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Myocardial perfusion imaging with SPECT remains critically
important for diagnosing, assessing, and evaluating treatment
of coronary artery disease. However, conventional rotational
SPECT suffers from prolonged study times because of relatively
low detection efficiency. We therefore have investigated a multi-
pinhole collimator that could improve the detection efficiency
in cardiac SPECT by a factor 5, while providing image quality
comparable to standard rotational SPECT techniques using
parallel-hole collimation.Methods:We have measured the spa-
tial resolution and efficiency of a 9-pinhole and a parallel-hole
collimator mounted to a standard nuclear medicine g-camera
as a function of distance from the collimator with a point source
array. The efficiency was derived by integrating the detected
counts, and the spatial resolution was determined from the full
width at half maximum of the detected point spread function.
In addition, we generated and reconstructed projection data of
a 9-pinhole collimator from a digital heart phantom with a basal
lesion. We simulated 3 scenarios: single view from left anterior,
2 views from left anterior and left lateral; and 4 views that include
the 2 previous views and left lateral and anterior views. Results:
We found that the spatial resolution of the 9-pinhole collimator
with 8-mm diameter pinholes was 30% poorer than that for the
parallel-hole collimator, whereas the detection efficiency was in-
creased by .10-fold. This predicts that a 9-pinhole collimator
having the same spatial resolution as a parallel-hole collimator
will have 5 times greater efficiency. Reconstructed data from
1 angular view of the 9-pinhole collimator showed the expected
loss of spatial resolution in the longitudinal directionwith reduced
resolution of the basal lesion. In addition, the tomograms showed
distortions in the apical region. In contrast, the reconstructed
data from 2 and 4 views of the 9-pinhole collimator demonstrated
good lesion definition and also produced images describing the
shape and size of the heart more accurately. Conclusion: Our
results indicate that myocardial multipinhole tomography with 2
ormore views offers an image quality and spatial resolution com-
parable with current rotational SPECT techniques, but with the
advantage of a 5-fold increase in efficiency.

KeyWords:myocardial perfusion imaging; SPECT; multipinhole
tomography; technetium; coronary artery disease

J Nucl Med 2006; 47:595–602

Among all forms of illness, coronary artery disease
(CAD) is the single greatest cause of morbidity and
mortality in the United States, the Western World, and,
increasingly, the world at large (1,2). Though great effort
has been expended in the prevention of CAD, there also has
been great progress in the treatment of the condition.
Accurate diagnosis and assessment of prognostic risk are
critical in guiding therapy and monitoring therapeutic re-
sponse for an individual patient. Current diagnostic methods
include SPECT, echocardiography, PET, CT, and MRI;
each of these methods has its unique features and limi-
tations. In recent years, MRI has shown potential to assess
myocardial perfusion, but it is compromised in the presence
of pacemakers, defibrillators, and other metallic devices
(3,4). In addition, like myocardial PET, cardiovascular MRI
remains expensive and is less accessible than SPECT (5).

It now has been thoroughly demonstrated that nuclear
myocardial perfusion imaging (MPI), performed in associ-
ation with either exercise or pharmacologic stress, yields
clinically important and influential prognostic information
beyond that of all other methods (6–9). The ability to risk-
stratify CAD patients is at the basis of its clinical success
(10). Nuclear MPI, in particular SPECT, obviously remains
an important clinical tool (11). Furthermore, nuclear MPI
has the potential to perform molecular imaging of angio-
genesis, apoptosis, hypoxia, and other signatures that we
expect to emerge for more sensitive assessments of myo-
cardial disease over the next decade (12–15).

Although SPECT remains the single most important
technique to assess myocardial perfusion, it suffers from
relatively low detection efficiency because of its reliance on
parallel-hole collimation, which prolongs the imaging
study, and which impedes patient throughput and equip-
ment use. We therefore have investigated a multipinhole
imaging system, which potentially can increase the detec-
tion efficiency 5-fold compared with conventional parallel-
hole collimation, and therefore can reduce the acquisition
time significantly for a myocardial perfusion study.

Our approach is inspired by the resurgence of interest in
multipinhole imaging in the past 2–3 y with the application
of microSPECT and molecular imaging for noninvasive
assessments of small animals with high detection efficiency
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and submillimeter spatial resolution. Impressive results
have been presented by several groups (16,17) and it is
apparent that multipinhole imaging is been used with great
success in small animal imaging, surpassing the spatial
resolution and detection efficiency of parallel-hole colli-
mation.
For clinical imaging, multipinhole radionuclide imaging

has its historical roots in coded aperture techniques first
investigated for small organ imaging in the 1970s by
pioneers such as Rogers and colleagues (18–20) and Barrett
and coworkers (21–23). A practical innovation was intro-
duced by Vogel et al. (24), who performed clinical MPI
using a 7-pinhole collimator. This technique and other
forms of longitudinal tomography were popular for clinical
MPI in the 1980s (25–29), but interest waned with the
advent of rotational tomography and reasons such as the
following (30,31):

(a) Angular undersampling. The 7-pinhole collimator
provides only 7 angular samples, which is not
sufficient to sample the heart completely, and can
produce artifacts in the reconstructed image, including
image distortions and a loss of spatial resolution in
longitudinal direction of the heart.

(b) Image quality. Because modern reconstruction algo-
rithms were not available and the computing power
was limited when the 7-pinhole technique was devel-
oped and being assessed clinically in the 1980s, a
simplified reconstruction algorithm (ART) was used,
which limited the overall image quality.

(c) Clipping. The multipinhole collimator must be
aligned properly to obtain complete projections of
the heart from all 7 views. Improper positioning of the
patient in relation to the collimator leads to ‘‘clipping’’
of the myocardial projection data, which can produce
truncation artifacts in the reconstructed images.

These shortcomings have impeded the full potential of
cardiovascular multipinhole imaging. In this study we have
improved angular sampling of the heart with the multipin-
hole collimator by increasing the number of camera posi-
tions from 1 view (stationary single detector) to 2 views
(stationary dual detector) and 4 views (2 positions of a
dual-detector camera).
Multipinhole collimation also offers the possibility of

improving spatial resolution to submillimeter levels as has
been shown very impressively for the small animal imaging
systems. This is important because we anticipate that these
imaging systems will be required to capture important new
clinical information from new molecular imaging probes
now under development (12,32–34).

MATERIALS AND METHODS

We have evaluated a 9-pinhole collimator, which had a design
similar to that used in the 1980s for longitudinal tomography of
the heart and which is described in more detail in the Experi-

mental Setup section. Our goal in this study was to compare the
spatial resolution and efficiency of this collimator experimentally
against that of a standard parallel-hole collimator. We also ac-
quired projection data of an anthropomorphic heart phantom with
both collimators using standard protocols—for example, a single-
detector angular view with the 9-pinhole collimator to assess the
quality of myocardial images. Finally, we evaluated the 9-pinhole
collimator using computer simulation to evaluate image quality
as a function of increased angular sampling obtained by additional
detector views around the phantom to evaluate acquisition geom-
etries beyond those tested using the experimental phantom studies.

Computer Simulations and Reconstruction Algorithm
We simulated projection data using a ray-tracing program based

on a pixel-driven projector developed in our laboratory. Measured
and simulated data were reconstructed with a maximum-likelihood
expectation maximization (MLEM) reconstruction algorithm,
which was implemented using the pixel-driven projector and a
backprojector.

A 3-dimensional matrix (voxel space) contained actual or sim-
ulated digitized phantom data as digital phantoms. The positions of
the detector and themultipinhole collimator were defined relative to
the origin of the voxel space. The configuration of the multipinhole
collimator was recorded as a matrix that tabulates the geometries of
the individual pinholes (e.g., pinhole diameter, angulation, opening
angle, and attenuation characteristics) defined as parameters. Spe-
cific information describing the detector configuration, including its
intrinsic spatial resolution and pixel format, alsowas specified along
with the desired statistical accuracy of the data, the angular sam-
pling, and distance from the multipinhole collimator to the center of
the voxel space.

Projection data then were generated as projections from individ-
ual voxels through the pinholes of the multipinhole collimator. In
these projection calculations, we accounted for the angular accep-
tance of the pinhole and the voxel-to-pinhole distance. In addition,
the point spread function of the pinhole response was derived
numerically. As a last step, the data were convolved to model the
intrinsic spatial response of the detector.

We validated our computer simulation against experimental
data—for example, using a 5 · 5 planar array of 1.5-MBq point
sources with 2-cm spacing. The array was imaged with a pinhole
collimator for 130 s at a distance of 8.6 cm from the surface of the
collimator. We compared the experimental count profiles with
those in the simulations. The peak heights in the experimental data
vary slightly due to variations in the activity of the different point
sources, but overall the simulated point spread functions describe
the centroid positions and the full widths at half maximum
(FWHMs) of the experimental data to within 25%.

Experimental Setup
A custom-made 9-pinhole collimator (Fig. 1A) was mounted on

a standard g-camera (e.g., Philips Argus) using a standard Philips
collimator collar. The collimator was designed to provide 9
simultaneous projections of the myocardium that are packed
efficiently onto the 50 · 38 cm2 active area of the detector surface
(Fig. 1B). The pinholes were about 12 cm from the detector face
and were arranged in a rectangular array on a pinhole plate with an
area of 30 · 20 cm2. The pinholes had a diameter of 8 mm and
were oriented such that the central rays of the pinholes intersected
at a focal point at a distance of 31.5 cm from the detector surface.
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The data were acquired in list mode using a Philips (Atlas)
acquisition station and were transferred to a desktop computer.

Use of the 9-pinhole collimator required calibrations for pin-
hole placement and for uniformity. To calibrate the system for
pinhole placement, a point source was positioned at the pinhole
focal point to produce 9 projections on the detector face that were
backprojected to calculate the intersection points with the colli-
mator plate. These intersection points determine experimentally
derived pinhole positions as calibration parameters for the recon-
struction algorithm. Furthermore, to correct for nonuniformities in
the detector, a uniformity map was derived from a flood phantom
placed in front of the multipinhole collimator. The uniformity map
was normalized with the total number of counts and divided on a
pixel-by-pixel basis to correct the projection data of the object for
spatial nonuniformities.

Comparison of Parallel-Hole Collimator and
Multipinhole Collimator

We compared the performance of the 9-pinhole collimator and
of a standard parallel-hole collimator in experiments intended to
(a) measure relative detection efficiency and (b) evaluate the
quality of images from an anthropomorphic torso phantom with
cardiac insert.

Detection Efficiency and Spatial Resolution. As noted earlier,
our goal was to demonstrate that the multipinhole method has the
potential to significantly improve detection efficiency without
sacrificing spatial resolution. We therefore measured the efficiency
and spatial resolution characteristics of the parallel-hole collima-
tor and the multipinhole collimator using 99mTc point sources.
These point sources had a diameter of 3 mm and were arranged
in a 5 · 5 array with 2-cm spacing. The array was placed at
10 different distances (from 4 to 20 cm) from the parallel-hole
collimator and the 9-pinhole collimator, respectively, to sample
the fields of view and, in particular, to sample the area where the
heart would be located in an imaging study. At each position, data
were acquired with the parallel-hole collimator and the 9-pinhole
collimator, respectively, for 130 s. The detection efficiency was
derived by integrating counts in the technetium energy window,
which was set at 25%, and by summing the counts in all detector
pixels. The spatial resolution was determined from the FWHM of
the detected point spread function. For the multipinhole collimator
the projection data of the center pinhole were used to determine
the spatial resolution. The FWHM was expressed in units of
millimeters in the reconstruction space.

The current 9-pinhole collimator and the parallel-hole collima-
tor have different spatial resolutions. Therefore, we have scaled

the pinhole data to match the spatial resolution of the parallel-hole
collimator.

The scaling procedure assumed that the spatial resolution of a
pinhole collimator depends on the diameter of the pinhole. Thus, a
smaller pinhole diameter leads to better spatial resolution. We
calculated a correction factor by which the pinhole diameters must
be reduced to match the spatial resolution of the parallel-hole
collimator. Because the efficiency of the pinhole collimator changes
as the square of the pinhole diameter, we scaled the measured
efficiency of the pinhole collimator by the square of the correction
factor. This procedure allowed us to compare the detection effi-
ciencies of both collimators at the same spatial resolutions.

Our measurements were performed with a standard low-energy,
general-purpose (LEGP), parallel-hole collimator. Because typical
MPI studies are performed with a low-energy, high-resolution
(LEHR) collimator, we also have compared the pinhole collimator
with the LEHR collimator by calculating an appropriate correction
factor using spatial resolution and efficiency values taken from
Philips product information (35).

Image Quality. We evaluated image quality by performing
standard imaging protocols with an anthropomorphic torso phan-
tom using a 9-pinhole collimator and a parallel-hole collimator.

The anthropomorphic torso phantom (Data Spectrum) had a
whole-body compartment with liver, lung, spine compartments, and
a heart insert. The heart insert consisted of a ventricular chamber and
a myocardial compartment with a separate fillable lesion having a
size of about 5% of the myocardial volume and which were filled
with 99mTc-pertechnetate according to the values tabulated in
Table 1 (36). The lesion was not filled with activity to simulate
conditions associated with myocardial infarction.

First, the phantomwas imaged for 15min using a standard energy
window for 99mTc by positioning the 9-pinhole collimator in its
normal 40� left anterior oblique position with the central view of the
collimator aligned with the long axis of the left ventricle. The data
were recorded, processed as described, and reconstructed using our
MLEM reconstruction algorithm.

For comparison, we also imaged this phantom using a LEGP
parallel-hole collimator following a standard rotational MPI proto-
col with 64 projections contouring the phantom across 180� (45�
right anterior oblique to 45� left posterior oblique) and 25 s per stop.
The projection data then were reconstructed using standard Philips
autoSPECT MLEM reconstruction software (12 iterations, filtered

FIGURE 1. (A) Experimental setup for multipinhole imaging of
anthropomorphic torso phantom. Camera position is at left
anterior 40�. (B) Simultaneously acquired projection data of
torso phantom with cardiac insert and with liver uptake with
9-pinhole collimator.

TABLE 1
Activity Distribution in NCAT Phantom and

Anthropomorphic Torso Phantom

Compartment

Activity concentration (MBq/mL)

NCAT

phantom

Anthropomorphic

phantom

Myocardium 1.11 · 10201 1.04 · 10201

Liver 1.03 · 10201 3.70 · 10202

Blood pool 2.96 · 10203 5.18 · 10203

Gall bladder 8.87 · 10202 N/A
Lung 5.91 · 10203 5.18 · 10203

Kidney 1.03 · 10201 N/A

Body (background) 2.96 · 10203 5.18 · 10203

N/A 5 not applicable.
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backprojection first estimate), with the resulting images inspected
visually for artifacts and deviations from the known geometry and
activity distribution of the phantom.

Increased Angular Sampling
As discussed earlier, the myocardium is not sampled sufficiently

using only one view of amultipinhole collimator.We therefore have
studied the effect of angular sampling on the image quality using our
simulation program for different angular sampling strategies using
the 9-pinhole collimator.

The simulation was performed with the described simulation
program using the digital NCAT phantom (37,38), which models a
realistic human geometry derived from MRI data of a normal
patient, including the influence of background activity in liver and
other organs.Cardiac and other organgeometries are parameterized,
allowing changes in the phantom geometry. However, all geometric
parameters have been used in standard configuration (37,38). A
lateral wall lesion close to the base with 100% reduced uptake was
introduced. Only one time frame of the heart cycle was generated
and used for the simulations. The activity distribution was chosen
according to Table 1 representing the standard activity distribution
in the NCAT phantom and with the myocardial activity scaled to
match that used in the anthropomorphic torso phantom.

We simulated 3 scenarios: (a) single view from left anterior 45�,
(b) 2 views from left anterior 45� and left posterior 45�, and (c) 4
views that included the 2 previous views and, in addition, 2 views
from 0� lateral and 90� anterior. The distance of the multipinhole
collimator from the center of the heart has been chosen to contour
the outline of the digital phantom. Attenuation and scatter of the
g-rays was omitted in this study. An acquisition time of 80 s per
view was simulated and produced approximately 6 · 106 counts
per view in the simulated projection data. Appropriate Poisson
noise was added to the data.

The simulated data were reconstructed with 100 iterations of the
MLEM algorithm developed in our laboratory. The reconstructed
images were evaluated using circumferential profile curves.

RESULTS

Comparison of Parallel-Hole Collimator and
Multipinhole Collimator

Detection Efficiency and Spatial Resolution. Projection
data of the 5 · 5 point source phantom yielded a spatial

resolution of the LEGP collimator of 10.0 mm at 10-cm
distance from the collimator. This value is in very good
agreement with a system resolution of 9.4 mm at 10-cm
distance as listed in the product information from Philips
(35). Furthermore, the spatial resolution of the 9-pinhole
collimator with 8-mm pinhole diameters is about 30%
worse than that for the LEGP collimator over the range of
the measured distances. Both collimators show degradation
of resolution with distance from the collimator face (Fig. 2)
at approximately the same rate. At a depth of 16 cm, both
collimators produce a FWHM greater than the 2-cm spac-
ing of the individual point sources.

As expected, the detection efficiency of the parallel-hole
collimator changes only slightly with distance. In contrast,
the measured efficiency of the 9-pinhole is relatively
constant for distances from 8 to 13 cm and then decreases
at distances of .13 cm. For distances of ,8 cm, the object
was not completely encompassed within the field of view of
all pinholes; these points have been omitted in the graph.

The significant advantage of the pinhole collimator is
apparent in Figure 2B, which shows that the efficiency for the
9-pinhole collimator is .10-fold higher but has a spatial
resolution 30% poorer than that of the LEGP parallel-hole
collimator. As discussed, the data can be compared more
directly by scaling the efficiency of the 9-pinhole collimator
for a smaller pinhole size to match the spatial resolution of
the parallel-hole collimator. The scaled efficiency is about a
factor 5 higher than that for the LEGP parallel-hole collima-
tor. Typically MPI is performed with a LEHR collimator,
which was not available for our experiment. However, using
Philips product information, we predict that a 9-pinhole
collimator with the same spatial resolution as a LEHR
collimator would have a 5-fold higher detection efficiency
(35).

Image Quality. The anthropomorphic torso phantom was
imaged with a parallel-hole collimator and a multipinhole
collimator to assess the image quality of both systems. The
comparison of the 2 reconstructed images shows that both
systems are capable of resolving the walls of the cardiac

FIGURE 2. Spatial resolution (A) and
detection efficiency (B) for LEGP parallel-
hole (d) and 9-pinhole collimator (r). )
depicts efficiency of 9-pinhole collimator
at same spatial resolution as parallel-hole
collimator. a.u. 5 arbitrary units.
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insert within the phantom (Fig. 3). Also, the liver uptake
and the cold myocardial lesion are well resolved in the
short-axis views of the reconstructions.
However, in comparison with the parallel-hole collimator,

the performance of a single view of the 9-pinhole collimator
exhibits a substantial loss in spatial resolution in the longi-
tudinal direction of the heart, and the myocardial lesion is
not well resolved in the long-axis views. Furthermore, the
myocardial image is distorted especially at the apex with the
9-pinhole collimator.Whereas the reconstructed image of the
parallel-hole collimator reproduces the round shape and
uniform activity of the apex, the reconstructed image of the
multipinhole collimator produces a pointed image of the apex
with nonuniform uptake. These artifacts are produced by the
limited angular sampling obtainedwith the stationary, single-
view multipinhole collimator, and reveal one reason why
rotational tomography with parallel-hole collimators is
widely used clinically. However, in our simulation studies,
we show that the artifacts and distortions associated with
stationarymultipinhole imaging can be substantially reduced
by acquiring projection data with multiple views of the
multipinhole collimator.

Simulated Projection Data of 9-Pinhole Collimator

Projection data from various angles have been simulated
using the digital NCAT phantom and were reconstructed to
evaluate the effect of increased angular sampling on the
quality of the images obtained with multipinhole tomogra-
phy.
The reconstructed images and slices of the digital phantom

are presented in Figure 4. The reconstructions from the
single-view, 2-view, and 4-view acquisitions resolve the liver
and both the right and the left myocardial walls. However, the
tomograms produced with a single view of the multipinhole
collimator have poorer image quality than those produced
from multiple-view acquisitions. For example, the single-
view acquisition produced a reconstruction in which the apex

has a pointed, rather than a rounded, shapewith a nonuniform
activity distribution and with a loss of spatial resolution in
longitudinal direction. For example, the left atrium is not
resolved and the defect is less pronounced compared with the
reconstructions with more views. These artifacts are very
similar to those observed in the experimental data (Fig. 3)
and underscore the validity of the simulation.

The reconstruction from 2 views shows considerable
improvement in terms of the image quality compared with
the reconstructions from a single view. The apex does not
show the pointed shape observed with 1 view and more
accurately reconstructs the shape of the digital phantom.
Slight nonuniformities are visible in the apex, but the images
overall are very well resolved. Reconstructions from 4 views
accurately exhibit a round apex as is visible in the digital
phantom and show improved spatial resolution in longitudi-
nal direction with improved lesion definition in the long-axis
view.

Figure 5 compares the circumferential profile curves
from a short-axis slice containing the lesion for the recon-
struction and from the corresponding slice of the digital
phantom. The profile curve of the 1-view reconstruction
follows that from the digital phantom reasonably well.
However, the curve overshoots its known values from the
phantom in 2 areas and the lesion appears as a 70% defect
consistent with the previously observed loss in spatial
resolution in longitudinal direction. Profile curves of the
2- and 4-view reconstructions track the profile curve of the
phantom with an accuracy error of 620%. The lesion was
reconstructed accurately in both cases with slightly
improved accuracy obtained from the 4-view versus the
2-view reconstruction.

We find that the image quality of the tomograms improves
with the number of views of the multipinhole collimator and
conclude that at least 2 views of the multipinhole collimator
are necessary to obtain image quality comparable with the
image quality obtained from parallel-hole collimators.

FIGURE 3. Reconstruction of projection data measured with parallel-hole collimator (A) and 9-pinhole collimator (B).
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DISCUSSION

MPI with rotational SPECT is a well-established and
important technique for diagnosis and risk stratification of
patients with CAD. Millions of studies are performed each
year, indicating the significant clinical need addressed by this
methodology. Despite its success, MPI SPECT and SPECT
in general are currently limited by detection efficiency in
conjunction with prolonged study times and relatively low
spatial resolution impeding even wider use of this approach.
Multipinhole imaging offers a potentially important step

toward the development of enhanced imaging systems for
myocardial perfusion SPECT that will combine high de-
tection efficiency with high spatial resolution.
Our study predicts that a multipinhole imaging system

can be built with spatial resolution comparable to that of
parallel-hole collimators but with 5-fold higher detection
efficiency. Although these results are very encouraging,
further experimental studies using multipinhole collimators
with matched spatial resolution are necessary.

However, the predicted higher detection efficiency should
shorten the acquisition times needed to perform MPI studies
from currently 15–20 min to 4–5 min, which thereby would
improve patient comfort and reduce the possibility of patient
motion during the examination (and thereby contribute to
improved image quality and diagnostic accuracy). The
improved detection efficiency could be used to shorten scan
time, to improve patient throughput, and would reduce the
cost of the procedure. We recognize that this is a preliminary
assessment and that further studies are necessary. In partic-
ular, noise propagation in the different reconstruction algo-
rithms, different collimator designs, and different angular
sampling characteristics certainly can have different noise
propagation characteristics. We therefore recognize that a
more careful investigation of the statistical characteristics of
the reconstructed images will be necessary to determine the
ultimate role of these different approaches in MPI.

As pointed out earlier, patient positioning is extremely
important for multipinhole imaging to avoid artifacts due to

FIGURE 4. (A) Activity distribution in NCAT phantom. (B) Tomogram reconstructed from 1 view of 9-pinhole collimator. (C)
Tomogram reconstructed from 2 views. (D) Tomogram reconstructed from 4 views.
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clipped views of themyocardium. Positioning procedures are
potentially very time consuming and could easily reduce the
predicted time advantage significantly. Successful imple-
mentation of multipinhole imaging in a clinical setting will
depend critically on how well these positioning procedures
can be optimized.
We have shown that increasing the angular sampling of

the heart will significantly reduce the severity of the artifacts
that arise from the classic single-detector multipinhole
technique. Our results qualitatively agree with a simulation
study of Koral et al. (39), who have shown as early as 1982
that adding an orthogonal view to a standard 7-pinhole
acquisition could significantly improve the image quality
and reduce the blurring along the long axis of the heart.
Although increased angular sampling improves the im-

age quality significantly, the ultimate challenge for multi-
pinhole imaging will be how well the diagnostic accuracy
(lesion detection performance) of MPI studies performed
with standard parallel-hole collimators can be matched or
exceeded. In particular, multipinhole imaging is more prone
to formation of artifacts because it inherently produces an
incomplete tomographic dataset. Another potential draw-
back of this technique is the limited field of view of the
multipinhole collimators. Background activity from other
organs, especially if this activity is not seen by all views,
could cause severe problems. Future work must address
these issues very carefully to guarantee that the diagnostic
quality of MPI is not compromised.
In the midst of these important questions, multipinhole

imaging presents the potential to significantly improve
patient care and management in a way that also may enable

us to perform novel acquisition protocols that cannot be
performed currently with parallel-hole collimators. For
example, dynamic imaging studies, such as tracer uptake
or clearance in the myocardium, are feasible using station-
ary detectors with multipinhole collimators that provide
sufficient angular sampling. We have shown that acquisi-
tion with 2 views produces tomograms with high image
quality. Data acquisition therefore could be performed with
a stationary dual-head camera, making it possible to per-
form time-dependent studies without moving or rotating the
camera during the acquisition.

Finally, as mentioned earlier, multipinhole collimators
can be designed to maximize spatial resolution and thereby
offer a potentially important approach of imaging radio-
labeled molecular agents. Our study indicates that spatial
resolution can be improved by at least 2-fold with the
current multipinhole collimator design at a detection effi-
ciency comparable to that of a parallel-hole collimator and
therefore could improve the use of novel molecular imag-
ing agents in situations in which improved spatial resolu-
tion is crucial.

CONCLUSION

SPECT is an important clinical method for performing
MPI and its significance likely will increase with the advent
of new and novel molecular imaging agents. For that reason
it is desirable to improve the detection efficiency of SPECT
at comparable or higher spatial resolution than SPECTwith
conventional parallel-hole collimators. In this study, we
have shown that multipinhole MPI has significant potential
for improving detection efficiency and spatial resolution
and, in this way, offers significant promise for meeting the
challenges and expectations in the age of molecular imag-
ing and multimodality imaging techniques. This approach
also facilitates the process of imaging dynamically chang-
ing radionuclide distributions.

The work presented here describes a means to increase
the detection efficiency of myocardial SPECT. We have
compared the image quality and detection efficiency of a
stationary multipinhole imaging system with a rotating
parallel-hole collimator and find that the detection effi-
ciency of an multipinhole imaging system is about a 5-fold
higher with the same spatial resolution as a LEHR parallel-
hole collimator. Traditionally, multipinhole MPI has been
performed with a single view using a 7- or 9-pinhole col-
limator, which incurs artifacts due to undersampling. The
work presented here shows in computer simulations that
performing multipinhole imaging with 2–4 views can
significantly improve the quality of the reconstructed image
from that obtained with just a single view.

Therefore, we conclude that multipinhole MPI offers
significant advantages over rotational SPECT with conven-
tional parallel-hole collimators. Therefore, it is worthwhile
to further investigate multipinhole collimators for tomo-
graphic MPI of single-photon radiopharmaceuticals.

FIGURE 5. Circumferential profile curves for slice 36 of digital
phantom and reconstructed images with 1, 2, and 4 views.
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