An Investigation of a Sinogram Discontinuity
Artifact on Myocardial Perfusion Imaging
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Our purpose was to find out the cause of an unusual distinct
break seen on a patient’s sinogram despite within-tolerance
results on all quality assurance tests during myocardial perfusion imaging (MPI) and corrective measures. Methods: SPECT
quality control is a prerequisite to obtaining high-quality diagnostic images. Daily uniformity and energy-peaking tests and
weekly center-of-rotation (COR) tests are run to check the performance of the SPECT system. A distinct break in the sinogram of an MPI study was noticed for 1 patient, despite routine
quality control tests that showed the system to be well within
tolerance limits. Critical inspection of the g-camera revealed
that the 2 detector heads did not make complete contact with
each other at a 90 position and that a gap of as much as 10.0
mm was left between the 2 edges of the detectors even though
COR testing showed the system to be within tolerance limits.
After this gap had been minimized (210-mm position), the MPI
study of this patient was repeated. Results: Reduction of the
gap between detectors corrected the sinogram discontinuity.
On the MPI study, the break in the sinogram existed because
the 2 detectors were not acquiring the data at the same position
in their useful fields of view. When one of the detectors was
tilted to exactly 45, the gap was reduced and the data were
acquired at the same useful field of view for both detectors.
Conclusion: The sinogram artifact may arise even after perfect
COR calibration, and in the reported case, the discontinuity in
the sinogram was rectified by correcting the angle of the detectors. Meticulous investigation for artifacts must be performed
to minimize the probability of false results.
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yocardial perfusion SPECT is one of the most common imaging techniques used in nuclear medicine to study
cardiac function. Technical and patient-related issues that
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arise during SPECT studies can cause artifacts, which may
lead to false scan results that can reduce diagnostic accuracy. Unexpected or transient faults in g-camera function
may also result in image artifacts. Many of these artifacts
are difficult or impossible to recognize without reviewing
the sinogram or linogram and may lead to an incorrect
interpretation. Therefore, before image processing, raw
data usually are reviewed for image quality and patient
motion. Image artifacts may appear because of multiple
factors, such as patient motion, a shift in the center of
rotation (COR), misalignment of the projection frame, differential attenuation in the body, or an unstable photopeak.
Before data acquisition, it is also important to visually
check the energy window in spectral display mode with
the radionuclide to be imaged. In addition, review of the
raw images in cine mode may show a flip-flop or flickering
pattern dependent on the frequency of the images that have
a loss of counts. Review of raw data and sinograms is
essential to ascertain the integrity of the SPECT projection
data (1).
COR misalignment may also result in image-blurring
artifacts in SPECT. Greer et al. reported that the degree of
blurring depends on the magnitude of the spatial misalignment of mechanical and electronic COR (2). Therefore, COR calibration is required if distinct discontinuity
between the 2 halves of the sinogram is noticed in a myocardial perfusion study. Otherwise, the discontinuity will
mimic perfusion defects, an apparent hot spot in the septal
region, and flaring from the anterior wall. Regional myocardial perfusion artifacts similar to the problem with COR
can also occur if one detector is tilted on a variable-angle
multihead camera, because the detector heads will not record exactly the same images (3).
In SPECT, data are acquired over a relatively long time,
and during this period the patient might move, resulting in
motion artifacts. These motion artifacts can cause quantitative and qualitative image artifacts, which degrade the
reconstructed images (4–8). Different methods have been
proposed for detection and correction of motion in SPECT
studies. One is a motion correction method based on crosscorrelation of linograms or sinograms in SPECT (9).

SINOGRAM DISCONTINUITY ARTIFACT • Kheruka et al.

25

This report highlights a case in which SPECT qualified
all the quality control tests but discontinuity in the sinogram was present on myocardial perfusion SPECT. The
discontinuity remained inexplicable and persisted in each
acquisition.
CASE REPORT

FIGURE 1.

Sinogram showing distinct discontinuity.

Artifacts can also be caused by an unstable photopeak
position due to spontaneous malfunction of the g-camera.
This transient photo peak or window shift can be identified
on the sinogram image in the final printout of the myocardial perfusion SPECT examination (10).
If there is a timing conflict during data transfer from one
computer to another, the computer may produce the discontinuity in the sinogram. A check of the integrity of data
transfer is always essential.
To minimize artifacts and obtain high-quality diagnostic
images, quality control of the SPECT camera is requisite.
Daily uniformity and energy-peaking tests and weekly
COR tests must be run to check the performance of system.
However, even if all standard tests for various artifacts are
run (11,12), there may be discrepancies in the final results
because of some unexpected system error. The sinogram or
linogram in the final printout can provide important information about COR, patient motion, and off-peak artifacts.
Therefore, the sinogram and linogram should be reviewed
by the operator to check for motion artifacts (13).

FIGURE 2.
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Myocardial perfusion imaging (MPI) studies were performed as per standard guidelines on a dual-head SPECT/
CT g-camera (Hawkeye 4; GE Healthcare) with low-dose
CT for attenuation correction. Raw datasets were screened
for any patient- or instrument-related artifacts. Only after
every possibility of artifacts had been ruled out was further
reconstruction of raw images performed (14).
The dual-head SPECT g-camera was well calibrated, and
the results of all quality control tests were within normal
limits.
A distinct break in the sinogram was encountered in all
studies (Fig. 1). An area of decreased tracer activity was
noted in the apical region, along with a hot spot in the
inferior wall (Fig. 2), and wall motion was normal. No
improvement in apical activity was noted even after attenuation correction. The same pattern was noted in subsequent patients. Suspicion of some systemic error in the
g-camera was raised, and routine quality control tests were
repeated to rule out calibration and COR errors (15). As all
the results were well within tolerance limits, it was clear
that this artifact was due to some other, unfamiliar, problem. Critical inspection of the g-camera revealed that the 2
detector heads did not come into complete contact with
each other at the 90 position. A significant gap, 10.0 mm,
was observed between the edges of the 2 detectors; on minimization of this gap (210-mm position), quality control
testing, including the COR calibration test, showed the device to be within tolerance limits. The MPI study was repeated on the same patient, and the artifact was found to

Sinogram showing hot spots in inferior region and low count in apical region.
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FIGURE 3.

Normal sinogram showing uniform horseshoe-shaped myocardium.

have been corrected. The previously noted discontinuity in
the sinogram had disappeared; perfusion in the apical region was normal, and the hot spot in the inferior wall had
cleared (Fig. 3).
Because the gantry calibration software has a tolerance
limit of 110 to 210 mm between the 2 detectors, the COR
was perfectly within tolerance. For MPI studies, both detectors automatically tilt at 45 (one clockwise and the other
counterclockwise) to make the L shape. In this case, one of
the detectors was stopping before completing the 45 tilt,
resulting in a gap between the 2 detectors. Thus, a break in
the sinogram was being observed on MPI studies, as the 2
detectors were not acquiring the data at the same position in
the useful field of view. When one of the detectors was
tilted to exactly 45, the gap between the detectors was
reduced, and data were acquired at the same useful field
of view for both detectors.
DISCUSSION

Myocardial perfusion SPECT is a sensitive tool for the
assessment of coronary artery disease. Misinterpretation of
a study due to artifacts may lead to a drastic change in
patient management. Therefore, it is important to identify
errors and minimize false-positive findings. Artifacts may
be introduced by errors in equipment, pharmaceutical
preparations, reconstruction of images, patient motion,
and other factors. A meticulous investigation for artifacts
must be performed when a study is being interpreted. It is
important for a nuclear medicine specialist to recognize
and rectify errors. To do so, the specialist must understand
the MPI process and the steps within that process during
which errors, artifacts, or pitfalls can be generated and
corrected.
To ensure good-quality images, steps must be taken on
a regular basis to ensure that the g-camera is performing

optimally. Some tests need to be performed only monthly or
weekly, but other tests, such as uniformity, need to be performed early on the day of the study. Before beginning the
patient study, one needs to ensure that the camera has passed
all the daily tests and has been corrected for any discrepancy.
Even after adequate calibration of a g-camera, artifacts
may occur because of patient motion during data acquisition (6), potentially increasing the rate of false-positive
findings. Several authors have reported degradation of image quality due to patient motion and violation of COR
(16–19).
When nonuniformity is considered to be a possible image
artifact caused by a violation of COR, it is recommended
that the COR calibration be repeated to resolve the problem. However, in the reported case, the artifact persisted
even after the COR had been determined to be perfect. On
investigation, the fault could be rectified.
CONCLUSION

Error identification is essential to minimize false-positive
findings. A meticulous investigation for artifacts must be
performed during the interpretation of a study. Sinogram
artifacts can arise even after perfect results are obtained on
quality control tests (COR calibration). In the reported case,
the discontinuity in the sinogram was rectified by correction
of the angle of the detectors.
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