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Abstract

The physiological level of 2-[18F]-fluoro-2-deoxy-D-glucose (!*F-FDG)
absorption in the liver varies. Before interpreting whole-body positron emission
tomography-computed tomography (PET-CT) imaging for cancer detection. It is
critical to understand the different levels of FDG accumulation in the liver, which are
indicative of physiological changes and normal distribution of '*F-FDG. the aim of
this study is to monitor the possible variables that influence the level of physiological
FDG uptake in the liver as seen by FDG PET-CT imaging. A total of two hundred
participants underwent '®F-FDG PET/CT tests between March to July 2024 and were
categorized into seven age groups. Demographic information was obtained from chart
records. The maximum Standard Uptake Values (SUVs) and the Body Mass Index
(BMI) of the liver were computed for each subject. It was noted that BMI has an effect
on FDG uptake. FDG uptake differed significantly across the low and high BMI
groups, as did liver SUV .« and FDG uptake with age. The most significant predictor
of SUVmax was age. The subjects were divided into seven age groups. SUVs
experienced a significant increase up to the age group 48-58 year. The study
concluded that differences in liver SUVs are significantly influenced by age. Our
research revealed the alterations in SUVs with age. The determined normal range of
SUVs in the liver may assist physicians in the more precise detection of malignancies.
Further, the uptake of hepatic FDG is influenced by, and correlated with BMI.

Key words: Body mass index; standardized uptake value (SUV); liver; whole-body
PET/CT imaging

addead) 2 (B dyjlaall Galuaiad) aib B aal) pdige Ay panlls Aadijal) i) audl
BF-FDG g ijsl Jlaayl abial)l jgail) aladiul

daaa Ao e Ll
dbxj\ ¢alazs ¢ alar RMB“_:H\ < cdaluall &)5

*Email : dalya.al eqabi@comed.uobaghdad.edu.iq

Open Access Articles. This articles is licensed under



mailto:dalya.al_eqabi@comed.uobaghdad.edu.iq

Mohammed Iraqi Journal of Science, 2026, Vol. xx, No. x, pp: xx

dadal)

Sl Aadiiall lisinall agd (gys pall o PF-FDG I o glsell A (alaial (5ian (il
penll gt g U IPF-FDG 1 anhs sy Lmglaed it ) s Sy 2l 3 FDG
oo <adsll (PET-CT) Guusadl) akiall pugeail) = g5yl Jlaa¥l gabiall gl Jol<l)
aslssadl) FDG (aliaial Ay e 555 ) Alaaall dalsall A ) Gandl 1a Cangy oy
lie gt L usaall bl gl = g el HlaaYl galaidl pgeills gl LS casl
2024 358 — Y on PF-FDG alasiuly s siisll JlaaYl ekl jiseaill cihlasy ol
Al Slalaid) e o Rl sl Glasbeall e Joeanll @ e Gl gae ) Igtiday
ol ol hlie JSI A8 aval) AN 55505 (SUVS) (gl (g)linal) aliaia¥) i Casds
@b i genal) S IS FDG alaial cilia) .FDG jalaial o auall A5 J850 o )
Cabliaialy 2 8 Aulil) aleaia¥ ) dail o] anll CABA) LS caiiyally iaidial) aenl) ABS 50
Gindl) 22l . yeall 58 AU 8 (gyemdl) Banlidl) (aliaia¥) dadl Hiise aal QIS . jaall b a3l ao FDG
> 5 50l (el Lpusbidll (aliaia) ad gl L aSIh GBlay Lad dijee Gl aaw ) GS)LEA
LS el € S0 20 il aleaia¥) o 6 ol il o) duhall contnn) L lle 48 oo
oo (A RS 3 el acliy 38 Lee 2SI 8 Bpuldll alaieV) adl aadall Glad) a3 5
v Jadiyg peall A6 ji50 52l FDG (alaial il colly e sdle . A80al) ol)eY)

1. Introduction

Nowadays, 2-[18F]-fluoro-2-deoxy-D-glucose('*F-FDG) Positron-Emission
Tomography/Computed Tomography (PET/CT) is used for staging, restaging, recurrence
detection, and therapy response monitoring by integrating metabolic and anatomical
information. PET/CT detects regions with increased glycolytic metabolism and membrane
glucose transporter (GLUT) protein to detect cancerous tumors [1-2]. Nevertheless, the
enhanced retention of FDG is not exclusive to cancerous tissue alone [3-6]. Physiological FDG-
uptake in a normal liver exhibits varying degrees of intensity. Familiarity with the different
levels of FDG normal accumulation, that indicate normal distribution of '*F-FDG, and the
physiological changes as well as the Standardized Uptake Values (SUVs) of this organ(liver)
are crucial to be studied before interpreting PET-CT scans for the identification of cancer [7].

SUVs provide a semi-quantitative analysis of the PET data. It is often used to measure the
static accumulation of FDG in target tissues and to quantify radiopharmaceutical concentration
in tissues, helping to distinguish tumors from normal tissue or track changes in metabolic
activity over time. The SUV is frequently described as a semi-quantitative factor since it is not
a true kinetic rate constant. As a normalized target-to-background metric, the SUV analyzes
variables for body weight, lean body mass, and body surface area [8-10]. In this work, the
widely accepted method of calculating. SUV is defined as activity concentration (MBg/ml) in
a chosen region of interest (ROI) or volume of interest (VOI) relative to the injected activity ID
(MBq) corrected for decay of the radionuclide multiplied by the body weight (g) and can be
calculated by the following equation [11]:

average activity in ROI(%)

injected dose (MBq)

SVU (%) =

X body weight (g) ........ (1)

It should be noted that the buildup of physiological 'F-FDG can be substantial in certain
organs, and that this might sometimes imitate pathological conditions. Identification of this
physiological activity is crucial for the precise analysis of a whole-body '®F-FDG-PET study
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[12, 13]. In addition to its application in research on glucose metabolism [14], hepatic FDG
uptake serves as the benchmark for diagnosis, quality control, treatment evaluation, and
prognosis. Previous studies have indicated that liver FDG uptake is influenced by age, blood
glucose level, body mass index (BMI), incubation period, and hepatic steatosis [15-17].

the aim of this study is to assess the many variables that can influence the liver's physiological
absorption of FDG during FDG PET imaging.

2. Materials and methods

The study comprised a total of 200 participants (72 males and 128 females), aged between
18 and 87 (mean age 54.73 + 14.06 years), with body weights ranging from 31 to 124 kg (mean
weight of 75.53 + 16.72 kg). Participants were from Al-Safeer Hospital, Baghdad. Clinical
PET/CT examinations for oncological indications were done between March and July 2024.
This study does not require ethical approval. Patients who had undergone chemotherapy or
radiotherapy within 4 weeks before the examination were excluded from the study.

The patients were instructed not to perform any heavy muscular activity 24 hours prior to
the exam to prevent unnecessary uptake and minimize the imaging background. They were
advised to consume 1 liter of water within two hours prior to FDG administration to ascertain
whether the concentration of '®F-FDG was within the standard range (< 120 mg/dl for non-
diabetics). Both European and American recommendations for PET/CT imaging advise
measuring blood glucose levels before the scanning, postponing the test if the level is above
200 mg/dl [18].

A comprehensive patient history was obtained encompassing information regarding prior
chemotherapy and/or radiotherapy. The "*F-FDG injection dose (mCi), blood glucose level
(mg/dl), the age of the patients (years), and their height (cm) and weight (kg) at the time of the
exam were reported. Their body mass index (BMI) was then computed via the following
formula [18]:

BMI = Wel.ght (Kg)
Height(m)?
The patients' nutritional state was categorized based on World Health Organization criteria

[18]. Based on the calculated BMI, patients were classified into four nutritional status

categories, as shown in Table 1.

Table 1: Classification of participants based on BMI [!®]

BMI (kg/ m?) Weight Status
Below 18.4 Underweight
18.5-24.9 Normal
25.0-29.9 Overweight
30.0-43.9 Obese grade |

35-39.9 Obese grade 11
Greater than or to 40 Obese grade III

Before entering the PET examination room, patients were provided with instructions to empty
their bladders. They were positioned in a supine posture, elevating their arms and anteriorly
positioning their heads. The bed shuttle was arranged to begin the PET phase of the treatment
after a CT scan for attenuation correction. Throughout the PET/CT procedure, patients were
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instructed to remain motionless and engage in shallow breathing. Spacing was deliberately
maintained between artifacts, metals, and other objects that can cause attenuation to maintain a
good quality image and avoid any reduction in resolution. Emission data were gathered over a
timeframe of 45 to 90 minutes following the administration of '*F-FDG.

2.1 PET/CT examinations

The study was performed with a GEMINI TF PET/CT system (Philips Medical Systems,
Cleveland, OH, USA). The scanner's detector used lutetium-yttrium oxyorthosilicate (LYSO)
crystals measuring 4 x 4 x 22 millimeters. A CT facility outfitted with a 64-slice scanner was
used, with a stable tube voltage of 90, 120, or 140 kilovolts peak (kVp). The tube current time
product (mAs) varied between 20 and 500 mAs.
An FDG dose at a concentration of (0.1-0.2) mCi per kg of body weight was administered
intravenously through an IV line inserted in the patient’s arm or hand. The PET scan was
performed immediately thereafter, followed by a diagnostic CT scan. A low-dose CT scan was
conducted to adjust for attenuation and scatter. The diagnostic CT exams were conducted using
a tube peak voltage of 120 kV and a rotation speed of 0.44 seconds.

Typically, the scan encompassed the area from the middle of the cranium to the upper part of
the thigh. Images were acquired at 45-90 minutes’ post-injection of FDG. Three-dimensional
PET data were acquired for 1-4 minutes at each bed position while the subject was breathing
normally. Furthermore, apart from accounting for attenuation and scatter, all the data underwent
correction for dead time and random coincidences.

2.2 Statistical Analysis

The data were reported using the mean and standard deviation (SD). Microsoft Office Excel
2016 was used for all statistical analyses. For comparison purposes a paired and unpaired
Student's t-test was done, a result was considered statistically significant if P < 0.05.

3. Results

The patients' height (m), weight (kg), glycemia at study time (mg/dl), age (years), and the
delivered dose of "*F-FDG (mCi) were recorded. Equation 2 was then used to calculate the
BMI.
All participants underwent '®F-FDG PET examinations with a mean of 7.77 + 1.25 mCi. The
mean + SD dose injected/weight was 0.10 + 0.01mCi/kg. Average body weight was 75.53 +
16.72 kg, and average height was 1.62 £ 0.09 m. Blood glucose level was measured for all
patients prior to injection. The demographic data recorded for the patients are reported in Table
2.

Table 2: Characteristics of participants included in the study

Parameters Normal cases (n=200)

Mean £SD

Age (years) 54.73 + 14.06

Body mass ( kg) 75.53 £16.72
Height (m) 1.62 £0.09
BMI ( Kg/m?) 28.62 +7.01
BE_-FDG (mCi) 7.77+£1.25
Dose injected /weight (mci/kg) 0.10£0.01

SUV max (g/ml) 2.38+0.61
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3.1 Relation between injection dose and BMI

Table 3 displays the average maximal '8F-FDG uptake (injection dose) of the examined
tissues across the four BMI groups. The increase in '8F-FDG uptake with higher BMI was noted
to be statistically significant.

The study evaluated the FDG PET/CT whole-body images of 200 patients. Mean + SD
injected '8F-FDG activity was 6.88 + 0.47 mCi for patients with low weight, 7.01 £+ 0.96 mCi
for those of normal weight, 7.70 = 0.91 for those who were overweight, and 8.55 + 1.27 for
those who were obese.
Comparisons between the four groups of BMI were then obtained, revealing a statistically
significant difference between all groups, as reported in Table 3.

Table 3: Results of the administration of 3F-FDG

Mean + SD
Groups Weight (kg) Height (m)  BMI kg/(m)? di?:iﬁf(lili) D?;eé\;ggg)ht p-value
Low weight 43.42 £ 6.67 1.67+0.10 1547+0.12 6.88+0.47 0.12+0.01 <0.05
Normal weight 62.58 £8.43 1.64+0.08 23.03+1.52 7.01+0.96 0.11+0.01 <0.05
Overweight 73.01 £8.30 1.64+0.08 2697+1.27 7.70+091 0.10+0.01 <0.05
Obese 90.83+14.06 1.60+0.08 35.06+4.6  855+1.27 0.09+0.01 <0.05

3.2 Relation between SUVmax with BMI
Upon examining the average liver SUV values based on BMI, as reported in Table 4, a
significantly high value of SUVmax was observed among obese individuals.
The mean values of BMI SUVax were 2.07 £ 0.53, 2.11 £ 0.47, 2.38 + 0.65, and 2.56+ 0.47,
for low weight, normal weight, overweight, and obese patients, respectively. The results

showed a significant change between SUVmax and BMI for the liver, p-value < 0.05.

Table 4: SUVmax values according to BMI

Mean £+ SD
Groups BMI kg/(m)? S(g/‘:n"i;x p-value
Low weight 15.47+0.12 2.07+0.53 <0.05
Normal weight 23.03 £ 1.52 2.11+0.47 <0.05
Overweight 26.97 +1.27 2.38+0.65 <0.05
35.06 £4.6 2.56 +£0.47 <0.05

3.3 Relation between age, SUVmax, and FDG uptake
The subjects were grouped into seven age groups (18-28, 28-38, 38-48, 4858, 58—68, 68—
78, and 78-88 years). Overall, the liver SUVax (from 2.72+0.57 to 2.83+0.72) showed a

significant increase until the age group 48-58, as can be seen in Table 5.
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Table 5: Mean SUVs and '"®F-FDG uptake of normal liver in different subject age groups.
BE.FDG

Age (years) SUVmax (g/ml) p-value uptake (mCi) p -value
18-28 2.72+0.57 <0.05 7.65+1.14 <0.05
28-38 2.76 £0.81 >0.05 7.99 £1.32 >0.05
38-48 2.79+0.62 <0.05 8.15+1.44 <0.05
48-58 2.83+0.72 <0.05 832+1.19 <0.05
58-68 2.79+0.83 <0.05 8.43+1.23 <0.05
68-78 2.75+0.80 <0.05 7.62+1.29 <0.05
78-88 2.66 +0.75 <0.05 7.18 £0.68 <0.05

4. Discussion

Observing, characterizing, and measuring biological events at the molecular and cellular
levels within a living creature is known as molecular imaging.
One of the medical imaging modalities that is rapidly growing in use for the clinical
management of cancer patients is PET [19]. Inaccurate physiological FDG uptake recordings
might cause a PET scan to be misinterpreted, which can reduce the effectiveness of the
procedure and produce false diagnostic results [20]. Numerous studies have shown the reasons
behind the physiological variation in the distribution of FDG [21].

This study aimed to determine the impact of patient-and procedure-related variables,
specifically SUVmax and FDG uptake, on liver metrics. It was found that age and BMI are
important determinants of liver SUVmax. Establishing a reference range of SUVs with *F-FDG
PET/CT across a range of age groups is clinically valuable, as prior research has identified a
correlation between age and SUVs [22-23].

In this five-month retrospective study of 200 people, it was found that the liver's SUV max
rose until the age group 48-58; after that, it decreased.
Seven age groups were studied in this investigation to determine a normative range of baseline
SUVs. When treating cancer patients of different ages, this can help physicians select
appropriate SUVs based on the reference background. The age-related SUV patterns found in
our study have several reasonable biological explanations. Organ metabolism, organ
degeneration, and molecular transport provide insight into the relevant mechanisms. At the
cellular level, the volume of hepatocytes increases with age, whereas the quantity of
hepatocytes and their functional volume both significantly decrease [24]. Moreover, there is a
favorable correlation between hepatic metabolic activity and age in adults [25]. According to
earlier studies, the increase in FDG uptake with age may suggest changes in liver volume and
hepatocyte amount as well as age-related metabolic activity [26]. Cao et al. suggested that there
might be age-related hepatotoxins causing cumulative inflammatory changes [25]. The trends
in blood pool SUV may be explained by the organ's metabolic rate, which is regulated by ageing
[27]. The similarities between previous research and our own analysis indicate that our results
have a high degree of scientific validity.

The effects of age, BMI, and dose on '"®F-FDG uptake in the liver have been documented in
numerous studies [28, 29]. These effects were examined in 51 patients (28 males and 23
females) in a study conducted by Mahmud et al. [30].

Our data showed no discernible positive correlation between age and liver SUVmax, which
could be because of the small sample size, the inclusion of elderly patients, and differences in
SUVmax. Lin et al. conducted a study of 339 asymptomatic subjects [31], examining the
correlations between liver SUVs and sex, age, and HBV and HCV infection status. The authors
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reported that liver SUVs were significantly positively correlated with age. The other factors did
not exhibit any significant associations with SUVs [23].

In the current study, a statistically significant and positive correlation was observed between

the liver's SUV and age. This suggests that the physiological uptake of FDG in the liver may
be higher in elderly individuals than in younger adults. High levels of physiological background
could potentially reduce the diagnostic sensitivity and accuracy of FDG PET imaging in the
identification of malignant lesions. This could cause false negatives in liver tests in older
people.
Finally, age has a considerable and beneficial impact on the liver's maximal and mean SUV in
FDG PET imaging. The high physiological baseline FDG uptake will reduce the diagnostic
sensitivity and accuracy of liver cancer detection. Previous research has documented the
influence of body weight and BMI on the delivery of FDG to tissue and circulation [32]. Our
research has verified that individuals with a higher body mass index (BMI) exhibit a higher
level of normal blood and tissue FDG absorption than those with a lower BMI. This is most
likely due to the fact that fat accumulates minimal amounts of FDG during a fasting state,
resulting in a higher absorption of FDG by non-fatty tissue.

5. Conclusion

1. When calculating liver SUVmax, age is probably a major factor. As people age, their liver's
physiological uptake of FDG can change significantly. Before analyzing whole-body PET/CT
images the liver background SUVmax changes with age should be determined to follow the
progress of the disease.

2. SUVmax overestimates all patients' metabolic activity, and to a more significant extent in
obese individuals than in those with a normal BMI.

6. Recommendations

1. Reducing patient radiation exposure is an essential objective. Patients must be protected
from excessive exposure to radiation in the course of 'SF-FDG whole-body PET/CT
investigations while still preserving or enhancing diagnostic quality. Our research indicates that
this objective is attainable when BMI is used as the criterion for dose modification. Within our
department, BMI has emerged as a significant factor in '®F-FDG whole-body PET/CT studies
and has the potential to be similarly utilized in any department where it is adopted.

2. To support the current study and ensure the accuracy of the results, it is essential to conduct
additional studies with a larger patient population and across different organs. This will enable
a more comprehensive statistical analysis and more accurate results.
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8. Limitations of the study

Since our study only included one organ and the sample size was small, more individuals
would be needed to obtain more precise and trustworthy results. Additionally, a variety of
cancer types should be studied in order to determine the maximum SUV for each organ.
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