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Today, PET and SPECT tracers cannot be imaged simulta-
neously at high resolutions but require 2 separate imaging
systems. This paper introduces a Versatile Emission Computed
Tomography system (VECTor) for radionuclides that enables
simultaneous submillimeter imaging of single-photon and pos-
itron-emitting radiolabeled molecules. Methods: g-photons
produced both by electron–positron annihilation and by sin-
gle-photon emitters are projected onto the same detectors by
means of a novel cylindric high-energy collimator containing
162 narrow pinholes that are grouped in clusters. This collima-
tor is placed in an existing SPECT system (U-SPECT-II) with 3
large-field-of-view g-detectors. From the acquired projections,
PET and SPECT images are obtained using statistical image re-
construction that corrects for energy-dependent system blurring.
Results: For PET tracers, the tomographic resolution obtained
with a Jaszczak hot rod phantom was less than 0.8 mm, and
0.5-mm resolution images of SPECT tracers were acquired si-
multaneously. SPECT images were barely degraded by the si-
multaneous presence of a PET tracer, even when the activity
concentration of the PET tracer exceeded that of the SPECT
tracer by up to a factor of 2.5. Furthermore, we simultaneously
acquired fully registered 3- and 4-dimensional multiple functional
images from living mice that, in the past, could be obtained only
sequentially. Conclusion: High-resolution complementary in-
formation about tissue function contained in SPECT and PET
tracer distributions can now be obtained simultaneously using
a fully integrated imaging device. These combined unique capa-
bilities pave the way for new perspectives in imaging the bi-
ologic systems of rodents.
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Imaging the distributions of radiolabeled molecules in
small animals facilitates in vivo quantitative assessments of
molecular mechanisms and the development of new pharma-
ceuticals and diagnostic tracers (1,2). In molecular imaging,
SPECT and PET are key modalities, offering the ability to
track and quantify radiolabeled biomarkers (radiotracers or
radiopharmaceuticals) with detection sensitivity below the
nano- or even picomolar range. Current small-animal SPECT
scanners can be used to image one or multiple SPECT tracers
in a single scan with image resolutions that have improved
enormously over the last decade (3–7), well below 0.5 mm in
3 dimensions (8,9). In contrast, high-end commercial small-
animal PET attains image resolutions of approximately 1 mm
(10–15) and cannot distinguish between simultaneously in-
jected tracers, because positron emission from different trac-
ers results in g-photon pairs with equal energy (511 keV).
Recently, it was also shown that fast dynamic (total body)
imaging is possible with small-animal SPECT based on sta-
tionary detectors (16,17). This ability makes SPECT, besides
PET, an important tool in, for example, kinetic modeling.

Using complementary sets of radiolabeled molecules, PET
and SPECT make it possible to visualize and quantify
different aspects of biologic function. However, today’s scan-
ners cannot take advantage of the entire complement of avail-
able radiotracers because, until now, these 2 modalities could
not be combined into a single integrated system capable of
imaging both classes of tracers simultaneously at high reso-
lutions. Here, we present the first truly integrated submillime-
ter SPECT/PET platform that is designed to use a single set of
detectors and a single user interface. In contrast to 2 stand-
alone systems or 2 separate systems attached to one another in
a series, simultaneous SPECT/PET acquisition provides per-
fectly aligned images in space and time of different tissue
functions that can therefore be directly correlated. Further-
more, such a fully integrated SPECT/PET scanner not only
saves costs, imaging time, training time, and floor space but
also enables the imaging of PET and SPECT probes with
a single dose of anesthesia.

Traditionally, PET has been based on a ring detector
using dedicated electronics for the coincidence detection of
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pairs of annihilation photons. In contrast, SPECT systems
use collimators to detect single g-photons emitted by SPECT
tracers. In several studies over the last decade, it has been
shown that dedicated SPECT provides higher-resolution
images of mice than dedicated PET does, because several
image-degrading effects that play a role in small-animal PET
are not present or are dramatically reduced with pinhole
imaging (18). Therefore, we developed a novel collimation
technique to enable separate imaging of the 2 high-energy
g-photons emitted by PET tracers simultaneously with pho-
tons emitted by SPECT tracers. This technique exploits clus-
ters of pinholes (18–20), where each cluster samples the
same field of view as a single traditional pinhole (Fig. 1A).
Pinhole edge penetration, which would be a major problem
were standard SPECT collimators to be used for high-energy
annihilation photons, is dramatically reduced because each
of the pinholes in a cluster has a smaller opening angle,
thereby increasing the path length that a photon has to travel
to penetrate the pinhole at a certain distance from the edge of
the hole.
Here we present and apply the experimental realization of

submillimeter simultaneous SPECT/PET based on clustered
pinholes. This prototype Versatile Emission Computed
Tomography system (dubbed VECTor, and available through
MILabs) is based on a specially designed cylindric collima-
tor containing 48 clusters of 4 pinholes each (Fig. 1B) that
was placed into an existing SPECT system with integrated
CT (U-SPECT-II/CT [MILabs], Fig. 1C). Similar to the stan-
dard multipinhole SPECT collimators of this system, the
clustered-pinhole collimator applies a focusing geometry;
all pinhole clusters focus on a central scan volume. This de-
sign allows the count yield from a specific organ or a tumor to
be increased (21) but also allows imaging of larger regions—
up to (dynamic) whole-body mouse scans (17,22). We present
a quantitative performance evaluation of VECTor using phan-
tom data and show the results of simultaneously acquired

multiple functional data obtained with positron and single-
photon emitters in mice.

MATERIALS AND METHODS

Pinhole Geometry and System Description
The collimator that enables imaging of single-photon and positron

emitters was integrated in the U-SPECT-II/CT system (8), which uses
3 large-field-of-view g-detectors. The imaging platform has been
dubbed VECTor. The tungsten collimator (shown in Fig. 1B) contains
48 clusters of four 0.7-mm-diameter pinholes (illustrated in Fig. 1A)
placed in 4 rings. The pinholes in the inner 2 rings of the collimator
have opening angles of 18�, whereas in the outer rings opening angles
of 16� were chosen in order to achieve a more uniform coverage of
the detectors with pinhole projections. Of all 192 clustered pinholes,
162 were being used for image reconstruction. The collimator has an
inner diameter of 48 mm, the pinhole centers are placed at a diameter
of 64 mm, and the collimator has a wall thickness of 43 mm.

All the pinhole clusters together observe a field of view that
extends over the entire collimator tube diameter (48 mm) and has
the shape of an hourglass (21). The average longitudinal length of
the collimator field of view is 36 mm. A portion of the field of
view, referred to as the central field of view, is sampled by all
pinhole clusters simultaneously, and in that portion complete data
acquisition is obtained without any translation of the bed. For the
clustered-pinhole collimator used here, the central field of view
had a diameter of approximately 12 mm and a longitudinal length
of approximately 9 mm.

Image Reconstruction and Calibration
The scanning focus method was used for data acquisition (22).

A pixel-based ordered-subsets expectation maximization algo-
rithm (23) with 16 subsets was used for image reconstruction.
The system matrix for the SPECT tracers was obtained using
the method described by Van der Have et al. (24). The system
matrix for 18F-labeled tracers was calculated using a ray-tracing
code (25). Inputs to this code were the precise pinhole and detector
positions and detector orientations, determined via point-source
measurements (24), whereas pinhole axis orientation and the exact
pinhole opening angle were estimated from a detector image of an
extended source.

Scatter Correction
In all experiments, scatter was corrected using a triple-energy-

window technique (26). All photopeak windows were set to a width
of 15%. For 18F-labeled tracers, background windows of 400–450
keVand 550–600 keV were chosen; for 99mTc-labeled tracers, these
windows were set to 100–115 keV and 155–170 keV; and for 123I-
labeled tracers, background windows were set to 105–120 keV and
260–275 keV.

Evaluation of System Characteristics
Resolution for SPECTand PET Tracers. To test the resolution of

VECTor for the most common PET and SPECT isotopes (18F and
99mTc) in a simultaneous acquisition, a miniature resolution phan-
tom (Jaszczak phantom; Vanderwilt Techniques) with 6 sectors was
manufactured. Each sector contains a set of equally sized capillaries
with diameters of 0.85, 0.8, 0.75, 0.55, 0.5, and 0.45 mm (Fig. 2).
The distance between capillary centers was equal to twice the cap-
illary diameter. To test if the presence of a PET tracer influenced the
resolution of SPECT images, we covered a wide range of SPECT-
to-PET tracer concentration ratios in the resolution phantom scan

FIGURE 1. Integration of clustered-pinhole collimator into existing
SPECT/CT platform. (A) Traditional pinhole with opening angle a

and cluster of 4 pinholes with approximately same field of view

and opening angle a/2. (B) Clustered-pinhole collimator optimized
for imaging SPECT and PET tracers, into which mouse is placed. (C)

Collimator mounted in SPECT/CT system.
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by performing a scan over more than 10 half-lives of 18F (20 h of
total scanning time), with the acquired data split into time frames of
1 h. At the beginning of the scan series, capillaries contained 29.8
MBq of 18F solution mixed with 10.4 MBq of 99mTc solution. In
this paper, we show SPECT/PET images of the scan starting at 2 h
(14 MBq of 18F and 8.3 MBq of 99mTc solution); other images from
this scan series are provided in the supplemental data (available
online at http://jnm.snmjournals.org).

Phantom with Cylindric Compartments. Some amount of PET
tracer may be expected to “leak” into the SPECT images, because
the 511-keV annihilation photons produced by the PET tracer can
down-scatter into the SPECT photopeak. This effect can lead to
overestimation of the amount of SPECT tracer in a certain volume
of interest where PET tracer is also present. To test if such an
effect occurred, we used a cylindric phantom (25 mm in diameter,
25 mm in length) containing 2 smaller cylindric compartments
(7 mm in diameter, 12 mm in length) (Supplemental Fig. 2A).
The large cylindric volume was filled with water. The left small
cylinder was filled with a mix of approximately 20 MBq of 99mTc
and 50 MBq of 18F solution, and the right one was filled with
approximately 19 MBq of 99mTc solution. By comparing estimated
amounts of SPECT tracers in the left and right compartments over
time, we investigated if the PET tracer in the left compartment
hindered accurate estimation of the amount of SPECT tracer in
that same compartment. In reality, this SPECT-to-SPECT tracer
ratio remains constant during the scan, but if the presence of PET
tracer influences quantification of SPECT tracer in the left com-
partment this ratio is expected to become time-dependent. (Be-
cause the PET tracer decays much more rapidly than the SPECT
tracer, its effect on SPECT quantification will also diminish over
time.) To this end, we scanned for 14 h with data split into 60-min
scans. Uptake of tracer in each compartment was determined by
drawing a cylinder around the compartments with a diameter of 10
mm, larger than the cylinders themselves, to avoid partial-volume
effects. SPECT and PET images were scaled to the same relative
intensities using calibration factors for 99mTc and 18F that were
determined by scanning a small source filled with a known quan-
tity of 99mTc or 18F and then applying attenuation correction (27).

Sensitivity. A small source was made by enclosing 6 mL of 18F
or 99mTc solution in a cylinder with a diameter of 2 mm. Sensi-
tivity profiles were acquired by moving this source over 3 mutu-
ally perpendicular axes that crossed in the center of the collimator.
The sensitivity was defined as the ratio of the number of detected
g-photons to the number of (positron or g) emissions. Sensitivity

was determined for photopeak windows with widths of 30%, 25%,
20%, and 15%.

Animal Studies
Animal studies were performed in accordance with the Dutch Law

on Animal Experimentation and protocols approved by the Animal
Research Committee of the University Medical Center Utrecht.

Mouse Heart Scan. A 29-g C57Bl6 mouse was anesthetized
with isoflurane and then injected intravenously with 130 MBq of
99mTc-tetrofosmin and 24 MBq of 18F-FDG. A 60-min SPECT/
PET acquisition was obtained, starting 10 min after injection.

Mouse Brain Scan. A 23-g C57Bl6 mouse, which had been kept
fasting for 12 h, was injected intraperitoneally with 40 MBq of
18F-FDG and 30 MBq of 123I-N-v-fluoropropyl-2b-carbomethoxy-
3b-(4-iodophenyl)nortropane (123I-FP-CIT). The mouse was anes-
thetized with isoflurane 45 min after radionuclide injection. A
60-min SPECT/PET acquisition was obtained, starting 105 min
after injection.

Mouse Bone Scans. A 33-g C57Bl6 mouse was anesthetized
with isoflurane and injected intravenously with 220 MBq of 99mTc-
hydroxymethylenediphosphonate (99mTc-HDP) and 60 MBq of
18F-fluoride. A 60-min whole-body SPECT/PET acquisition was
obtained, starting 30 min after injection.

A 27-g C57B16 mouse was anesthetized with isoflurane and
injected intravenously with 130 MBq of 99mTc-HDP and 85 MBq
of 18F-fluoride. A 30-min SPECT/PET acquisition of the lumbar
spine and pelvis was obtained, starting 60 min after injection.

RESULTS

Evaluation of System Characteristics

Resolution for SPECT and PET Tracers. SPECT and PET
images of the resolution phantom filled with a mix of 99mTc
and 18F solution (SPECT-to-PET concentration ratio,;1:1.7)
are shown in Figure 2. Rods of 0.5 mm can be distinguished
in the 99mTc image, and 0.8-mm rods are still clearly visible
for 18F.

Supplemental Figure 1 shows SPECT images of the same
phantom with different SPECT-to-PET tracer concentration
ratios. Even when the concentration of the PET tracer
exceeded that of the SPECT tracer by a factor of 2.9, 0.5-
mm rods were still visible in the SPECT images, demon-
strating that the resolution of SPECT images was hardly
affected by the simultaneous presence of a PET tracer. Such
a degrading effect might be expected to occur because of
down-scatter of PET annihilation photons into the SPECT
photopeak.

Phantom with Cylindric Compartments. The ratio of the
amount of SPECT tracer (99mTc) in the left and right com-
partments of the water-filled mouse-sized phantom (Supple-
mental Fig. 2A) is shown in Supplemental Figure 2B as
a function of the relative amount of PET tracer (18F) that
was also present in the left compartment. Because all data
points result from multiple time frames of a single scan, the
true SPECT-to-SPECT tracer ratio is constant. However,
leakage of PET tracer distribution into the SPECT images
would affect this ratio, an effect that is expected to decrease
over time because of the relatively rapid decay of the PET
tracer. The experimental results demonstrated that, even

FIGURE 2. Simultaneously acquired images of SPECT and PET

tracers in phantom with 6 segments with capillary diameters of 0.85,
0.80, 0.75, 0.55, 0.50, and 0.45 mm. At start of this scan, capillaries

contained 14 MBq of 18F solution and 8.3 MBq of 99mTc solution.

Phantom was imaged for 60 min. All images shown had slice thick-

ness of 3.2 mm.
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though the SPECT-to-PET tracer concentration ratio in the
left compartment varied widely during the scan (from 1:2.5
to 12:1), the SPECT-to-SPECT tracer ratio of the 2 cylin-
ders did not vary much. In fact, this ratio differed by only
3.8% between the first and last time points of the scan.
Furthermore, SPECT image slices and profiles showed no
activity in the water-filled area (Supplemental Fig. 2B).
Sensitivity. The peak sensitivity of the system for 99mTc

and 18F for different photopeak window widths is provided in
Table 1. For a photopeak window width of 30%, 99mTc and
18F peak sensitivities were 0.25% and 0.31%, respectively.
The system sensitivity differed only slightly for photopeak
windows of 25%, 20%, and 15%. In Supplemental Figure 3,
sensitivity profiles are provided.
Taken together, these system tests demonstrated that PET

and SPECT tracers could be imaged simultaneously with
excellent resolutions and minimal cross-talk.

Simultaneous SPECT/PET Images in Living Mice

To determine whether it would be possible to obtain highly
detailed, simultaneous SPECT and PET images of complex
biologic systems in mice, we acquired in vivo heart, brain,
and bone images with SPECT and PET tracer molecules. All
the tracer combinations we tested were chosen with specific
biologic applications in mind—applications in which a direct
correlation of multiple processes is of importance. Naturally,
these combinations represent only a small subset of the im-
aging studies that clustered-pinhole SPECT/PET now makes
possible.
Mouse Heart Scan. First, we performed a dynamic (4-

dimensional) heart scan on a mouse using a combination of
99mTc-tetrofosmin (a clinically used SPECT myocardial per-
fusion tracer) and 18F-FDG (used clinically to distinguish
between dysfunctional/hibernating but viable myocardial tis-
sue and scar tissue). This SPECT/PET tracer combination is
of great practical interest in experimental cardiology, be-
cause it might be used to accurately distinguish between
viable and scarred myocardium (28). Three perpendicular
slices through the mouse heart are shown in Figure 3. These
images were averaged over the cardiac cycle. Supplemental
Video 1 (4-dimensional) of the beating mouse heart was
reconstructed from the same scan with electrocardiography
gating). The SPECT components of the cardiac images show
somewhat more detail than do the images of the PET tracer.
We attribute this mainly to the degree of g-photon pene-
tration through the pinhole edges. Furthermore, because

99mTc-tetrofosmin—in contrast to 18F-FDG—accumulates
in the gallbladder, this organ is visible only in the SPECT
images.

Mouse Brain Scan. We also acquired simultaneous
SPECT/PET brain images, combining a dopamine trans-
porter ligand (123I-FP-CIT) and a glucose analog (18F-FDG),
both merged with a CT scan (Fig. 4). Specific binding of
123I-FP-CIT to dopamine transporters can be resolved in sub-
regions of the brain (e.g., the striatum and the olfactory
tubercle), whereas uptake in the Harderian glands may
reflect nonspecific uptake. The images obtained for 18F-
FDG showed an overall distribution with high concentrations
in the olfactory bulbs and the cortical, thalamic, and midbrain
areas. Earlier, we imaged the effects of cocaine (a dopamine
transporter blocker) on the temporal characteristics of striatal
123I-FP-CIT binding in the mouse brain (16), whereas 18F-
FDG has been used as a brain activity marker (29). Imaging
this mix of SPECT and PET tracer molecules combined with
the administration of a drug of abuse (e.g., cocaine) may
create opportunities to directly relate molecular and func-
tional processes in the brain by relating the binding location
of the drug (revealed in the case of cocaine by displacement
of 123I-FP-CIT) to metabolic activity changes (revealed by
18F-FDG) in the brain.

Mouse Bone Scan. Finally, to illustrate a typical example
of how SPECTand PET tracers suitable for a similar imaging
task can be compared one-to-one under exactly the same
biologic circumstances, we performed parallel skeletal
SPECT/PET with the bone tracers 18F-fluoride and 99mTc-
HDP. Figure 5 shows maximum-intensity projections (MIPs)
from a simultaneously acquired whole-body bone scan. Fig-
ure 6 shows MIPs from a second bone scan with the same
tracer combination in which we focused on the lumbar spine
and pelvis. In these focused images, uptake of 99mTc-HDP
and 18F-fluoride in tiny parts of the individual processes and
other tiny vertebral parts is visualized. Like the cardiac im-
age in Figure 3, the images of the SPECT tracer reveal a bit
more detail than do the PET components. Rotating MIPs
from the same bone scans are available as Supplemental
Videos 2 and 3.

DISCUSSION

We have shown that SPECT images are hardly degraded
by the simultaneous presence of a PET tracer—even when
the activity concentration of the PET tracer exceeds that of
the SPECT tracer by up to a factor of 2.5 (Supplemental
Figs. 1 and 2). Typically, activities used in biologic SPECT
experiments are higher than those in PET experiments (30).
To confirm this, we performed a search for the 20 most
recent papers on mouse SPECT and on mouse PET pub-
lished in The Journal of Nuclear Medicine (search terms
mice SPECT or mice PET). These papers report average
injected activities of 52 MBq and 8.1 MBq for mouse
SPECT and mouse PET, respectively. As a result, we pre-
dict that in most biologic experiments, spill-over from the
PET tracer into the SPECT images will be negligible,

TABLE 1
Measured Peak Sensitivity for 99mTc and 18F

Sensitivity

Photopeak window width 99mTc 18F

30% 0.25% 0.31%

25% 0.25% 0.30%

20% 0.24% 0.29%
15% 0.22% 0.28%
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allowing for significant flexibility in the use of tracers and
consequently a greater versatility in their application to
biologic systems.
We were able to obtain high-resolution PET images

despite the relatively low sensitivity (peak sensitivity of
0.31%) of pinhole PET compared with coincidence PET
(peak sensitivities typically in the 1%–10% range). The
level of detail visible in the images shows that sensitivity
alone is insufficient as a predictor of image quality. In fact,
it is the combination of sensitivity and the accuracy with
which the direction of a detected g-photon is known that
determines how much image detail can be obtained.
In this paper we have presented focused scans, restricted to

a specific organ or part of the mouse, as well as whole-body
images. Because all clusters in the VECTor collimator focus
on a central scan volume that is smaller than a mouse,
focusing on a restricted volume of interest can increase the
number of detected counts from that region, resulting in
improved noise-resolution trade-offs (21). The benefits of fo-
cusing are well illustrated by the mouse bone scans in Figures
5 and 6; the visibility of small details is enhanced in the
focused scan, compared with the whole-body scan. For this
scan, simulations indicated that focusing increased the aver-
age sensitivity over the volume of interest by a factor of 5.
We obtained the images presented in this paper by placing

the novel collimator into an existing SPECT system. This
system has g-detectors that are optimized for imaging SPECT
tracers. The crystals have a thickness of 9 mm, which means
that only about 10% of the 511-keV g-photons that reach the
detector are detected in the photopeak (25). The implication
is that there is ample room for improving the sensitivity of the
system. Increases of up to a factor of 8 might be achieved
simply by, for example, using an 80-mm-thick NaI crystal.
We estimated that down-scatter of 511-keV g-photons enter-
ing the NaI crystal and detected at 140 keV would then de-
crease from 0.9% to 0.6%, thus reducing contamination of
SPECT images. If, in addition, larger pinholes (e.g., 1.0
instead of 0.7 mm) were to be used, peak sensitivities similar

to those in coincidence small-animal PET could readily be
obtained. Future research on pinhole SPECT/PET will cer-
tainly include the optimization of detectors and geometry
(e.g., size and shape of pinholes and number of pinholes
per cluster).

Clustered-pinhole SPECT/PET has not been designed
with a single imaging application in mind but rather as an
enabling technology for use in a variety of research areas in
which a direct correlation of multiple biologic functions
will lead to enhanced insights. With simultaneous SPECT/
PET, we enable a whole new range of applications in bio-
medical research, since 2 tremendously large and important
classes of tracers can now be combined for the first time.

In cardiovascular research, a SPECT/PET tracer combi-
nation has already attracted considerable attention over the
last 2 decades. It involves the use of 18F-FDG together with
a blood-flow tracer (such as 99mTc-tetrofosmin or 201Tl).
Such a tracer combination permits the assessment of both
myocardial glucose utilization and flow in a single study
(28). However, until now, the lack of suitable technology
has hampered its high-resolution application. Small-animal
models of disease play an important role in the optimization
of imaging procedures and in the development of tracers and
therapies. The high-resolution mouse heart images presented
in Figure 3 show that the proposed cardiovascular tracer
combinations can now be applied in a preclinical setting.

High-resolution SPECT/PET may also play a significant
role in simultaneous and possibly dynamic imaging of dif-
ferent brain processes, such as metabolic activity in defined
brain regions together with the functioning of the neuro-
transmitter system (Fig. 4)—or, alternatively, in monitoring
various aspects of the neurotransmitter system simultaneously.

FIGURE 3. Simultaneous SPECT/PET cardiac scan. We imaged

mouse, injected with 130 MBq of 99mTc-tetrofosmin and 24 MBq of
18F-FDG, for 60 min. Here, we show 3 mutually perpendicular slices

through mouse’s heart. Images represent average over cardiac
cycle. Supplemental Video 1, of beating heart, was reconstructed

from same scan.

FIGURE 4. Simultaneously acquired SPECT/PET mouse brain
images (color) overlayed on CT (gray). Coronal (A), sagittal (B),

and horizontal (C) slices at identical levels are shown. Mouse was

injected with 30 MBq of 123I-FP-CIT and 40 MBq of 18F-FDG and

imaged for 60 min starting 105 min after injection. Uptake of 123I-
FP-CIT (SPECT, top) in small brain structures such as striatum (1),

olfactory tubercle (2), and Harderian glands (3) can be resolved. 18F-

FDG (PET scan, bottom) is seen in multiple structures, including

olfactory bulbs (4), cerebral cortex (5), and thalamic and midbrain
areas (6).
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Specifically, many research groups are currently investigating
the effect of an intervention (e.g., amphetamine or cocaine
administration) on metabolic brain activity (monitored with
18F-FDG) or on the neurotransmitter system (imaged with
SPECT tracers such as IBZM, FP-CIT, or TRODAT). Be-
cause the biologic system does not react in the same way
to repeated interventions (31) (an effect called sensitization),
these 2 effects can be directly correlated only through simul-
taneous SPECT/PET. Furthermore, in research related to Par-
kinson disease, the possibility of using simultaneous SPECT/
PET to image multiple sites or processes of interest—thereby
enabling a direct investigation of interactions between differ-
ent processes—has already attracted interest (32).
In tumor imaging, 18F-FDG is widely used as a marker of

tumor response, whereas in other studies, long-living SPECT
tracers such as 111In or 125I are attached to antibodies used
for anticancer therapy to determine their distribution. With
simultaneous SPECT/PET, these different aspects of tumor
imaging can now be combined in a single longitudinal study.
In this way, a repeated read-out of therapy effects can be
directly related to the amount and distribution of SPECT-
labeled pharmaceutical within the tumor.
In addition, simultaneous SPECT/PET can be used in tracer

research to compare a SPECT and a PET tracer that target the
same biologic function (Figs. 5 and 6). In a simultaneous
SPECT/PET scan, the targeting properties of a molecule la-
beled with a heavy metal—such as is commonly used for
SPECT tracers—could be compared directly with the behav-
ior of an identical molecule labeled with a small positron-
emitting radioactive atom. Such a comparison, at the same
time and at exactly the same position in a single animal,
rules out the effects of varying physiology and spatiotem-
poral misregistration—effects that today severely compli-
cate tracer comparisons. This, in turn, can aid in the
modification of a PET tracer into a SPECT tracer. The
modification of PET tracers into SPECT tracers is of
practical interest because of the wider availability of
SPECT and may also be necessary when a process needs
to be monitored for a long time—something prohibited
by the relatively short lifetimes of most PET labels.

Previously, we showed that mouse organs and entire
bodies can be imaged with half-minute time frames using
high-resolution focused multipinhole SPECT (16,17). Be-
cause VECTor has a better sensitivity than these SPECT
systems (both for SPECT and PET tracers), we expect that
similar time resolutions will be feasible, allowing, for exam-
ple, tracer kinetic modeling in simultaneous SPECT/PET.

The clustered-pinhole technology presented here may
also lend itself to other novel applications in biomedical
imaging. For example, suppose that the clusters were
positioned closer to one other. Such a set-up would result
in a severe overlap of pinhole projections—which in most
situations would be undesirable (33,34). However, by add-
ing small shutters that block a subset of the pinholes within
each cluster, one could create imaging devices capable of
focusing rapidly and flexibly and that could quickly be
adapted to specific imaging needs—for example, for highly
specific imaging of regions of the brain containing certain
receptors or plaques, or for focusing on a tumor. Adaptive
imaging of radionuclides has recently drawn much attention
(35), and many new developments can be expected in this
emerging area of research.

CONCLUSION

We have shown that collimated simultaneous imaging of
SPECT and PET tracers with submillimeter image reso-
lutions is possible even when detectors are used that are
suboptimal for detecting 511-keV g-photons resulting from
PET tracers. From the large number of specific SPECT/PET
tracer combinations that are enabled by our new technol-

FIGURE 5. Example of simultaneous SPECT/PET scan obtained

with 2 tracers that target same biologic function. Images represent
MIPs of mouse injected with 2 bone tracers, 220 MBq of 99mTc-HDP

(top) and 60 MBq of 18F-fluoride (bottom), and scanned for 60 min.

Supplemental Video 2 shows rotating MIPs.

FIGURE 6. Example of simultaneous SPECT/PET bone scan of

lumbar spine and pelvis. MIPs of mouse injected with 130 MBq of
99mTc-HDP (top) and 85 MBq of 18F-fluoride (bottom) and scanned

for 30 min are shown. Supplemental Video 3 shows rotating MIPs.
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ogy, we have selected 3 prominent examples, and we have
demonstrated our ability to simultaneously acquire separate
images of these probes with excellent resolutions. This
evidence leads us to believe that clustered-pinhole SPECT/
PET may create unique imaging opportunities in a large
number of biologic research applications.
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