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Abstract

This study aims to investigate, using patient studies, the impact of Injected Dose
(ID), Body Mass Index (BMI), and image noise assessments in PET imaging. This
study included 59 liver cancer patients weighing between 45 and 107 kg. After
intravenously injecting 0.1 millicurie (mCi) of ®F-FDG per kilogram of body
weight, PET scans were obtained for 1, 1.5, and 3 min/bed position based on the
patient's weight.
Weight, height, and body mass index were calculated using a spreadsheet.
Five regions of interest (ROIs) were placed at the same site in the liver, which was
considered to have a homogeneous metabolism, in five successive slices of PET/CT
scans to determine the mean uptake (signal) values and their standard deviation
(noise). The ratio of both gives the liver's Signal-to-Noise Ratio (SNR).
Graphs were created to determine the relationship between these characteristics. The
plots demonstrated that the dose injected increased when body weight and/or BMI
increased, and that the SNR fell even as the dose administered increased. This is
owing to the fact that heavier patients having a higher administered dose and, have a
lower SNR even when greater 8F-FDG doses are delivered. These data indicate that
the image quality, as measured by the SNR, is inferior in heavier persons compared
to those who are thinner.
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1. Introduction

In the evaluation of a wide variety of oncologic processes, Positron Emission
Tomography/ Computed Tomography (PET/CT) scanning has been developed into a
beneficial technique over the past decade. The imaging technique known as Positron
Emission Tomography (PET) pictures metabolic pathways and other biological processes
using positron-emitting isotopes connected to specific tracers. PET scanning is sometimes
referred to as metabolic imaging because it often investigates specific biochemical processes
involved in substrate utilization. However, because PET scanning can also image a range of
molecular targets and physiological processes, it is more accurately classified as a form of
molecular imaging [1].

The most used radiopharmaceutical in this technique is fluorine-18 fluorodeoxyglucose
(*®F-FDG), which measures the body's glucose usage. The image quality of ¥F-FDG PET is
crucial for accurate cancer diagnosis [2]. Recent advancements in PET/CT technology have
resulted in higher image quality than that of conventional PET, owing to CT-based
attenuation correction that is less noisy and the superior performance of scintillator crystals
and detector electronics [3]. However, the quality of PET/CT scans of patients who are
overweight is frequently decreased [4]. Several studies have demonstrated the importance of
modifying acquisition times or injected radiopharmaceutical dosage in order to improve the
image quality of obese patients, who require a larger dose per kilogram of body weight (more
than 8 MBg/kg) [5,6]. It is not known, however, which of these two factors—a larger injected
dose per kilogram of body weight or a lower body weight per second—is essential for
defining the image quality because these studies were carried out retrospectively with a
constant dose. In addition, the amounts of ®F-FDG that are advised to be administered per
kilogram of body weight vary greatly from country to country. As a result, it is still unknown
whether or not an increased administered dose is truly required, as well as which strategy—a
longer scan time or an increased dose— more effectively improves the quality of PET images
of overweight individuals.

This paper aims to examine the effects of dose injected, Body Mass Index (BMI), and Signal-
to-Noise Ratio (SNR) in the assessment of PET imaging.

2. Materials and methods

In this study, 59 patients with liver cancer were enrolled in this study, ranging in age from
15 to 85 years old, who were referred to the Al-Andalus Specialist Hospital between
November 2022 and December 2022. Before proceeding with the PET/CT scans, the patients'
consent was obtained. The hospital's ethics committee had previously given its approval to
our study.
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In this investigation, a Discovery 1Q PET/CT scanner (GE Healthcare, Milwaukee, W1, USA)
in the Al-Andalus Specialist Hospital was used. This scanner's detector is made up of
BisGes3012 (BGO) crystals, each of which measured 6.3 by 6.3 by 30 millimeters. At the one-
bed position, the transaxial field of vision (FOV) measured 700 millimeters, the axial field of
view measured 260 millimeters, and 79 axial slices were acquired. The window width for the
energy range was 435-650 keV, and the window width for the coincidence time range was
9.5 ns. For this study, a matrix with a dimension of 192 by 192 was obtained. The thickness of
each slice was 3.27 millimeters. The amount of slice overlap that occurred between beds was
19 slices.

Patients who had a blood sugar concentration in their fasting blood of more than 200
mg/dL at the time of the examination were not permitted to participate in any aspect of the
study.

Before receiving an injection of 8F-FDG, all of the patients went without food for at least
four to six hours, and a blood sample was taken to determine the patient's glycemia. Images
were taken 45-90 minutes following the intravenous injection of the '®F-FDG. Patients were
placed in a supine position with both of their arms elevated. The time required to acquire an
emission was (1-3) minutes for each bed position.

The Body Mass Index (BMI) was determined as follows:

BMI — weight in kg 1
- (height inm)2 7 L

The patient body weight (BW) and body height were obtained from their hospital medical
records.

The World Health Organization categorizes BMI as follows: underweight (BMI> 18.5
kg/m?), normal (18.5 — 24.99 kg/m?), overweight (25 — 30 kg/m?), and obese (>30 kg/m?) [7].
The Body Surface Area (BSA) was calculated using the following formula [8]:

BSA (m?) = (weight in kg)***® x (height in m)®7%* x 0.007184 .... (2)

The evaluation of image quality with regard to contrast and noise is a key parameter
frequently applied to tumour identification. SNR, which is correlated with the number of
events found, was determined to measure the PET scanner's effectiveness in terms of the
object's visibility. SNR of a PET/CT scan for the cancerous liver was employed as an
indicator of image quality since it is the only human organ with a somewhat uniform
absorption of F-FDG.

The SNR is defined as the ratio of the measured region's mean pixel value (mean) to the

Standard Deviation (SD) [9]:
mean

SNR = e (3
5D (3

2.1 Statistical Analysis

To express all results, the mean and SD were utilized. All statistical analyses were
performed using Microsoft Office Excel, 2013. A paired and unpaired Student’s t-test was
used to compare data between variables. A result was considered statistically significant if P <
0.05.
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3. Results

Table 1 lists the demographic and clinical characteristics of the participating patients.
There were 59 participants (24 males and 35 females) with an average age of 59.09 +13.78
years. The average injected dose and injected dose/weight were (8.55 + 1.06 mCi), (0.11 +
0.011) mCi/kg, respectively.
The SNR exhibited significant differences with BMI (all p-values < 0.01), and the SNR
dropped along with the increase in the BMI groups. In obese patients, the SNR had the lowest
value, which indicated the poorest image quality. This result was expected. According to
Figure 1, it was found that the SNR was most accurately modelled by the dose that was
injected (R?=0.12).
The relationships between the dose injected with BMI and weight are shown in Figures 2 and
3, respectively. The figures clearly show that the dose injected increases with the increase in
BMI and weight; there was a statistical correlation between BMI and the dose injected (R? =
0.96). A similar correlation was observed between weight and dose injected (R? = 0.86, p <
0.05).

Table 1: The demographic information of the patients

Parameters patient cohort
Age ,years 59.09 £13.78
Body mass, kg 76.59 £15.12
Height, m 1.63 +£0.076
BMI, Kg/m? 28.66 + 5.39
Dose injected, mci 8.55+ 1.06
Dose injected /weight, mci/kg 0.11+£0.011
12
10 y=-0.7273x + 10.653 .
R%=0.1266
8
2 6
%2}
4
2
0
0 2 4 6 8 10 12

Dose Injected (mCi)

Figure 1: Relation between SNR and dose injected.
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Figure 2: Relation between BMI and dose injected.
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Figure 3: Relation between weight and dose injected.

4. Discussion

As shown in Figure 1 of the injected dose and the SNR, it can be seen that as the injected
dose increased, the SNR decreased. This is because, at least in this study, patients who got
higher doses were heavier, and it was concluded that as weight increases, so should the dose.
Figure 2 shows the relationship between BMI and the dose injected; the dose increases as the
BMI rises.

Figure 3, relating the weight to the injected dose, reveals that, as the weight increases, the
injected dose increases almost linearly. This is expected as the administered dose depends on
body weight.

Since the invention of PET/CT, the use of ®F-FDG PET for the diagnosis and staging of
malignant diseases has become significantly more widespread. It was found that the image
quality decreased with a lower true coincidence rate in overweight patients of 75 kg or more
than in underweight patients. Due to significant photon attenuation and scatter, obesity has a
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negative impact on the quality of PET images [10]. On the other hand, increasing the
administered dose of F-FDG does not affect the image quality of overweight patients.

As a result, alternate methods that require longer acquisition times ought to be implemented
to compensate for the reduction in image quality [11].

5. Conclusion

Based on the results of this study, it is concluded that weight significantly affects the
quality of the PET/CT images. Even when 8F-FDG doses are linearly tuned to patient weight,
the SNR of the image decreases according to the patient's weight.
This was also true for the BMI, which takes height into account. Adjusting approaches in
certain parameters, such as attenuation correction or others, to reduce random and scatter
noise could be beneficial for obese individuals, but it is not the cure. Adjusting these
parameters may result in an image with a higher SNR and a smoother appearance, but the
identification of lesions may be diminished. In addition, each nuclear medicine department
has its own procedures and logistics; therefore, it may not be ideal to alter practices, such as
scanning every patient for longer periods of time.
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