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The D-SPECT is a dedicated cardiac camera that incorporates
a solid-state semiconductor detector. This camera differs
greatly from conventional SPECT/CT systems, resulting in sig-
nificant differences in patient imaging. This continuing educa-
tion article focuses on the specifications of both SPECT/CT
and D-SPECT systems, radiopharmaceutical dosing require-
ments, imaging workflows, and some disadvantages of using
each camera system. When used properly, the D-SPECT
system can provide high-quality cardiac images with lower
doses and faster exam times than conventional SPECT/CT
systems.
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Coronary artery disease is the leading cause of death in
the United States (/). Myocardial perfusion SPECT is one
of the most frequently used diagnostic tools for patients at
risk for coronary artery disease and has significant prog-
nostic value (2). Dedicated cardiac SPECT cameras such as
the D-SPECT (Spectrum Dynamics) have been designed
specifically for myocardial perfusion imaging studies.
Equipped with cadmium-zinc-telluride (CZT)-based detec-
tors, the D-SPECT has demonstrated image quality superior
to that of standard SPECT or SPECT/CT while reducing
patient and personnel radiation exposure and decreasing
imaging time (3).
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CONVENTIONAL SPECT/CT

SPECT imaging is based on 50-y-old technology that
consists of a collimator and an Nal crystal coupled to
photomultiplier tubes. The y-rays emitted from the patient
after radiotracer injection pass through the collimator and
interact with the crystal, resulting in thousands of optical
scintillation photons, which are detected by the photomul-
tiplier tubes. The role of the photomultiplier tubes is to
convert the optical signal from the scintillation photons into
an electronic signal proportional to the energy deposited in
the crystal. The thickness of the Nal crystal typically ranges
from 6.35 to 15.9 mm (4). For °*™Tc-labeled radiotracers, a
thickness of 9.5 mm is preferred as it is able to stop 90% of
the 140-keV photons incident on the crystal (4).

Most SPECT/CT cameras used for cardiac imaging have
2 detectors configured at 90° or 180° mounted on a gantry,
although 3-detector systems are also used. In the practice of
nuclear cardiac imaging, the preferred configuration of the
dual-detector system is 90°, as this increases the sensitivity
of images and reduces the scanning time (4). Since the heart
is positioned anteriorly in the left hemithorax, supine im-
aging begins at a 45° right anterior oblique angle and com-
pletes a 180° arc around the patient.

The gantry rotates while the detectors contour around the
patient’s chest as part of the setup process for image acqui-
sition, and 64 images with 32 steps are typically acquired.
Conventional SPECT cameras are equipped with low-energy,
high-resolution parallel-hole collimators; the role of the par-
allel-hole collimators is to limit the detected photons to those
perpendicular to the detector, making tomographic image
reconstruction possible. These same collimators, however,
will stop more than 99.9% of photons because they are not
incident on the holes of the collimator, resulting in a trade-
off between spatial resolution and sensitivity. Because of this
loss of sensitivity, acquisition times on the order of 20 min
are required for SPECT studies (4).
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high-resolution collimators, which typi-
cally have holes measuring 35-45 X
1.5-2.0 mm. Because of the increased
aperture size relative to the size of the
collimator, there is an 8-fold increase
in acceptance of incidental photon de-
tection, compared with conventional
SPECT collimators (6). When the gan-

FIGURE 1.

The hybrid technology of SPECT/CT is used for myo-
cardial imaging, with the CT component applied in tandem
with the SPECT component. Because all SPECT/CT stud-
ies are acquired sequentially, it is important that the patient
be in the exact same position during and between each scan
(apart from normal tidal breathing). Undesirable movement
by the patient will cause a misregistration of the SPECT and
CT images. In addition to anatomic information, the CT
component of SPECT/CT systems is used to correct for attenu-
ation (Fig. 1) (5).

D-SPECT EQUIPMENT

Unlike the original SPECT technology, which relied on
the pairing of scintillators to photomultiplier tubes, the D-
SPECT detector uses semiconductor-based solid-state de-
tectors that are constructed with CZT. When the photons
interact with the CZT in the semiconductor, the incident
v-rays create electron pairs and an electrical signal is pro-
duced. The direct conversion of energy in the semiconduc-
tor solid-state detectors is characterized by good energy
resolution, and in clinical applications the energy resolu-
tion is reported to be better than 6% at 140 keV (5). Unlike
other detectors (e.g., germanium), CZT operates at room
temperature.

Though there are several types of CZT camera, this
review focuses on the D-SPECT (Spectrum Dynamics). In
the D-SPECT, there are 9 individually rotating detector
columns arranged on a stationary gantry in a curved con-
figuration to accommodate the heart on the left side of the
patient’s chest (Fig. 2). Each detector column is 40 mm
wide (16 pixels) by 160 mm tall (64 pixels). The columns
comprise CZT detectors aligned with the square apertures
of the parallel-hole tungsten collimator in front of them,
with 1 CZT pixel for each square aperture. Every detector
column rotates at 110° independently of the other columns,
allowing acquisition of hundreds of projections at varying
angles of the heart. The tungsten collimator has short holes
(21.7 mm), and the square apertures of the collimator
(2.26 mm) allow a higher percentage of photons to pass
through than is possible with conventional low-energy,
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Multiple imaging positions can help to compensate for lack of attenuation
correction. (A) Upright positioning on D-SPECT at approximately 70° chair angle, with
detector at its closest position to patient. Patient can rest both arms on top of detector
at about eye level, or right arm may be placed on arm rest. (B) Supine positioning on
D-SPECT at approximately 30° chair angle. Right arm may be placed on arm rest,
with left arm on top of camera or over patient’s head. (C) Supine positioning on
conventional SPECT camera, with both detectors at 90° and arms over head.

try is stationary and the detector col-
umns rotate individually, the D-SPECT
enables a list mode for dynamic acqui-
sition. Because of geometry and sensi-
tivity limitations, conventional SPECT
systems typically cannot acquire dy-
namic datasets (6).

One unique aspect of the D-SPECT
system is that patients are imaged while sitting and can be
positioned upright or supine (Fig. 3). An additional and
important difference between the D-SPECT and conven-
tional SPECT/CT systems is the absence of CT imaging
for attenuation correction. Approaches to minimize attenu-
ation artifacts are discussed below.

COMPARISON OF IMAGE QUALITY BETWEEN
SYSTEMS

In nuclear medicine, a y-camera is used to produce an
image, and the quality of these images depends on 3 fac-
tors: energy resolution, spatial resolution, and sensitivity.

Energy resolution characterizes the ability of the system
to determine the energy of the incident photons. In nuclear
medicine, good energy resolution allows for the discrimi-
nation of low-energy photons (that have already scattered in
the patient) from higher-energy photons (that have had
fewer interactions before depositing their energy in the
detector). Energy resolution is reported as the full width at
half maximum of a gaussian fit of the energy profile, for a
given energy. A gaussian function is a function that repre-
sents the normal distribution, and the full width at half
maximum is the energy profile width at which the measured

FIGURE 2. Example of distal inferior wall attenuation artifact
(decreased uptake, arrows) seen occasionally on both rest and
stress D-SPECT images. Myocardium is delineated more
sharply with D-SPECT than with attenuation-corrected (AC) or
non-AC SPECT/CT.
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FIGURE 3. Aerial view of camera heads arranged inside
gantry, showing approximate angles taken to achieve images.
Red lines indicate heart-centric FOV of 1 of 9 detectors.

energy is half its maximum value. Because energy resolu-
tion depends on the incident photon energy and will change
depending on the radionuclide being imaged, the energy of
the measurement is always reported. CZT has better energy
resolution than Nal across the clinically relevant energy
range, with the energy resolution being improved by a factor
of 2 or better (7).

Spatial resolution is the ability to separate distinct objects,
with better resolution resulting in sharper, more detailed
images. The spatial resolution of the D-SPECT system is
2.5 mm, whereas traditional SPECT systems typically have
a spatial resolution of 3.5-4.0 mm (4) (Table 1) because of the
geometry of the system and the small size of the individual
detector elements.

Sensitivity is reported as the percentage of emitted
photons from the patient that are detected by the SPECT
system. In a system with higher sensitivity, an image
acquired during the same length of time as on a lower-
sensitivity system will have more counts and a better signal-
to-noise ratio. In the D-SPECT module, each detector column
turns individually on its own axis, and a greater number of
photons pass through the larger-hole collimators. These
features increase the sensitivity of the D-SPECT by 5-10
times over the traditional SPECT system (4). For conventional
SPECT systems, sensitivity is rather low because only a small

TABLE 1
Characteristics of Crystals Used in Cardiac SPECT and
D-SPECT Detectors (4)

Intrinsic
Energy spatial Count
Detector Thickness  resolution  resolution rate
crystal (mm) (%) (mm) (keps)
Nal 9.5 10 4 2250
CZT 5 6 2.5 2600

fraction (107°) of photons are detected from the radiotracer
activity because of absorption by the collimator (3) and the
solid-angle coverage.

Image quality on conventional SPECT cameras can be
impacted by various artifacts. These are caused by a
relatively low number of photons emitted from the heart
that are overwhelmed by activity from regions such as the
intestines or biliary system. This situation can result in
the ramp filter artifact, in which activity below the
diaphragm results in either higher or lower activity in
the inferior wall (4,8). Direct alignment with the heart,
combined with D-SPECT’s approximately 15.7-cm axial
field of view (FOV) and its concentrated heart-centric aiming,
decreases the number of acquired photons from extrac-
ardiac areas, minimizing this artifact. One risk with the
smaller FOV of the D-SPECT is that truncation artifact
can occur if the heart is not within the FOV of the scanner

).

DOSING INFORMATION

Studies show that the D-SPECT allows injection of a
lower administered activity to reduce radiation exposure
while providing diagnostic images within a shorter acquisition
time (Table 2). The guidelines of the American Society of
Nuclear Cardiology recommend 296444 MBq (8-12 mCi)
for rest imaging and 888—1,332 MBq (24-36 mCi) for stress
imaging in a 1-d rest-stress protocol (9). In an article by
Perrin et al., this dose was reduced to 111-259 MBq (3-7
mCi) and 370-814 MBq (10-22 mCi), respectively, on the D-
SPECT (/0), although this study used a stress—rest protocol. In
the Perrin article, this dose range resulted in an acquisition
time of 7.7 min at stress and 2.7 min at rest. Use of the D-
SPECT would reduce the effective dose from roughly 13 mSv
using a standard SPECT camera to 8 mSv. Radiation exposure
can be reduced further, particularly in obese patients, by using
upright positioning, which is helpful for interpretation, and use
of stress-first imaging can eliminate the need for rest scans
(11). Using similar low administered activities, multiple stud-
ies have shown D-SPECT imaging to have a high accuracy
compared with invasive angiography (/2,13). Overall, the
ability to administer an overall lower activity reduces expo-
sure not only to patients but also to the technologist perform-
ing the studies.

D-SPECT WORKFLOW

Preparation

Patient preparation for cardiac imaging with the D-
SPECT is the same as for conventional SPECT/CT, in-
cluding the need to refrain from caffeinated beverages and
to fast for at least 4 h beforehand. Limitations on other
cardiac and systemic medications are not different from
standard myocardial perfusion imaging protocols. Provid-
ing water after the rest injection can help minimize uptake in
the liver, bowel, and gallbladder, as can longer delays between
injection and imaging, and both are common methods for
decreasing artifacts.

D-SPECT WorkrLow ¢ Johnson et al. 299



TABLE 2
Same-Day Protocols with D-SPECT Using °°MTc-Based Radiotracer

Protocol Rest study

Stress study

Rest/stress (4,9)
Rest/stress (72) 185 MBq (5.0 mCi) for <91 kg
370 MBq (10.0 mCi) for >91 kg
359 MBq (9.7 mCi) for 75 kg

814 MBgq (22 mCi) for >110 kg

Stress/rest (10)

Stress/rest (11)

Doses are based on weight and body mass index (BMI).

296-444 MBq (8-12 mCi) (conventional SPECT)

648-1,147 MBq (17.5-31.0 mCi) based on BMI

888-1,332 MBq (24-36 mCi) (conventional SPECT)
463 MBq (12.5 mCi) for <91 kg

925-1,110 MBq (25.0-30.0 mCi) for >91 kg

118 MBq (3.2 mCi) for 75 kg

259 MBq (7.0 mCi) for >110 kg

207-929 MBq (5.6-25.1 mCi) based on BMI

Recommended doses from ASNC guidelines (4,9) are weight-based and about 50% greater than doses from the other guidelines

(10-12).

Positioning

The curved configuration of the D-SPECT allows for the
heart to be imaged with the camera head at the closest
possible position to the patient. During the acquisition, the
patient may either sit upright (70°) or recline supine (30°)
with the arms placed on the detector (Fig. 3). The seat angle
may be adjusted to any degree within the range, to help
compensate for subdiaphragmatic artifacts. Variations in
body habitus are accommodated by the adjustable seat.
Once seated, the patient is positioned as far to the left as
possible (slightly off center) while maintaining an erect and
parallel position in the chair (no slouching if possible).
Moving the chair is also necessary to position the heart in
the FOV. The technologist, using the push-button hand con-
troller, manually aligns the camera head to closely fit
against the anterior chest and left lateral thoracic cavity
(Fig. 2). Overall, the ability to image upright patients on
SPECT equipment is more comfortable for them than is
supine imaging.

Upright positioning is especially helpful when imaging
patients with chronic obstructive pulmonary disease or
dyspnea, as lying flat often exacerbates shortness of breath.
The option of imaging upright can make the difference in
whether a stress test exam can be completed (/4). Fre-
quently, the patient’s arms are placed overhead on a con-
ventional SPECT/CT device, but the D-SPECT requires
that only the left arm be partially elevated. Regardless of
the chair angle, the patient may choose either to rest both
arms directly on the camera itself or to rest the right arm on
the movable armrest.

Conventional SPECT imaging may require a patient to
be prone to minimize artifacts. With the D-SPECT, an
alternative is to adjust the chair angle (Fig. 3), which elim-
inates the discomfort associated with prone imaging (/2),
and these various positions can reduce artifacts (3,15). One
study demonstrated the benefit of patient positioning with
the D-SPECT in obese patients by comparing upright and
supine views from the D-SPECT with a supine view from a
conventional SPECT camera (/7). Of the 101 patients on
the SPECT camera, 74 needed a rest scan, whereas only 42
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of the 101 patients scanned in an upright position on the D-
SPECT required a rest scan. The study concluded that the
addition of an upright image in obese patients improved the
ability to determine whether rest imaging was necessary,
thus reducing the radiation exposure to the patients (/7).

Detector Alignment

When setting up for imaging with the D-SPECT, the
technologist has to approximate the heart alignment until
the appropriate steps are taken on the acquisition computer
during the prescan. Because of the D-SPECT’s smaller FOV,
localizing the heart can be difficult at first. Unlike conven-
tional imaging using a live persistence-scope, D-SPECT data
are initially collected on the acquisition computer as a pre-
scan. The alignment process takes a few seconds and aids in
ensuring that the myocardium is centered within the FOV.
This process may be repeated as many times as necessary
to align the heart within 3 different regions of interest: ante-
rior, lateral, and axial (aerial). The technologist centers the
heart in all 3 planes displayed during the prescan to ensure
the heart is centered within the FOV (Fig. 4) (16).

This system of aligning the heart is unique to D-SPECT
and may require some trial and error by the technologist.
The initial alignment and prescan are especially important
because processing with the D-SPECT requires an accurate
prescan, which is not needed on a conventional SPECT/CT
or SPECT-only system. The time spent in prescanning
saves time during postprocessing and limits the need for
reimaging. Once the heart is located and regions of interest
are drawn, image acquisition can begin.

Imaging

Once imaging is under way, neither the patient nor the
camera moves. The only time the camera heads are moving
is during the setup process, when the technologist manually
moves the detector. This reduces the possibility of motion-
created artifacts or injuries. Lack of motion and noise,
combined with the open seating configuration, decreases
concerns of claustrophobia. The curved configuration of the
D-SPECT, as it touches the patient just below the axilla,
does not interfere with the patient’s line of sight.
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FIGURE 4. Prescan ensures that heart is accurately centered within FOV. Front and side views indicate superior and inferior
limits. Dashed white circle in top view is D-SPECT indicator for lateral left side heart alignment; for appropriate imaging, heart must
touch this circle, at minimum. Red circle needs to be adjusted to fit around myocardium on all 3 views for optimum count statistics.

A D-SPECT acquisition using technetium-labeled perfu-
sion agents typically takes 2-8 min for standard doses
according to the as-low-as-reasonably-achievable principle.
Commonly used doses for the D-SPECT are shown in Table
2. Lower doses can be used but would require longer im-
aging times. Rest and stress images are acquired with 4-
lead electrocardiograms, and multiple acquisitions in the
upright and the supine positions help to identify any breast
or diaphragmatic attenuation artifacts. When using pharma-
cologic stress protocols while the patient is on the scanner,
a separate 12-lead electrocardiogram may be required, as
the camera is specifically designed to be used with 4 leads.

Postprocessing
The reconstruction algorithm on the D-SPECT is based
on 3-dimensional maximum-likelihood expectation maxi-

mization iterative reconstruction. This algorithm helps
overcome the loss in spatial resolution caused by the larger
collimator holes (3). Multiple processing platforms are
available, similar to conventional SPECT systems. Process-
ing accurately is more contingent on the initial setup and
the prescan for the D-SPECT than for conventional process-
ing systems. D-SPECT alignment is myocardium-specific
because of the smaller detectors and abridged FOV. There-
fore, alignment requires a more precise centering of the
heart (4). Drawing accurate left ventricular regions of in-
terest from the initial prescan, and at processing, is neces-
sary for proper quality control of the images (Fig. 5) (4).

Room Requirements
The D-SPECT has a considerably smaller footprint than
conventional SPECT systems. Depending on the system,
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FIGURE 5. D-SPECT postscan. If prescan centering was
accurate, each of 9 camera FOVs will be centered as in this
image. Two separate vertical columns, left and right, represent
first and second sweeps of detector. Scanning by the 9 detectors
is based on regions of interest drawn by technologist, and then all
detectors shift on linear motor and scan again. Afterward, these
2 sweeps are zipped together. Vertical lines are positions (equal
to stops on traditional scanner), of which there are 60 for each
detector per scan. Dark space above and below vertical lines
indicates accurate prescan FOV alignment.

the D-SPECT fits in a room as small as 2.9 X 3.4 m (9 ft 5 in
x 11 ft) (15). In actual practice, for comfort and safety, the
room should be closer to 3.0 X 3.7 m (10 x 12 ft) to allow
for dynamic imaging, injection of pharmacologic agents,
and additional personnel. This is still considerably less
space than required for conventional nuclear medicine or
SPECT/CT cameras, which typically require rooms of 4.6 X
6.4 m (15 x 21 ft) or larger.

Limitations

The main limitation of the D-SPECT system is the in-
ability to correct for attenuation, creating challenges in the
interpretation of some exams. Depending on body habitus,
breast and diaphragmatic artifacts can limit the correct
assessment of the anterolateral and inferolateral segments
of the left ventricle. The possibility of acquiring images in
different positions helps overcomes this issue. These arti-
facts may hamper the use of stress-only imaging.

The initial setup for subjects with a large body is also
challenging. It is key to position the patient’s heart in the
FOV (displayed on the acquisition monitor) during the pre-
scan step, but the heart sometimes will not fit into the FOV
if excessive body tissue extends from the left side of the
heart to the patient’s exterior left side, which is in contact
with the detector (Fig. 6).

Although rarely a problem, patients with severe cardio-
megaly may pose issues to the imaging technologist if the
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FIGURE 6. Example of poor positioning on D-SPECT prescan
interface. Though frontal and side views are aligned within superior
and inferior limits, top-view target area (dashed white circle) shows
that heart is outside FOV. This can occur when patient is obese or
when patient or camera is not adequately left-aligned.

heart is larger than the FOV. During processing, portions of
the myocardium could be cut out, resulting in suboptimal
diagnostic images (/7).

In a hospital setting, one of the larger drawbacks may be the
inability of the D-SPECT to handle immobile or uncooper-
ative patients. The chair position is not adequate for patients
who cannot sit upright on their own, patients with involuntary
movements, and some patients with altered mental status.

CONCLUSION

D-SPECT technology has been shown to be a valid, safe,
and accurate option for myocardial perfusion imaging
studies, with benefits over SPECT imaging. Although CT
attenuation technology, which is not available on the D-SPECT,
increases the diagnostic value of conventional SPECT technol-
ogy, the improved spatial resolution and sensitivity of the
D-SPECT provides myocardial perfusion imaging studies of
diagnostic quality. The proximity of the detector to the patient
improves image quality while also reducing artifacts caused by
patient movement. This close proximity also allows for a
reduced dose or imaging time, both of which benefit the patient
and decrease exposure to the technologist. Arguably, the most
advantageous feature of the D-SPECT is the availability of
upright imaging, which increases patient comfort. Superior
image quality, low doses, and fast acquisition times, combined
with optimal patient comfort, demonstrate that D-SPECT tech-
nology is advantageous both to the patient and to the nuclear
medicine technologist acquiring the study.
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