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Abstract

Background: There are several ways to diagnose coronary artery disease. Myocardial perfusion imaging (MPI) is
used for the diagnosis of coronary artery disease. One of the practical challenges in scan’s interpretation is
interfering liver radiotracer uptake with appropriate cardiac visualization. For many years, different approaches were
evaluated for conquering this problem. A relatively common method is using fat-containing meals before imaging.
Fatty meals may cause some problems for some patients, especially elderly with digestive disorders, as well as an
extra cost. We designed a study to compare the efficacy of water and fatty meal as a liver clearing agents to
facilitate MPI results interpretation.

Result: Totally, 30 patients (consist of 30 stress phases and 30 rest phases), including 18 women and 12 men, were
evaluated. The fatty meal was used before 32 scans and cold water in the other 28 scans. Finally, 40 scans had the
suitable quality for reporting by nuclear physicians among 60 scans, which included 20 of 28 scans with water and
20 of 32 scans with a fatty meal.

Conclusions: This comparison showed that scans performed with the water group had similar results with the fatty
meal group. Water is better than fatty meals because of its ease of use and lower cost. Therefore, the use of water
can be a good alternative for routine use in NM centers.
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Background
Coronary artery disease is a common disease in
the world. Different methods such as exercise test-
ing, electrocardiogram, single-photon diffusion
tomography (SPECT), and cardiac angiography are
used to diagnose CAD [1, 2]. Myocardial perfusion
imaging (MPI) is widely used as a non-invasive
clinical imaging technique for the diagnosis of cor-
onary artery disease [3, 4, 5]. MPI in nuclear
medicine consists of two steps: first is rest and the

other is stress. Stress stage is done in two ways
(drug stress or exercise).
In this phase, blood flow should increase. If the

tide is reduced or limited, the vessels will be in-
volved. The results are usually compared to the
rest phase [6]. Two most commonly used radio-
pharmaceuticals in heart scans are Tc-99m sesta-
mibi and Tc-99m tetrofosmin. For sestamibi,
tetrofosmin, and thallium, uptake in the myocar-
dium is proportional to blood flow. Both tetrofos-
min and sestamibi are excited from the body
through the hepatobiliary system into the intestine
[7–10]. The heart is enclosed among the dia-
phragm and the intestine and the liver, and it is
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located on the diaphragm above the left edge of
the liver and near the intestine. For this reason,
the liver, bile duct, and intestine cause excessive
radiation. Therefore, radioactivity in the sub-
diaphragm region can change the results in heart
scan studies and make it harder for nuclear medi-
cine studies to achieve the desired goal. Due to
the proximity of the liver and the intestine to the
bottom of the heart, proper judgment can be se-
vere in CAD cases [11, 12].
The emergence of unusual cardiac activity is pre-

dictable in the imaging of myocardial perfusion, so
to provide high-quality images for comment, it is
essential to remove the liver-bile duct and digestive
tract [3, 7, 13].
Some foods and fluids have been used to reduce

or eliminate this problem, which they increase ra-
diopharmaceutical hepatobiliary and intestine
transition, including drinking milk, eating high-fat
foods, drinking milk and water, injections of
cholecystokinin, and administration of metoclo-
pramide in myocardial perfusion SPECT. Fatty
foods release cholecystokinin (CCK) and increase
secretion bile and evacuate the gallbladder
whereby increased clearance hepatobiliary and re-
duced infracardiac activity [1, 11, 14, 15]. The
main route of excretion of technetium, the liver,
and the secondary route is the gastrointestinal
tract. Increasing age leads to a decrease in the
performance of these two systems. Increasing age

leads to a decrease in the ability of the liver sys-
tem to purify the material. Digestive motions of
the gastrointestinal tract become ineffective as
they age. As a result, increased intake of fatty
acids leads to gastrointestinal complications in
the elderly. On the other hand, a decrease in the
function of these systems results in a decrease in
the clearance of radioactive substances from the
body of the elderly. In a study by Hofman et al.,
the group received the milk compared to the
group that received the water, radiation was sig-
nificantly reduced, but it did not improve the in-
terpretation of the images [16–18]. The study by
Boz et al. indicates that eating solid and liquid
foods before the resting stage reduced intestinal
activity in Tc-99m tetrofosmin myocardial perfu-
sion [19, 20]. Also, Purbhoo et al. showed that di-
luted lemon juice and milk reduced significantly
infracardiac radiation in myocardial perfusion
scan with radiopharmaceuticals Tc-99m sestamibi,
which this reduction in the milk group had been
more prominent [21]. The purpose of our studies
was to determine what steps should be taken be-
fore resting the SPECT myocardium so that we
can reduce the side effects of the liver, intestine,
and stomach interactions.

Methods
This study was performed on 30 patients (female
/male) who were under MPI. We used the 2-day

Table 1 Sex

Report Quality Frequency Percent Valid percent Cumulative percent

Reportable Valid Male 14 35.0 35.0 35.0

Female 26 65.0 65.0 100.0

Total 40 100.0 100.0

Non reportable Valid Male 10 50.0 50.0 50.0

Female 10 50.0 50.0 100.0

Total 20 100.0 100.0

Reportable scan examination in male and female patients

Table 2 Scan phase

Report quality Frequency Percent Valid percent Cumulative percent

Reportable Valid Rest 22 55.0 55.0 55.0

Stress 18 45.0 45.0 100.0

Total 40 100.0 100.0

Non Reportable Valid Rest 8 40.0 40.0 40.0

Stress 12 60.0 60.0 100.0

Total 20 100.0 100.0

Repeatability of the scan at rest and stress phase
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protocol and with the same injectable dose. At each
phase of the patient’s scan (rest or stress), one of
the two methods of extracardiac uptake discharge
was used. According to previous studies, we used
two methods for extracardiac uptake discharge. The
first method is the use of profiterole with specific
compounds (from butter). According to the recom-
mendation of nuclear medicine technology: proced-
ure and quick reference [6, 22], the second method
is to use cold water before scanning [6]. For the
same physiological conditions of the patient and a

better comparison of the two methods of extracar-
diac uptake discharge, we used two methods for
extracardiac uptake discharge in each of the two
scan phases (rest, stress). The imaging process was
carried out with the gamma camera at 60 min after
the Tc-99m sestamibi injection. Finally, a nuclear
medicine specialist reported a “reportable” factor
for each scan. It should be noted that the nuclear
medicine specialist did not know the protocol per-
formed for each scan stage. The results were ana-
lyzed using the statistical software (SPSS 22).

Table 3 Liver clearance agent

Report
quality

Frequency Percent Valid
percent

Cumulative percent

Reportable Valid Water 20 50.0 50.0 50.0

Profiterole 20 50.0 50.0 100.0

Total 40 100.0 100.0

Non Reportable Valid Water 8 40.0 40.0 40.0

Profiterole 12 60.0 60.0 100.0

Total 20 100.0 100.0

Checking for scan reports in different types of liver drainage

Fig. 1 Fatty meal (Non reportable)
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We used a single head MIE for doing this research,
and the software we used was Sintron 7. Reconstruction
of images is done with the ECT program, and the factors
used are as follows [23]:

Filter type Butter worth

Method FBP

Butter worth #5

Cutoff frequency 0.4

Result
Twelve men and 18 women (30 patients) were
examined for this test. Thirty scans were performed
in a rest phase and 30 scans in the stress phase. To
discharge the liver in a heart test, for each patient,
each scan phase used one of two approaches. The
two methods are drinking cold water and eating
profiterole that was used in 28 scans of water (rest
or stress) and 32 scans of the profiterole. We study
“reportable factor.” From 24 male scans, fourteen
men were reportable, and also, 26 women of 36
were reportable (Table 1). Also, we performed 30
scans at rest and 30 scans at stress that 22 of the

rest scans and 18 of the stress scans were
reportable (Table 2), as well as liver discharge in 28
scans by drinking water and 32 scans by eating the
profiterole. Of the 28 scans, 20 scans can be
reported, and of the 32 scans, only 20 scans were
reported. The description stated in the text
indicates that the data were not statistically
significant, but those who used water had about
50% more chance of reporting and using water has
better results (Table 3). We show four images of
unreported (including fatty meals and water)
examples in Figs. 1, 2, 3 and 4. It should be noted
that all images of patients were examined by three
physicians visually.

Discussion
In many previous studies, various factors have been
investigated by researchers. Things like using the
UDCA in the survey of Sood [20] or using
different filters in the survey of Shah [17];
however, research on food for better imaging has
always been considered. A survey by Gholami et al.
found that gender, age, and BMI did not
significantly alter spectral imaging quality. On the

Fig. 2 Fatty meal (Reportable)
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other hand, there was a significant difference only
in the group consuming milk compared to the
control group. This is a confirmation of high-fat
milk discharge performance in itself in nuclear
medicine scans. Therefore, different substances can
be compared to milk [1]. Hara et al. found that
soda water increased intestinal activity and in-
creased image quality at the time of imaging [7].
Also, Alice J. Vandongen et al. found that water
and milk intake at specific times before scanning
facilitated better image acquisition [14]. Boz et al.
has been established that the consumption of solid
foods and liquids causes gastric filling and changes
in bowel movements resulting in better imaging
[19]. In a 2017 study, Mohsen Qutbi also showed
that consuming 2–4 glasses of water immediately
before imaging can eliminate extracardiac activity
in cardiac imaging [18]. All of these studies con-
firm the reason for our use of water as an alterna-
tive method of reducing extracardiac activity. In
their research, Peace et al. investigated several fac-
tors affecting cardiac imaging and ultimately found
no significant difference between water and milk

intake [8]. We did not differ in the present study.
However, in 2005, a survey by Dee Nandurkar and
colleagues showed that the effect of drinking milk
from consuming water for imaging the heart was
more significant in nuclear medicine [16]. A com-
parison between two common interventions to re-
duce extracardiac disturbing activity was
performed. According to the previous studies, fat
meals could prompt radiotracer clearance from the
liver. However, fat meals may led to some prob-
lems for patients, especially in elderly and in pa-
tients with gastrointestinal disorders. So looking
for a safe approach with fewer side effects is inter-
ested in researchers. We compare cold water versus
high-fat meal in this study. Finally, no remarkable
difference for diagnostic report of myocardial per-
fusion imaging was noted among two interventions,
but cold water has favorable outcomes with con-
venience for the patients in comparison to fat
congaing meals. Further studies are needed to con-
firm these results and attempt to consider this ap-
proach as a standard intervention in the nuclear
cardiology setting.

Fig. 3 Water (Non reportable)
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Conclusions
The results of this study showed that scans performed
with the water groups had equal results with the fatty
meal group. Water is better than fatty meals because of
its ease of use and lower cost. Therefore, the use of
water can be a good alternative for routine use in NM
centers. Fatty meals can cause gastrointestinal side
effects in patients, especially the elderly, and water is
useable for everyone. Therefore, staffs are advised to use
water because it has fewer side effects for patients.
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