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Background: Kidneys and urinary bladder are common physiologic uptake sites of 18fluorine-
fluorodeoxyglucose (18F-FDG) causing increased exposure of low energy ionizing radiation to these organs. 
Accurate measurement of organ dose is vital as 18F-FDG is directly exposed to the organs. Organ dose 
from 18F-FDG PET is calculated according to the injected 18F-FDG activity with the application of dose 
coefficients established by International Commission on Radiological Protection (ICRP). But this dose 
calculation technique is not directly measured from these organs; rather it is calculated based on total injected 
activity of radiotracer prior to scanning. This study estimated the 18F-FDG dose to the kidneys and urinary 
bladder in whole body positron emission tomography/computed tomography (PET/CT) examination by 
comparing dose from total injected activity of 18F-FDG (calculated dose) and dose from organs activity based 
on the region of interest (ROI) (measured dose). 
Methods: Nine subjects were injected intravenously with the mean 18F-FDG dose of 292.42 MBq prior to 
whole body PET/CT scanning. Kidneys and urinary bladder doses were estimated by using two approaches 
which are the total injected activity of 18F-FDG and organs activity concentration of 18F-FDG based on 
drawn ROI with the application of recommended dose coefficients for 18F-FDG described in the ICRP 80 
and ICRP 106. 
Results: The mean percentage difference between calculated dose and measured dose ranged from 98.95% 
to 99.29% for the kidneys based on ICRP 80 and 98.96% to 99.32% based on ICRP 106. Whilst, the mean 
percentage difference between calculated dose and measured dose was 97.08% and 97.27% for urinary 
bladder based on ICRP 80 while 96.99% and 97.28% based on ICRP 106. Whereas, the range of mean 
percentage difference between calculated and measured organ doses derived from ICRP 106 and ICRP 80 
for kidney doses were from 17.00% to 40.00% and for urinary bladder dose was 18.46% to 18.75%. 
Conclusions: There is a significant difference between calculated dose and measured dose. The use of 
organ activity estimation based on drawn ROI and the latest version of ICRP 106 dose coefficient should be 
explored deeper to obtain accurate radiation dose to patients.
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Introduction

The combined positron emission tomography (PET) 
and computed tomography (CT) or known as PET/
CT scan has been established as a powerful imaging 
modality to acquire fusion images of anatomic details 
and metabolic activity of tissues in a single examination. 
18fluorine-fluorodeoxyglucose (18F-FDG) is a glucose 
analogue and it has been considered as the most frequently 
used radiotracer for oncology imaging (1). As 18F-FDG 
is injected into the body, it accumulates in the tissue 
that has higher glucose level such as tumor cells which 
will show greater intensity (hot spots) in the PET/CT  
images. 

This high 18F-FDG intensity is not only seen in the 
tumor cells but also in the normal tissues including kidneys 
and urinary bladder as 18F-FDG cannot be reabsorbed 
in the proximal tubule of the kidneys and will be directly 
excreted through urine into the urinary bladder. Due to 
the kidney excretion of 18F-FDG, kidney diseases such 
as lymphoma, leukemia, or metastatic disease can be 
neglected (2). In addition, the accumulation of 18F-FDG in 
these organs exposes them to ionizing radiation which can 
lead to increasing internal radiation dose to the patient. 
Thus, it is essential to calculate the internal dose to organs 
from the distribution of radiotracer in both diagnostic and 
therapeutic nuclear medicine examinations (3).

Since kidneys have complex structural and functional 
properties, the concern of kidneys and urinary bladder 
doses in 18F-FDG PET/CT examination is an interesting 
f i e ld  o f  rad ia t ion  protec t ion  which  needs  more 
investigations. Hence, precise estimation of radiation dose 
to the organs concerning the administration of 18F-FDG as 
a radiotracer is vital in the clinical area. The internal dose 
to organs from PET is calculated according to the injected 
radiotracer activity with the use of dose coefficients 
suggested by ICRP. However, this dose calculation 
method is not directly measured from the organs; rather 
it is calculated based on total injected activity of the 
radiotracer. 

The aim of this preliminary study was to estimate the 
18F-FDG dose to the kidneys and urinary bladder in whole 
body PET/CT examination based on region of interest (ROI); 
assigned as measured dose. The values were then compared 
to calculated dose from total injected 18F-FDG activity with 
the application of dose coefficient recommended by the 
ICRP reports; assigned as calculated dose.

Methods

Participant characteristics

Nine subjects within the age of 19 to 25 y (mean ± SD, 
20.78±1.99 y), height from 150 to 172 cm (mean ± SD, 
161.11±8.60 cm), and weight from 47 to 74 kg (mean ± SD, 
55.44±10.68 kg) were recruited in the whole body PET/
CT examination. Table 1 shows a demographic overview 
of all patients who underwent the PET/CT examination. 
They fasted for at least six hours and emptied their urinary 
bladders prior to the examination. Whole body PET/
CT scans were performed for 62–70 minutes (mean ± 
SD, 66±5.66 minutes) after intravenous injection of the 
18F-FDG. The injected activity was 262.33–324.12 MBq 
(mean ± SD, 292.42±20.89 MBq). The study was accepted 
by the Research Ethical Committee Universiti Teknologi 
MARA (UiTM): 600-IRMI (5/1/6) as it is related to 
human as a subject. Each subject had been notified about 
the research purposes and written informed consent was 
obtained before they participated in this study. Their 
involvement was voluntary.

PET/CT scanning protocol and process

This study used the Siemens Somatom Biograph 64 
TruePoint PET/CT scanner (Siemens Medical Solutions, 
Erlangen, Germany). The subjects were kept lying down 
in a supine position on the table during the procedure. A 

Table 1 Characteristics of the subjects

Patient Gender Age (y) Weight (kg) Height (cm)

1 M 25 71 172

2 M 21 74 167

3 M 20 53 171

4 M 22 61 165

5 M 22 51 165

6 F 19 47 150

7 F 19 47 155

8 F 19 47 152

9 F 20 48 153

Mean – 20.78 55.44 161.11

SD – 1.99 10.68 8.60

SD, standard deviation.
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CT scout view was then acquired from the vertex to the 
mid-thigh area for anatomical localization and attenuation 
correction. A PET image was obtained in a three-
dimensional (3D) mode at 2 minutes per bed position. 
Each PET/CT examination takes about 17 minutes to be 
completed including 5 minutes to obtain CT image while 
another 12 minutes for PET scanning. 

Calculation of internal organ doses

Internal doses of the kidneys and urinary bladder from 
18F-FDG PET scanning were estimated by using two 
methods which are total injected activity of 18F-FDG 
(calculated dose) and activity concentration measured within 
ROI of the organs (measured dose). These two values were 
then multiplied with recommended dose coefficients for 
18F-FDG described in the ICRP 80 (4) and ICRP 106 (5) 
to estimate organ dose. Thus, two equations were used in 
this study to estimate organ doses. The first method was 
calculated using the methodology described in the previous 
research (6) by the equation:

( )0
FDG

T T
mGyD A MBq
MBq

 
= Γ × 

   
[1]

where T is an organ or tissues, DT is the absorbed dose 
to a kidney or urinary bladder obtained from PET scan, 
the dose coefficient of kidneys or urinary bladder, FDG

TΓ  as 
suggested in Publication 80 and 106 of the ICRP, and A0 is 
the total injected 18F-FDG activity that was recorded prior 
to scanning. 

The second method was measured using organ activity 
based on drawn ROI by the following equation:

( )FDG
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mGyD A MBq
MBq

 
= Γ × 

   
[2]

where AT is the kidney or urinary bladder activity in MBq. 
AT was derived using the methodology described in (7) by 
the following equation: 

( )3
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BqA A V cm
mL

 = × 
   

[3]

where Amean is the average kidney or urinary bladder activity 
concentration that was measured from the static whole 
body 3-D PET image by manually drawing the ROI within 
each organ across all image planes that contained them. 

VT is the volume of organ that was measured from CT 
images based on volume measuring application available 
on a workstation (Leonardo, Siemens Medical Solutions, 
Erlangen, Germany). ROI was drawn within the kidneys 
and urinary bladder in axial CT images which were acquired 
at 5-mm slice thickness. These drawn ROIs from all slices 
of axial CT images were automatically added by using the 
reconstruction interval at the workstation to calculate the 
organ volume (8).

This study assumed direct 18F-FDG uptake with no 
biological elimination (9). Organ doses were estimated 
and compared from the two methods of measured organ 
activity based on ICRP 80 and ICRP 106. Both doses were 
compared to assess the mean percentage difference between 
them. The percentage difference between calculated 
dose and measured dose was calculated by the following 
equation:

( ) ( ) ( )
( )

% 100
Calculated dose mGy Measured dose mGy

Calculated dose mGy
−

= ×  [4]

The percentage difference of kidney and urinary bladder 
doses between ICRP 80 and ICRP 106 was calculated by 
the following equation:

( ) ( ) ( )
( )

80 106
% 100

80
Dose ICRP mGy Dose ICRP mGy

Dose ICRP mGy
−

= ×
 

[5]

Results

Organs volume and activity

The volume and activity of the kidneys and urinary bladder 
were measured from the static whole body 18F-FDG PET/
CT images as shown in Table 2. The mean volume of the 
male left kidney was 150.86 cm3 and the right kidney was 
157.16 cm3. While the mean volume of the female left 
kidney was 126.66 cm3 and the right kidney was 115.51 cm3.

Kidney doses

The mean kidney doses based on ICRP 80 and ICRP 106 
for both genders are shown in Tables 3 and 4, respectively. 
The mean calculated dose to the male kidneys was slightly 
lower than the female kidneys. Whereas, no significant 
difference was observed between the male measured dose 
for both sides of the male and female kidneys (P>0.05). 
The mean percentage difference between calculated dose 
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and measured dose to the kidneys ranged from 98.95% to 
99.29% based on ICRP 80 and 98.96% to 99.32% based on 
ICRP 106. This is due to the changes of the dose coefficient 
for the kidneys from 0.021 to 0.017, which has reduced 
the absorbed dose to the kidneys. The mean percentage 
difference of calculated dose to the kidneys between ICRP 
80 and ICRP 106 was 19.05% and measured dose ranged 

from 17.00% to 40.00% as demonstrated in Table 5. 

Urinary bladder doses

The mean urinary bladder doses based on ICRP 80 and 
ICRP 106 are shown in Tables 6 and 7, respectively. The 
mean calculated dose to the male urinary bladder was 

Table 3 Kidney doses based on ICRP 80

Patient Calculated dose (mGy)
Measured dose (mGy) Percentage difference (%)

LK RK LK RK

1 5.51 0.05 0.07 99.09 98.73

2 5.93 0.03 0.07 99.49 98.82

3 5.90 0.06 0.05 98.98 99.15

4 6.70 0.05 0.06 99.25 99.10

5 5.84 0.05 0.06 99.14 98.97

m ± SD 5.98±0.44 0.05±0.01 0.06±0.01 99.19 98.95

6 5.86 0.05 0.04 99.15 99.32

7 6.81 0.04 0.04 99.41 99.41

8 6.45 0.05 0.04 99.22 99.38

9 6.28 0.06 0.06 99.04 99.04

m ± SD 6.35±0.39 0.05±0.01 0.05±0.01 99.21 99.29

m, mean; SD, standard deviation; LK, left kidney; RK, right kidney.

Table 2 Kidneys and urinary bladder volume and activity

Patient
Injected activity, A0 

(MBq)

Kidney volume, VK (cm3) Kidney activity, AK (MBq) Urinary bladder 
volume, VB (cm3)

Urinary bladder activity, 
AB (MBq)LK RK LK RK

1 262.33 174.84 197.97 2.35 3.42 87.69 4.92

2 282.31 163.64 147.91 1.41 3.11 66.39 2.35

3 280.83 171.31 163.01 2.99 2.47 44.17 1.90

4 318.94 129.50 151.83 2.17 3.06 181.45 5.07

5 278.24 115.02 125.06 2.38 2.95 142.41 27.94

m ± SD 284.53±20.83 150.86±26.91 157.16±26.66 2.26±0.57 3.00±0.34 104.42±56.42 8.44±11.00

6 278.98 121.90 107.21 2.40 1.85 154.78 13.72

7 324.12 160.17 157.38 2.04 1.78 132.38 8.17

8 307.10 109.37 96.16 2.27 1.81 47.71 2.23

9 298.96 115.20 101.30 2.70 2.95 142.81 8.17

m ± SD 302.29±18.75 126.66±22.92 115.51±28.27 2.35±0.28 2.10±0.57 119.42±48.67 8.07±4.69

m, mean; SD, standard deviation; LK, left kidney; RK, right kidney.
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Table 4 Kidney doses based on ICRP 106

Patient Calculated dose (mGy)
Measured dose (mGy) Percentage difference (%)

LK RK LK RK

1 4.46 0.04 0.06 99.10 98.65

2 4.80 0.02 0.05 99.58 98.96

3 4.77 0.05 0.04 98.95 99.16

4 5.42 0.04 0.05 99.26 99.08

5 4.73 0.04 0.05 99.15 98.94

m ± SD 4.84±0.35 0.04±0.01 0.05±0.01 99.21 98.96

6 4.74 0.04 0.03 99.16 99.37

7 5.51 0.03 0.03 99.46 99.46

8 5.22 0.04 0.03 99.23 99.43

9 5.08 0.05 0.05 99.02 99.02

m ± SD 5.14±0.32 0.04±0.01 0.04±0.01 99.22 99.32

m, mean; SD, standard deviation; LK, left kidney; RK, right kidney.

Table 5 The percentage difference of kidney doses between ICRP 80 and ICRP 106

Gender
Kidneys calculated dose (mGy)

Percentage difference (%)

Kidneys measured dose (mGy)
Percentage difference (%)

ICRP 80 ICRP 106

ICRP 80 ICRP 106 LK RK LK RK LK RK

Male 5.98 4.84 19.05 0.05 0.06 0.03 0.05 40.00 17.00

Female 6.35 5.14 19.05 0.05 0.05 0.04 0.04 20.00 20.00

LK, left kidney; RK, right kidney.

Table 6 Urinary bladder doses based on ICRP 80

Patient Calculated dose (mGy) Measured dose (mGy) Percentage difference (%)

1 41.97 0.79 98.54

2 45.17 0.38 99.16

3 44.93 0.30 99.33

4 51.03 0.81 98.41

5 44.52 4.47 89.96

m ± SD 45.53 ±3.33 1.35±1.76 97.08

6 44.64 2.20 95.07

7 51.86 1.31 97.47

8 49.14 0.36 99.27

9 47.83 1.31 97.26

m ± SD 48.37±3.00 1.30±0.75 97.27

m, mean; SD, standard deviation; LK, left kidney; RK, right kidney.
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slightly lower than the female urinary bladder. While the 
mean measured dose to the urinary bladder of the males 
was slightly higher than the female urinary bladder. The 
mean percentage difference between calculated dose and 
measured dose to the urinary bladder was 97.08% and 
97.27% based on ICRP 80. Whereas, the mean percentage 
difference was 96.99% and 97.28% based on ICRP 106. 
The change of the dose coefficient for the urinary bladder 
from 0.16 to 0.13 had resulted in a decrease in the urinary 
bladder dose. The mean percentage difference of calculated 
dose to the urinary bladder between ICRP 80 and ICRP 
106 was 18.75% and measured dose ranged from 18.46% to 
18.52% as demonstrated in Table 8.

Discussion

With the increasing frequency of whole body PET/CT 
examination, accurate measurement of the 18F-FDG dose 
is important as it directly exposes radiosensitive organs. 

There are several studies that estimate internal dose from 
administered 18F-FDG (1,6,10,11). However, only one 
study (1) that estimated the 18F-FDG dose based on activity 
concentration of organ measured by drawn ROI for both 
genders. In this current study, kidneys and urinary bladder 
doses were estimated using two calculation methods which 
are the total injected activity of 18F-FDG and activity 
concentration of organ measured by drawn ROI. The 
measured dose from organs activity concentration was 
compared with calculated dose from total injected 18F-FDG 
activity. 

A large difference was observed for kidneys and urinary 
bladder internal doses from administered 18F-FDG between 
calculated dose and measured dose. The measured dose was 
less than the calculated dose established in both ICRP 80 
and ICRP 106. According to the previous studies (12,13), 
they reported that the physiological biodistribution of 
18F-FDG in the kidneys was 1.3% of the injected dose for 
the normal human body. Therefore, this current study 
found that the variability in the distribution of 18F-FDG 
concentration in the organs may affect the calculation of 
organ dose based on drawn ROI. This is due to several 
reasons such as manually drawn ROI for 18F-FDG 
concentration measurement, the limitation of the ROI size 
and position and the administered radiotracer activity (1).

The mean calculated dose to the kidneys based on ICRP 
80 was slightly higher than a previous study (6). They 
reported that the PET dose to the kidney was 4.1 mSv  
which was similar to the absorbed dose to other organs 
such as the brain, spleen, pancreas, and liver. This is 
due to the difference in the dose coefficient used for 
18F-FDG established by ICRP 80 as they multiplied the 
dose coefficient value of remaining organs instead of 
kidneys value with the total injected 18F-FDG activity. 
Moreover, the mean calculated dose to the urinary bladder 
in ICRP 80 was higher than the kidneys dose. This result 
is in agreement with previous studies (6,11), where they 
reported that the urinary bladder had the highest PET 
dose; 59.2 mSv, as compared to the other organs with  
370 MBq of injected 18F-FDG activity. This is due to the 

Table 7 Urinary bladder doses based on ICRP 106

Patient
Calculated Dose 

(mGy)
Measured Dose 

(mGy)
Percentage 

difference (%)

1 34.10 0.64 98.12

2 36.70 0.31 99.16

3 36.51 0.25 99.32

4 41.46 0.66 98.41

5 36.17 3.63 89.96

m ± SD 36.99± 2.71 1.10±1.43 96.99

6 36.27 1.78 95.09

7 42.14 1.06 97.48

8 39.92 0.29 99.27

9 38.87 1.06 97.27

m ± SD 39.30±2.44 1.05±0.61 97.28

m, mean; SD, standard deviation; LK, left kidney; RK, right 
kidney.

Table 8 The percentage difference of urinary bladder doses between ICRP 80 and ICRP 106

Gender
Urinary bladder calculated dose (mGy) Percentage 

difference (%)

Urinary bladder measured dose (mGy)
Percentage difference (%)

ICRP 80 ICRP 106 ICRP 80 ICRP 106

Male 45.53 36.99 18.75 1.35 1.10 18.52

Female 48.37 39.30 18.75 1.30 1.06 18.46
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fact that the urinary bladder is considered as the final 
location of 18F-FDG accumulation as 18F-FDG was excreted 
through the kidneys. 

This study found that there was a reduction in estimated 
organ doses from ICRP 106 dose coefficient compared to 
ICRP 80 for 18F-FDG substance. The mean percentage 
difference between ICRP 106 and ICRP 80 in the male 
and female kidneys doses ranged from 17.00% to 40.00%, 
while for urinary bladder doses ranged from 18.46% to 
18.52%. A former study (14) stated that effective dose 
estimation between the ICRP 60 and ICRP 103 tissue-
weighting factors showed large differences by 21% to 31% 
for CT procedures. Hence, the finding in the present study 
demonstrated that the estimation of organ dose based on 
ICRP dose coefficient involving administration of the 
18F-FDG substance is significant for the future research 
especially on radiation protection area as it affects the 
calculation of organ absorbed dose.

The mean calculated dose to the female kidneys was 
slightly higher than male kidneys according to both ICRP 
80 and ICRP 106. Similar to current finding, the mean 
18F-FDG dose to the female and male kidneys was recently 
reported (10) at 5.3 and 4.5 mGy respectively for standard 
PET/CT examination. While for diagnostic PET/CT 
examination, the mean kidneys dose for the female was  
5.2 mGy and was 4.4 mGy for the male. This may be due 
to the difference in the administered activity of 18F-FDG 
for each subject that may affect the calculated dose to the 
kidneys of males and females. The amount of administered 
activity and patient’s size are several factors that contribute 
to the patient radiation dose from PET/CT examination (7).

Inversely, the difference in the mean measured dose 
between the male and female kidneys was not significant 
indicating that there was no difference in the distribution 
of 18F-FDG concentration in the male kidneys and female 
kidneys. This finding is in agreement with the previous 
study (7), in which 18F-FDG biodistribution in the male 
and female brains were reported to have no difference 
due to the fact that there is no significant difference in the 
residence times of 18F-FDG activity. They assumed that the 
18F-FDG distribution in the brain depends on the selection 
of subject’s characteristics for the research. The distribution 
of 18F-FDG in the male and female varied because of 
physiological differences (7,15), between genders.

The inconsistency in measured dose to the urinary 
bladder in this  study can be observed due to the 
difference in the urinary bladder activity and volume, 
where the highest was 27.94 MBq. According to previous 

studies (16,17), they assumed that the differences in the 
reabsorption of 18F-FDG by renal tubule could affect the 
activity of the urinary bladder. The urinary bladder has an 
elastic wall where the volume depends on the volume of the 
contained urine (18). Thus, an underestimation of measured 
dose to the urinary bladder would occur if the measurement 
of urinary bladder dose is estimated before 18F-FDG 
injection.

Conclusions 

This study demonstrated that the estimation of organ 
18F-FDG activity based on drawn ROI and the use of 
ICRP 106 dose coefficient results in a decrement of organ 
absorbed dose for both genders. Therefore, the application 
of new organ activity estimation and the latest version of 
ICRP 106 dose coefficient should be further explored by 
research committees in order to produce accurate internal 
dose received by a patient in the whole body PET/CT 
examination.
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