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Abstract

Background and objective: Myocardial Perfusion Imag-
ing (MPI) is one of the successful techniques for the diagno-
sis of cardiovascular disease in both developing and devel-
oped countries. In this imaging technique, like other imaging 
techniques, there is the possibility of error and unintended 
side effects such as artifacts that can be associated with the 
device, user, and patient factors. Our study aims to assess 
the prevalence of artifacts in myocardial perfusion scans in 
patients with chronic renal failure and liver cirrhosis.

Methods: In a cross-sectional study in 2019, 90 male pa-
tients aged 45-65 years, who were referred to the Nuclear 
Medicine Department of Namazi Hospital, were divided 
into three groups of 30. Thirty patients with chronic renal 
disease, 30 patients with liver cirrhosis, who were a candi-
date for transplantation, and the control group was consid-
ered as the third group. Anterolateral, septal, and infarct 
artifacts were evaluated in all three groups and were docu-
mented by a nuclear medicine specialist.

Results: In this study, 20 (22.2%) of the patients who 
had a septal cardiac perfusion scan had artifacts, including 
14 (46.7%) patients with chronic kidney disease, Four pa-
tients (13.3%) had liver cirrhosis and 2 (6.7%) controls. The 
prevalence of artifact prevalence in anterolateral cardiac 
perfusion scan was 22 (24.4%), including (20%) 6 patients 
with liver cirrhosis and 14 patients (46.7%) with chronic 
kidney disease and also two patients (6.7%) were in the 
control group. The frequency of inferior cardiac perfusion 
scan artifacts was 30 (33.3%), which included 18 patients 
(60%) with liver cirrhosis and four controls (13.3%), while 
the prevalence of artifacts in patients with chronic kidney 
disease was 8 (26.6%).
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Introduction

Cardiovascular disease is widely known as one of the most 
common diseases in developing and developed countries. 
In 2002, the American Heart Association reported 62 million 
Americans with cardiovascular disease, of which 32 million 
were women, and 30 million were men [1].

 Besides, the damage caused by absenteeism and injury to 
the economy is very severe. Regardless of economic issues, the 
disease also has social and health consequences worldwide 
[2]. 

Given these issues, serious research on secondary preven-
tion is an essential measure and has not yet been undertaken 
in research. There is no doubt that the first important step in 
the second level prevention is screening and recognizing the pa-
tients before severe disabilities occur [3].

Chronic renal failure (CKD) is a progressive and irreversible 
destruction of kidney function due to environmental and ge-
netic causes [4,5]. The primary cause of CKD in adults is diabetic 
nephropathy and hypertension, whereas In children with CKD, 
hereditary, or congenital kidney disorders account for about 70-
60% [5]. Due to a decrease in glomerular filtration rate, nephrons 
lose their function, resulting in the accumulation of metabolic 
waste products, disrupting the electrolyte balance, and conse-
quently altering the body’s normal hemostasis [4]. In patients 
with end-stage renal failure, cardiovascular diseases are the pri-
mary cause of death, which accounts for approximately 50% of 
deaths in patients undergoing chronic dialysis [4].

 No ideal method for screening for cardiovascular disease 
has been recommended in high-risk patients. Currently, ESRD 
patients who are candidates for renal transplantation undergo 
cardiovascular disease screening by the noninvasive cardiac 
tests. If there is a disturbance in these studies’ results, they are 
candidates for a more careful examination with invasive angiog-
raphy [6].

 Non-invasive tests have limitations, such as exercise testing 
due to ECG changes during rest in 25 to 30% of patients, lack of 
tachycardia (due to autonomic neuropathy) during testing, or 
more commonly due to decreased ability of mobility is limited 
[7].

 The use of a myocardial perfusion scan with dipyridamole 
has been limited due to low positive predictive value (71%) [8]. 
Stress echocardiography has a sensitivity of 69% to 95% and 
specificity of 95% and is the preferred method compared to 
other non-invasive methods. However, the rate of transient AF 
rhythm in this method is 1 to 2%, which should be considered 
[9].

 In identifying the risk of cardiac events, the use of a myocar-
dial perfusion scan avoids unnecessary additional costs [10]. In 
a study by Hannoush et al., Positive predictive value for the scan 
was 91% and negative predictive value for 86% [11]. In other 
studies, myocardial perfusion scan sensitivity was 94%, specific-

ity was 94%, positive predictive value was 96%, and the nega-
tive predictive value was 92% [12,13].

 Given that the use of myocardial perfusion scan detection in 
Iran has increased in recent years, based on Gholam Rezanjad 
et al., The criteria for patient referrals for scanning have been 
evaluated as appropriate.

 In myocardial perfusion scan, the patient is scanned, with 
the radio isotopes, and then subjected to stress scan by drug 
injection or physical activity on the same day or the other day 
depending on the protocol performed at the respective center. 
The results of the two scans are compared, and the regional 
myocardial perfusion defect and associated vessels are identi-
fied [14]. One of the problems that may occur is due to techni-
cal factors; for example, the presence of large or dense breasts 
in women interferes with the interpretation of the hearts ante-
rior and anterior wall defects. Also, the activity under the dia-
phragm interferes with the interpretation of the defects of the 
inferior wall of the heart [15]. Drugs labeled with Technetium-
99m in cardiac scan profiles like tetrofosmin, sestamibi is mainly 
secreted through the hepatobiliary system [16,17]. Following 
this secretion of the gastrointestinal tract adjacent to the myo-
cardium, it is exposed to a radioactive activity capable of pro-
ducing artifacts in the resulting images [18,19].

 Burrell et al. Acknowledged that myocardial perfusion im-
aging (myocardial perfusion scanning) is an important imaging 
technique in managing cardiovascular disease patients. Myo-
cardial perfusion scanning plays a crucial role in the diagnosis 
of cardiovascular disease, the prognosis, the evaluation of the 
effectiveness of treatment, and the assessment of the viability. 
However, myocardial perfusion scanning is a complex process, 
with a variety of artifacts and problems that can limit its clinical 
utility. These factors may be related to the patient (including 
unique aspects of the patient’s heart), nuclear medical equip-
ment, or technician actions [15].

 In Loghin et al.’s study, it was found that lesions recorded in 
cardiac perfusion imaging images are common and cause arti-
ficial defects predicted by diaphragm transition, body mass in-
dex, and heart size. Multiple imaging sequences and visual op-
timization, computation of neutral imaging depth and diffusion, 
substantially reduce artifacts to identify mild perfusion defects 
of coronary atherosclerosis that are detectable as a basis for 
severe lifestyle and pharmacological treatment [20].

Materials and Methods

Type of Study

A cross-sectional study was performed in the nuclear medi-
cine department of Namazi Hospital affiliated to Shiraz Univer-
sity of Medical Sciences.

Population understudy and sample size

The study population included all those referred to the Nu-
clear Medicine Department of Namazi Hospital of Shiraz for the 
cardiac perfusion scans. The sample size consisted of 90 pa-
tients divided into three groups of 30 each.

Inclusion criteria

Male subjects ranging in age from 45 to 65 years were willing 
to participate in the study. After consent was obtained, healthy 
subjects, as well as chronic renal disease patients with liver cir-
rhosis, participated in this study.

Conclusion: The results of the present study indicate 
that artifacts may be present in myocardial perfusion imag-
ing in patients with dialysis-dependent renal failure as well 
as in advanced liver disease such as cirrhosis. These can in-
terfere with the interpretation of the obtained images.
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Exclusion criteria

Exclusion criteria included females and persons younger 
than 45 years and over 65 and those without chronic kidney 
disease or liver cirrhosis.

Method of Study

Subjects in this study were divided into three groups of 30 
patients, one group consisting of patients with chronic renal 
disease, the second group of patients with liver cirrhosis that 
were candidates for transplantation, and the third group of 
patients was patients requiring cardiac perfusion scan without 
any renal and hepatic problems. The last group was considered 
as a control group. Individual characteristics, scan results, and 
echocardiography of all three groups were recorded in the ques-
tionnaire. After a nuclear perfusion scan, septal, anterolateral, 
and inferior artifacts were evaluated in all three groups, and all 
documented by Nuclear Medicine Specialist.

Statistical analysis of findings

Statistical analysis was performed using SPSS software (ver-
sion 22). The findings of this study were expressed as absolute 
frequency (number) and relative frequency (percentage) as fre-
quency and percentage. The parametric data of this research 
were evaluated using a T-test, and the nonparametric data were 
compared statistically using the Chi-square test. In this study, 
the difference with P-value less than or equal to 0.05 was con-
sidered statistically significant.

Results

In this study, 90 male subjects, ranging from 45 to 65, with 
a mean age of 53 ± 3.3, were studied to determine the preva-
lence of cardiac perfusion scan artifacts. This study included 30 
people with chronic kidney disease, 30 people with liver cirrho-
sis, and 30 healthy people with kidney and liver disease as the 
control group. In the present study, all patients were evaluated 
for the prevalence of cardiac perfusion scan artifacts by Septal, 
Anterolateral, and Inferior methods.

 Overall, 20 (22.2%) of the artifacts were found in all patients 
who underwent septal cardiac perfusion, with 14 out of 30 
patients (46.7%) with chronic kidney disease. The artifact was 
found in 4 (13.3%) of patients with liver cirrhosis. The preva-
lence of septal cardiac perfusion scans in the control group was 
2 (6.7%) (Figure 1).

Figure 1: Frequency of septal cardiac perfusion artifact scans in 
patients with liver cirrhosis and chronic kidney disease.

In the present study, the prevalence of artifacts in the ante-
rolateral cardiac perfusion scan was investigated. In a total of 90 
patients, 22 (24.4%) had artifacts. The frequency of cardiac per-
fusion scan artifacts in patients with liver cirrhosis was 6 (20%) 
and in patients with chronic kidney disease was 14 (46.7%). In 
the control group, two patients (6.7%) had anterolateral cardiac 
perfusion artifacts (Figure 2).

Figure 2: Frequency of anterolateral cardiac perfusion scan ar-
tifact prevalence in patients with liver cirrhosis and chronic kidney 
disease.

Statistical analysis showed that there was a significant differ-
ence in the prevalence of anterolateral cardiac perfusion scans 
among patients with cirrhosis, chronic kidney disease, and con-
trol group (p = 0.00).

This study also investigated the prevalence and frequency of 
inferior cardiac perfusion scans in patients with liver cirrhosis, 
patients with the chronic renal disease compared to the control 
groups. In a total of 90 patients, the frequency of artifacts was 
30 (33%). The frequency of cardiac perfusion scan artifacts in 
patients with liver cirrhosis was 18 (60%) and in patients with 
chronic kidney disease was 8 (26.6%). In the control group, two 
patients (6.7%) had inferior cardiac perfusion artifacts (Figure 
3).

Figure 3: Frequency of inferior cardiac perfusion scanning arti-
fact prevalence in patients with liver cirrhosis and chronic kidney 
disease.

Statistical analysis showed that the prevalence of inferior 
cardiac perfusion scintigraphy was significantly different be-
tween patients with cirrhosis, chronic kidney disease, and con-
trol group (p = 0.00).

Discussion

Myocardial perfusion scan at rest and with drug stress iden-
tifies flow-limiting coronary artery stenosis as a regional perfu-
sion defect [21,22]. Myocardial perfusion scans also show a mild 
decrease in blood flow storage (coronary arteries), indicating 
non-obstructive coronary artery disease as a basis for long-term 
treatment before significant stenosis [23,24]. Early detection of 

 Statistical analysis showed that there was a significant differ-
ence in the prevalence of septal cardiac perfusion scintigraphy 
among patients with cirrhosis, chronic kidney disease, and con-
trol group (p = 0.00).
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cardiovascular disease using myocardial perfusion imaging re-
quires accurate and artifact-free differentiation [25,26]. How-
ever, some patient-related factors and imaging modalities may 
cause false positives and artificial abnormalities in myocardial 
perfusion scan images [27,29].

 Various causes and factors can compromise myocardial per-
fusion scanning. These factors may be patient-related, equip-
ment, or technician, as mentioned. Both the technician and the 
physician need to be aware of these potential error sources, 
take steps to limit them, correct them if possible, and if they 
cannot be eliminated, the interpreter should be aware of the 
potential impacts of artifacts on images.

 In the present study, the incidence of septal, anterolateral, 
and inferior cardiac perfusion scans concerning chronic kidney 
disease and liver cirrhosis, was estimated to be 26.6% on aver-
age.

 In this study, the incidence of artifact incidence in patients 
who underwent septal cardiac perfusion scan was 22.2%. The 
observations showed that the incidence of artifact incidence 
in patients with chronic kidney disease was significantly higher 
than those with liver cirrhosis and healthy subjects.

Dasselaar et al [30]. showed that hemodialysis causes a se-
vere decrease in myocardial blood flow. Because myocardial 
blood flow decreases early in the hemodialysis period, not 
only hypovolemia but also acute dialysis-related factors are 
also involved in artifacts. Decreased hemodialysis-dependent 
myocardial blood flow may lead to cardiac problems in dialysis 
patients.

 Patients with renal disease often have coronary artery dis-
ease, as well. In these patients, the 5-year survival rate is less 
than 50%, and cardiovascular disease accounts for nearly half 
of all deaths in end-stage renal disease patients. Renal disease 
is often caused by hypertension or diabetes, both of which are 
essential risk factors for cardiovascular disease. Other patients 
develop hypertension after the onset of kidney disease. These 
comorbidities partly contribute to the increased prevalence of 
the cardiovascular disease in the renal patient [31].

 Havel et al [32]. also found that the combined evaluation 
of myocardial perfusion imaging and coronary artery calcium 
could help determine prognosis in end-stage renal disease. In 
contrast, severe perfusion abnormalities in the SPET-gate and 
CAC score 1000 is predictive of the successive heart events. 
That study also suggests artifacts in myocardial perfusion imag-
ing in patients with advanced kidney disease that can be com-
pensated by adjuvant techniques.

 The present study also investigated the frequency of Inferior 
cardiac perfusion scan artifacts in patients with liver cirrhosis 
and those with the chronic renal disease compared to control 
groups. In general, the frequency of Inferior cardiac perfusion 
scan artifacts was 33.3%. In patients with chronic kidney dis-
ease, 26.6% of artifacts were observed in inferior cardiac perfu-
sion scans. Whereas the frequency was 60% of patients with 
liver cirrhosis, it was significantly higher in the control group 
and patients with chronic disease. 

 The prevalence of artifacts in the anterolateral cardiac per-
fusion scan was 24.4%, with the highest prevalence in patients 
with chronic kidney disease (46.7%). However, the frequency 
of cardiac perfusion scan artifacts in patients with cirrhosis was 
20% and in the control group was 6.7%, which was statistically 

significant (p <0.05).

 Zoghbi et al. [33] also found in a study of the usefulness of 
preoperative myocardial perfusion imaging in predicting prog-
nosis after liver transplantation that myocardial perfusion im-
aging could reveal unique findings such as ascites and spleen, 
which can produce artifacts and may interfere with accurate 
image interpretation. Their study, consistent with the current 
study, showed artifacts in myocardial perfusion imaging in pa-
tients with liver transplant candidates such as cirrhosis.

 Davidson et al. [34] also found that stress myocardial perfu-
sion imaging has poor predictive value for coronary artery dis-
ease in liver transplant candidates. Coronary angiography has a 
primary screening role for this population, especially in patients 
with multiple cardiac risk factors or a known history of coronary 
artery disease.

 A study also found that the progression of renal failure and 
poor cardiac perfusion imaging in patients with advanced cirrho-
sis and ascites may be related to systolic cardiac dysfunction [35].

 One of the strengths of this study is the significant sample 
size of patients undergoing liver cirrhosis as well as dialysis-de-
pendent patients with chronic kidney disease, which has helped 
enrich the study and strengthen the results. In the present 
study, we investigated the efficacy of artifacts in cardiac perfu-
sion imaging in patients using Inferior, Anterolateral and Sep-
tal techniques and the association of each of these techniques 
with the aforementioned liver and kidney diseases.

Limitations

 The limitations of the present study are the lack of evalu-
ation of cardiac perfusion imaging artifacts in female patients 
with liver cirrhosis and chronic kidney disease compared to men. 
Other limitations of this study are the lack of determination of 
the type of artifact and its association with these diseases.

Conclusion

 The results of the present study indicate that artifacts may 
be present in myocardial perfusion imaging in patients with di-
alysis-dependent advanced renal failure as well as in advanced 
liver disease such as cirrhosis, and these artifacts may interfere 
with the interpretation of the resulting images.
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