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ABSTRACT Introduction: This study aims to explore clinical values and possibilities of heart artifact elimination for
patients who underwent SPECT myocardial perfusion scintigraphy. The main focus is on nuclear medicine technologists
and their knowlodge of the new technologies developed in nuclear cardiology. Methods: A qualitative descriptive
study, review article has been performed for this research. Pubmed, Web of Science, and Embase were searched using a
predefined electronic search strategy. Eighteen studies were deemed eligible for this systematic review. Results: Based on
the literature we found average age for the patients with coronary artery disease is 59.69 years for women and 57.39 yeras
for men. False positive findings, blurred images, respiratory artifacts and sinogram and linogram interruption is very
often, especially with patients with irregular breathing cycles, fear of the reasults, anxiety and patients with high BML
Many studies performed on phantoms or on patients suggest image artifacts can be reduced or even eliminated with
the new scanning methodology, software application upgrade, and with right nuclear medicine technologist education.
Conclusion: Coronary artery disease can affect men and women equally so the best diagnostic modality is essential
for adequate treatment. Interruption of sinogram or linogram, truncation of the heart and blurred image is the first
sign artifact of the image. Essential and the first step of every cardiac proccesing software is sinogram and linogram
inspection combined with motion correction evaluation of the raw images. New technologies can improve image quality
which can increase sensitivity and specificy of myocardial perfusion scintigraphy in all patients.
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disease

ischemia is occurring. ACS encompasses the following clini-
cal entities: unstable angina (UA), non-ST segment elevation
myocardial infarction (NSTEMI) and ST-segment elevation my-
ocardjial infarction (STEMI). The most common mechanism for
acute myocardial ischemia represents coronary artery plaque
rupture that results in thrombosis and leads to either partial or
complete occlusion of the coronary artery. [1]

Introduction

Coronary artery disease is a significant public health problem
and the leading death cause in the world. Effective assessment
of coronary artery disease is a big problem in clinical practice.
Acute coronary syndrome (ACS) is one of the manifestations
of ischemic heart disease. The term is used to describe any
constellation of symptoms that suggests that acute myocardial

The estimated prevalence of coronary artery disease in the
USA, including myocardial infarction (MI), is around 6% of
the population.[6] In 2008, a report stated the incidence rate of
STEMI in the USA was about 50 per 100000 and showing a de-
creasing trend when compared to earlier years. National registry
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of MI reported 2.5 million cases of MI between 1990 and 2006
and additionally demonstrated an increase in the proportion of
the cases caused by NSTEMI from 14.2% to 59.1% during the
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registry timeframe. [1]

Coronary artery disease risk factors

The Comparative Risk Assessment (CRA) Study showed that
CVD risk factors such as elevated blood pressure and smoking
were among leading causes of mortality and morbidity in the
world, with a large share of their health burden borne by low-
and middle-income countries. The study also quantified the
combined (joint) burden of multiple risk factors, accounting for
the overlaps among their effects [2]. The joint effect analysis
showed that nearly 80% of deaths from IHD and almost 70%
of deaths from stroke in the world were attributable to a small
number of physiological and behavioral risk factors including
high blood pressure, high serum cholesterol, smoking, high
body mass index (BMI), alcohol use, low intake of fruits and
vegetables, and physical inactivity [3].

Coronary artery disease diagnostic modalities

Laboratory examinations enable risk factors diagnosis such as
hyperlipoproteinemia, high glucose levels, anaemia, hyperten-
sion, hyperthyreosis etc [4]. Electrocardiography (ECG) can
discover scar from myocardial infarction, left branch bundle
block (LBBB), left ventricular hypertrophy etc. Normal ECG
finding can exclude coronary disease [5]. The cardiac stress
test is a routine method for angina pectoris and ischaemia ex-
tent detection [6]. 24-Hour Holter monitoring is a very useful
method for coronary insufficiency [5]. Echocardiography (US)
can discover damaged regional contractility, other anomalies
and diseases combined with heart disease. This method does not
use ionising radiation thus can be repeated many times. With
echocardiography we can diagnose congenital heart anomalies,
acute myocardial infarction, cardiomyopathy, pericardial dis-
eases etc, [7].

Computed tomography (CT) is widely used for assessment
of the coronary arteries before and after therapeutic intervention.
This method can detect calcifications in the coronary arteries
with the calcium score applications. Multi-Detector Computed
Tomography Coronarography (MDCT) enable precise stenosis
position and is very useful for follow-up of the patients [7].

Magnetic Resonance Imaging (MRI) does not use ionising
radiation, and it is suitable for children and young people. MRI
is not so much in use comparing to CT the US. A significant ad-
vantage of MRI is in the possibility of follow-up of the congenital
heart anomalies. Duration of the heart MRI exam is longer com-
pared to CT and US, so adequate clinical indication is needed
for the best outcome [7].

Coronary catheterisation is the only method for in vivo vi-
sualisation of the coronary arteries. The significant advance of
coronary catheterisation is possibility of Percutaneous Coronary
Intervention (PCI) [8].

Technological advances in the last 30 years now allow di-
rect, real-time measurement of coronary flow and pressure in
individual patients and this data can be applied directly at the
time of coronary angiography to guide treatment of individual
atherosclerotic lesions [9].

Myocardial perfusion scintigraphy (MPI)

Myocardial perfusion scintigraphy (MPS) using single-photon
emission computed tomography (SPECT) with radiopharmaceu-
ticals is widely used for non-invasive diagnosis of obstructive
CAD. MPS provides comprehensive information on myocardial

perfusion, regional and global left ventricular function that pro-
vides incremental diagnostic and prognostic information. MPS
evaluate regional myocardial perfusion as well as giving infor-
mation about functional parameters such as transient ischemic
dilation (TID), extent of perfusion defect, etc [10].

In patients with established CAD, MPS has an essential role in
the evaluation of symptoms suggestive of myocardial ischemia,
and can also assess the risk of non-fatal myocardial infarction
and cardiac death. Although the value of quantification of
ischemia has been the subject of debate in recent years, it is
undeniable that in clinical practice it can assist in therapeutic
decision-making [11].

G-SPECT imaging technique

Gated myocardial perfusion SPECT (G-SPECT) is considered as
one of the best techniques for the combined evaluation of the
myocardial perfusion and the left ventricular ejection fraction
(LVEF) within a single study. Sufficient count density in the ciné
frames is necessary for best myocardial perfusion images quality
and G-SPECT synchronized with the subject’s electrocardiogram
(ECQG) to identify the temporal phases of the cardiac cycle. The
variation in the cardiac cycle duration may cause fluctuation of
the adjacent frames count, which compromises the quality of the
perfusion image and decreases the left ventricle ejection fraction
(LVEF) accuracy [12].

Image artefacts on g-SPECT due to irregular heart pulse

Irregular heart pulse can cause wrong ejection fraction results
during g-SPECT study. These artefacts are common for patients
with atrial fibrillation, extrasystoles and low R-wave voltage.
Low R-wave causes low sensitivity and in final errors in gated
series [13].

Respiratory and patient motion can also have a degrading
effect on SPECT images, and several recent studies proposed
techniques for mitigating these effects. As image resolution
increases with advances in image hardware and software recon-
struction, heart motion becomes the dominant degrading factor
in MPS [14]. Truncation artefact is usually seen in obese patients
who may deviate from a <-ray detector field. The deviation
of the body in the limited detector field sometimes causes the
truncation of the left ventricle and low image quality. When the
doctors read the SPECT images and technologists inspect the
image quality, the recognition of raw projection datasets and the
reconstructed axial image is useful for avoiding artefacts [15].

Materials and Methods

A qualitative descriptive study, review article has been per-
formed for this research. Pubmed, Medline and Embase were
searched using a predefined electronic search strategy. Eigh-
teen studies were deemed eligible for this systematic review.
This brief review covers the latest technological prospects in
the elimination of artefacts on myocardial perfusion imaging
with single-photon emission computed tomography (SPECT),
We focus on the new types of hardware, and several software
approaches recently introduced to clinical practice and describe
various new imaging protocols made possible by these hardware
developments.
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Results
Patient motion

Despite advances in radiopharmaceuticals (99mTc-based) and
instrumentation (gated SPECT on multiple-detector gantries),
patient comfort is still problematic. Patient motion often occurs
because of patient discomfort. The patient may have difficulty
with hyperextension of the arms because of arthritis, weakness,
fatigue after a stress test, previous surgery to the shoulders, or a
general lack of fitness, flexibility, or cooperation. Anxiety about
the procedure and the possible outcome can also cause the pa-
tient to move. A review of the literature reveals that patient
motion has been reported in 10%—26% of clinical SPECT my-
ocardial perfusion studies [16]. Respiratory and patient motion
can also have a degrading effect on SPECT images, and several
recent studies proposed techniques for mitigating these effects.
As image resolution increases with advances in image hardware
and software reconstruction, heart motion becomes the domi-
nant degrading factor in MPS. Respiratory motion correction
can be applied to conventional dual-head systems by modelling
of approximate motion. Dual respiratory/cardiac-gated MPS
imaging has been demonstrated in phantoms, and in patients
showing progressive improvement of the myocardium to blood
pool contrast when respiratory and cardiac dual gating was
applied [14].

In the past two years, these new hardware systems and re-
construction techniques have been utilised clinically to reduce
patient imaging time and radiation dose. Typically, these studies
have been validated by comparing to studies performed with
the same injected dose during the same patient visit on a conven-
tional dual-head SPECT camera. Data were analysed by blinded
visual or by quantitative analysis. Several of these studies com-
bined data from multiple centres [17]. Based on the results of
the study " Incidence and Characterization of Patient Motion in
Myocardial Perfusion SPECT: Part 1" among the 800 studies ana-
lyzed, motion was seen in 36% (288/800; 95% ClI, 32.7%—-39.3%),
of which 126 were rest studies, and 162 were stress studies. In
55% (220/400) of patients, motion was seen in at least one of
their studies (95% CI, 50%-60%). In 14.5% (58/400) of patients,
motion was seen in the rest study only; in 23.5% (94/400), in the
stress study only; and in 17% (68/400), in both the rest and the
stress studies [16].

Attenuation correction

Attenuation and Compton scattering of emitted photons are
the main factors that limit the quantitative accuracy of single-
photon emission computed tomography (SPECT). Although no
analytically exact solution to the attenuation problem has been
found, sufficient accuracy can be achieved using transmission
measurements, particularly when combined with iterative cor-
rection techniques. Various scatter compensation methods have
also been described, but few have addressed the complex scatter-
ing problem in objects with heterogeneous density such as the
thorax [18]. Attenuation correction has been widely carried out
using transmission computed tomography (TCT) scanning, with
several mechanical configurations such as rotating rod sources
fitted with parallel-beam collimator systems, and a single rod
source placed at the focal line of the asymmetrical fan-beam
collimator. It has been demonstrated that TCT data can also
be used for scatter correction and that when coupled with ki-
netic analysis, the overall accuracy of reconstructed SPECT im-
ages is sufficiently high for quantitation of various physiological

functions in the thoracic region and also in the brain. Several
dedicated TCT systems developed by different manufacturers
have resulted in improved diagnostic accuracy. Use of breath-
hold CT attenuation maps at end inspiration and middle phases
for attenuation and scatter corrections demonstrated accurate
quantitative images in cardiac SPECT/CT studies [19].

Patient preparation and anxiety as a degrading factor of
image quality

The patient’s anxiety has been considered another cause of the
patient’s psychological and physical discomfort and thus con-
tributing to the patient’s motion during MPI and other imaging
modalities. The careful visual review of projection images is
considered the best way to identify any presence of motion.
Moreover, the interobserver reliability of more than 90% in lit-
erature and the intraobserver reliability of more than 96% in
our study are following the high visual motion assessment re-
producibility. Visual inspection is a widely acceptable method
for detecting vertical body displacements (parallel to the axis of
gantry rotation) even in the order of 3.25 mm (corresponding to
half pixel in our study) rather than lateral body displacements
(perpendicular to the axis of rotation and detected as a fraction
of the actual motion in the particular projection). Several reports
suggest that vertical motion is the most common type of mo-
tion with greater likelihood in producing clinically significant
artefacts [20].

New strategies in motion elimination

To minimise artefacts and obtain high-quality diagnostic images,
quality control of the SPECT camera is requisite. Daily uni-
formity 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 artefacts are run, there may be
discrepancies in the final results because of some unexpected
system error. The sinogram or linogram in the final printout can
provide valuable information about COR, patient motion, and
off-peak artefacts. Therefore, the sinogram and linogram should
be reviewed by the operator to check for motion artefacts [21].

The technologist performing the study should ensure that the
patient is relaxed and comfortable before the start of acquisition
to limit the possibility of motion throughout the scan. Observa-
tion of the patient during the acquisition is also recommended
to ensure that the patient remains still. Prone imaging may also
be introduced to reduce patient motion. In addition to taking
steps before and during the acquisition to limit patient motion,
the technologist must review the raw data in cine mode after-
wards to assess for motion. A decision must then be made as to
whether additional steps are required [22].

Kortelainen et al. in study "Effect of respiratory motion on car-
diac defect contrast in myocardial perfusion SPECT: a physical
phantom study" performed on the phantom showed respiratory
motion could damage myocardial images. Correction for respira-
tory motion in myocardial perfusion imaging requires sorting of
emission data into respiratory windows where the intra-window
motion is assumed to be negligible. However, it is unclear how
much intra-window motion is acceptable. This study aimed to
determine the optimal value of intra-window residual motion.
They suggest the intra-window respiratory motion should be
limited to 2 mm per window to effectively correct for respiratory
motion blur [23].
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The results of the study "Effects of Motion, Attenuation, and
Scatter Corrections on Gated Cardiac SPECT Reconstruction”
showed use of temporal processing in reconstruction (Methods
1,4, and 5 above) could significantly improve the reconstructed
myocardium in terms of both error level and perfusion defect
detection. In low-count gated studies, it can have even more
significant impact than other degrading factors. The results
demonstrate that both attenuation and scatter corrections can
lead to reduced error levels in the myocardium in all methods;
in particular, with 4D the bias can be reduced by as much as
four-fold compared to no correction Correction for degrading
factors such as resolution, attenuation, scatter, and motion blur
can all lead to improved image quality in cardiac gated SPECT
reconstruction. However, their effectiveness could also vary
with the reconstruction algorithms used. Both attenuation and
scatter corrections can effectively reduce the bias level of the
reconstructed LV wall, though scatter correction is also observed
to increase the variance level [24].

Phantom study "Correction of hysteretic respiratory motion
in SPECT myocardial perfusion imaging: Simulation and patient
studies" showed respiratory motion (RM) impact on the quality
of images. Authors suggest use of Bouc-Wen (BW) model in the
process of elimination of respiratory artefacts. Further clinical
studies need to be performed for better results [25].

Parker et al. in the study "Respiratory motion correction in
gated cardiac SPECT using quaternion-based, rigid-body regis-
tration" presented a new method for correction of respiration-
induced cardiac motion using a rigid-body model with a rota-
tion matrix parametrized by a unit quaternion. The method
minimizes an image-registration function using an optimized
conjugate gradient routine. The implementation uses no user-
defined input parameters or prior terms, simplifying the use
of the method in a clinical setting. Images corrected with the
quaternion-based motion estimate were found to be more simi-
lar to images corrected with the known, true motion compared
to uncorrected images on both phantom and simulated data.
The ejection fraction calculated from images corrected with the
method demonstrated a 6% improvement in accuracy over un-
corrected images. They have also tested this method on humans.
The corrected images have increased uniformity and decreased
motion blur in areas of the myocardium running perpendicu-
lar to the axial direction. Furthermore, the method was shown
to be relatively insensitive to changes in segmentation and ex-
tramyocardial activity level, an essential requirement for clinical
use. This method shows potential, but for the future clinical use
further testings are needed [26].

Combination of multi-slice CT and SPECT systems has been
shown to result in accurate reconstruction in myocardial stud-
ies. A problem, however, has been noted when applying CT
information to attenuation correction in the thoracic region [27].
Previous studies have demonstrated improvements in diagnos-
tic accuracy when applying corrections for both attenuations and
scatter. Attenuation correction has been widely carried out uti-
lizing transmission computed tomography (TCT) scanning, with
several mechanical configurations such as rotating rod sources
fitted with parallel-beam collimator systems, and a single rod
source placed at the focal line of the asymmetrical fan-beam
collimator. TCT data can also be used for scatter correction, and
that when coupled with kinetic analysis, the overall accuracy of
reconstructed SPECT images is sufficiently high for quantitation
of various physiological functions in the thoracic region and
also in the brain. Use of breath-hold CT attenuation maps at

end-inspiration and middle phases for attenuation and scatter
corrections demonstrated accurate quantitative images in car-
diac SPECT/CT studies. This technique might apply to routine
clinical study. Quantitative assessment of absolute MBF and
coronary flow reserve in clinical settings would be an additional
potential application [28].

Conclusion

According to our results, myocardial perfusion scintigraphy is a
valuable non-invasive diagnostic modality for coronary artery
disease. Improved equipment, scanning technique, new radio-
pharmaceuticals knowledge can increase sensitivity and speci-
ficity of this imaging modality. A major novelty in basic method-
ology is introduction of CT in SPECT technique for SPECT/CT
myocardial perfusion scintigraphy. Phantom and clinical stud-
ies around the world are focused on respiratory and cardiac
motion management, attenuation and scatter elimination and
improvement of image quality. The first results are encouraging.
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