
A Dedicated Paediatric [18F]FDG PET/CT Dosage
Regimen
Christina Cox  (  c.cox@erasmusmc.nl )

Erasmus MC https://orcid.org/0000-0001-5313-6727
Daniëlle M.E. vas Assema 

Erasmus MC
Frederik A. Verburg 

Erasmus MC
Tessa Brabander 

Erasmus MC
Mark Konijnenberg 

Erasmus MC
Marcel Segbers 

Erasmus MC

Research Article

Keywords: Image quality, PET, [18F]FDG activity, dose optimization, patient size, body weight

Posted Date: June 2nd, 2021

DOI: https://doi.org/10.21203/rs.3.rs-534048/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

Version of Record: A version of this preprint was published at EJNMMI Research on July 19th, 2021. See
the published version at https://doi.org/10.1186/s13550-021-00812-8.

https://doi.org/10.21203/rs.3.rs-534048/v1
mailto:c.cox@erasmusmc.nl
https://orcid.org/0000-0001-5313-6727
https://doi.org/10.21203/rs.3.rs-534048/v1
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1186/s13550-021-00812-8


A dedicated paediatric [18F]FDG PET/CT dosage regimen 1 

 2 

Christina P.W. Cox1 Orcid ID: 0000-0001-5313-6727 3 

Daniëlle M.E. van Assema1 Orcid ID: 0000-0003-0555-7441 4 

Frederik A. Verburg1 Orcid ID: 0000-0003-1401-1993 5 

Tessa Brabander 1 Orcid ID: 0000-0002-8000-6490 6 

Mark Konijnenberg 1 Orcid ID: 0000-0001-5895-8500 7 

Marcel Segbers1  8 

1 Department of Radiology & Nuclear Medicine, Erasmus Medical Centre, Rotterdam, the Netherlands 9 

 10 

Address: 11 

Erasmus Medical Center  12 

Department of Radiology & Nuclear Medicine 13 

Postbus 2040 3000 CA Rotterdam 14 

The Netherlands 15 

 16 

Corresponding Author: 17 

 18 

Christina P.W. Cox 19 

Email: c.cox@erasmusmc.nl 20 

Telephone number: +31107040132 21 

 22 

Email addresses of other authors: 23 

Daniëlle M.E. van Assema: d.vanassema@erasmusmc.nl 24 

Frederik A. Verburg: f.verburg@erasmusmc.nl 25 

Tessa Brabander: t.brabander@erasmusmc.nl 26 



Mark Konijnenberg: m.konijnenberg@erasmusmc.nl 27 

Marcel Segbers: m.segbers@erasmusmc.nl 28 

 29 

Abstract 30 

 31 

Background 32 

The role of 2-[18F]fluoro-2-deoxy-D-glucose ([18F]FDG) Positron emission tomography / computed 33 

tomography (PET/CT) in children is still expanding. Dedicated paediatric dosage regimens are needed to 34 

keep the radiation dose as low as reasonably achievable and reduce the risk of radiation-induced 35 

carcinogenesis. The aim of this study is to propose a paediatric dosage regimen based on patient size that 36 

provides a constant and clinical sufficient image quality at a reasonable effective dose. 37 

Methods 38 

In this retrospective analysis 102 children (54 boys and 48 girls) were included that underwent a 39 

diagnostic [18F]FDG PET/CT scan. The image quality of the PET scans was measured by the signal-to-40 

noise ratio (SNR) in the liver. The SNR liver was normalized (SNRnorm) for administered activity and 41 

acquisition time to apply curve fitting with body weight, body length, body mass index, body 42 

weight/body length and body surface area. Curve fitting was performed with two power fits, a non-linear 43 

2-parameter model α p-d and a linear single parameter model α p-0.5. The fit parameters of the preferred 44 

model were combined with a user preferred SNR to obtain at least moderate or good image quality for the 45 

dosage regimen proposal. 46 

Results 47 

Body weight demonstrated the highest coefficient of determination for the non-linear (R2 = 0.81) and 48 

linear (R2 = 0.80) models. The non-linear model was preferred by the Akaike’s corrected information 49 

criterion. We decided to use a SNR of 6.5, based on the expert opinion of three nuclear medicine 50 

physicians. Comparison with the quadratic adult protocol confirmed the need for different dosage 51 

regimens for both patient groups. The amount of administered activity can be reduced with at least 41% 52 



when compared with the current paediatric guidelines.  53 

Conclusion 54 

Body weight has the strongest relation with [18F]FDG PET image quality in children. The proposed non-55 

linear dosage regimen based on body mass will provide a constant and clinical sufficient image quality 56 

with a significant reduction of the effective dose compared to the current guidelines. A dedicated 57 

paediatric dosage regimen is necessary, as a universal dosing regimen for paediatric and adult is not 58 

feasible. 59 

 60 
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 64 

Background 65 

 66 

Currently, the role of 2-[18F]fluoro-2-deoxy-D-glucose ([18F]FDG) Positron emission tomography / 67 

computed tomography (PET/CT) imaging is still expanding in the diagnosis and follow-up of paediatric 68 

oncologic, infectious and inflammatory diseases (1, 2). This expansion brings a point of concern, since 69 

both the CT and the [18F]FDG expose patients to ionizing radiation, which can cause radiation-induced 70 

effects later in life (3). The risk of radiation-induced carcinogenesis is higher in children, as they have a 71 

longer post-radiation exposure life expectancy compared to adults (3). To reduce this risk, the radiation 72 

dose of paediatric PET/CT scans should be as low as reasonably achievable (ALARA) (4) with acceptable 73 

image quality and within a reasonable acquisition time. Therefore, optimization and harmonization of 74 

paediatric PET/CT imaging protocols is essential(5). 75 

 76 

For performing paediatric nuclear medicine procedures, both the Society of Nuclear Medicine and 77 

Molecular Imaging (SNMMI) and European Association of Nuclear Medicine (EANM) recommend the 78 



EANM paediatric dosage card (version 5.7.2016) (6, 7) or the 2016 North American Consensus 79 

guidelines (NACG) (7, 8). Both these guidelines have, however, several shortcomings as they are derived 80 

from adult-based protocols (9-12), and both focus on radiation dose without taking image quality into 81 

account (9-13). Moreover, the EANM paediatric dosage card recommends even higher administered 82 

activities per kilogram than the adult 2015 EANM [18F]FDG guidelines (14). These optimized adult 83 

guidelines recommends dosage regimens based on quadratic(15) or linear relationships (16-20) between 84 

administered activity, body weight and acquisition time to obtain a sufficient constant image quality. 85 

 86 

In contrast to adult dose regimens, only a few studies have been published on optimizing administered 87 

activities in children. Accorsi et al. (10) found that weight was the best patient-dependent indicator for the 88 

administered activity necessary to obtain constant sufficient image quality. A pilot study of van Gent et 89 

al.(21) focussed on body weight, showed that a linear relationship between body weight and administered 90 

activity results in a constant image quality.  Other studies have reduced the administered [18F]FDG 91 

activity per kilogram of body weight based on simulations of PET low-dose scans by reduction of count 92 

rates (11, 22, 23). 93 

 94 

The Paediatric Dosage Harmonization Working Group and the 2020 paediatric guideline stated that more 95 

data is needed to optimize the current guidelines (7, 24). This can be achieved by dedicated paediatric 96 

studies for optimizing the [18F]FDG PET guidelines. The aim of this study, therefore, is to investigate the 97 

relation between patient-dependent parameters and [18F]FDG PET image quality and to propose a 98 

dedicated paediatric dose regimen that provides a constant and clinical sufficient image quality. 99 

 100 

Methods 101 

 102 

Patients 103 



This retrospective study included 102 children (54 boys and 48 girls; mean age 12.5 ± 4.6 years; range 104 

0.5-17.9 years), that underwent a diagnostic [18F]FDG PET/CT scan at the Erasmus Medical Centre 105 

between January 2017 and July 2020. Inclusion criteria were: preparation according to local protocol; 106 

serum glucose < 7.0 mmol/L; administered activity +/- 10% of the recommended activity; PET 107 

acquisition time 60 +/- 5 minutes post injection and when disease was present no signs of extensive liver 108 

involvement on PET images. The same criteria were used to select 85 adult patients (26 male and 59 109 

female; mean age 57.0 ± 16.5 years) to compare with the paediatric results. The study was approved by 110 

the Medical Ethical Committee of the Erasmus Medical Centre (MEC-2021-0078), and procedures were 111 

in accordance with the Declaration of Helsinki of 1964, as revised in 2013. 112 

  113 

Patient-dependent parameters 114 

For each patient, the patient-dependent parameters were collected or calculated in order to investigate the 115 

relationship between these parameters and [18F]FDG PET image quality. Body weight (BW) [kg] and 116 

body height (H) [m] were collected from the patient files. Body mass index (BMI), Body weight per body 117 

height (BWH) and Body surface area (BSA) were calculated as follows: 118 

Body mass index (BMI): = 
𝑀𝐻2 [kg/m2] 119 

Body weight per body height (BWH): = 
𝑀𝐻 [kg/m] 120 

Body surface area (BSA): = 0.007184 × 𝑀0.425 × 𝐻0.725 [m2](25) 121 

 122 

[18F]FDG PET/CT 123 

Patients were prepared according to local protocols for [18F]FDG PET/CT in children and adults. Children 124 

had to fast for four hours prior to injection and were stimulated to drink water (body weight x 10 ml <10 125 

years or 500-1000 ml >10 years) during the last two hours before injection. Adults had to fast for six 126 

hours and drink 1000 ml of water before injection. Additionally, 17 children and 10 adults followed a 127 

carbohydrate-restricted diet for 24 hours and fasted the last 12 hours to suppress myocardial [18F]FDG 128 



uptake. Uptake of [18F]FDG in brown adipose tissue was suppressed in 91 children and 17 adults by 129 

administering Propranolol (0.33 milligram [mg] x BW with a maximum of 20 mg one hour before the 130 

injection for children and a fixed dose of 20 mg for adults. Dosing of [18F]FDG activity was determined 131 

with the local linearized quadratic dose regimen of 1.7 megabequerel per kilogram (MBq/kg) (≤ 55kg, 68 132 

children, with a minimum of 14 MBq); 2.3 MBq/kg (55-70kg, 26 children); 3.0 MBq/kg (71-95 kg, 7 133 

children) and 4.0 MBq/kg (≥ 96 kg, 1 child) and was intravenously injected (children median: 82 MBq; 134 

range 13-392 MBq and adults median: 138MBq; range 56-532 MBq) followed by resting in a warm and 135 

quiet room. PET images were acquired 60 ± 5 minutes for children and 59 ± 3 minutes for adults after 136 

tracer injection in supine position on a Siemens Biograph mCT PET/CT scanner (Siemens Healthineers, 137 

Erlangen, Germany). According to our local scan protocol, first a whole-body low dose CT with 138 

optimized parameters (26-28) was acquired for attenuation correction and localization purposes 139 

(Teenager/adult values in brackets). 80 kV (120 kV ); Quality reference mAs 140 (40 mAs); Automatic 140 

Exposure Control strength strong (average); rotation time 0.5 seconds; pitch 0.8 mm; slice thickness 2 141 

mm (3mm); reconstructed slice thickness 2 mm (3 mm) and a Siemens B19f Low Dose for Emission 142 

Computed Tomography kernel. Directly after the low dose CT, PET acquisition started with an 143 

acquisition time of 3 minutes per bedposition (mbp) from the inguinal region to the skull base with the 144 

arms up (61 children and all adults). Another 41 children (31 arms up, 10 arms down) were scanned from 145 

the skull base to the feet with 2 mbp for the additional lower extremities. Once acquisition was finished, 146 

PET scans were corrected for scatter and attenuation using the low dose CT, followed by reconstruction 147 

using ordered subset expectation maximization (OSEM; 3 iterations; 21 subsets; Point Spread Function 148 

(PSF) recovery; Time of Flight (TOF); a 3 mm Gaussian post reconstruction filter on a matrix of 200x200 149 

with a pixel size of 4.1x4.1 mm and 3mm slice thickness. 150 

 151 

Image analysis 152 

The reconstructed PET scans were analyzed for image quality based on the approach as described by de 153 

Groot et al. (15) and previously used by Cox et al. (29). Image quality was measured with the signal-to-154 



noise ratio (SNR) in the liver. To determine the SNR liver, a volume of interest (VOI) was placed in a 155 

lesion-free homogeneous part of the right liver lobe (diameter 3 cm) using Hermes Hybrid viewer 2.6D 156 

software (Hermes Medical Solutions, Stockholm, Sweden). The VOIs were placed at least 1 cm from the 157 

edge of the liver to avoid partial volume effects. The SNR liver was calculated by dividing the liver 158 

standard uptake value (SUV) mean normalized for body weight (SUVbw) by the standard deviation (SD) 159 

(15). The liver SUVmean can also be used as a measure for liver deoxyglucose metabolism (30, 31). In 160 

order to compare the liver deoxyglucose metabolism between children and adults, the liver SUVmean 161 

normalized by body surface area (SUVbsa) was determined. This value is less dependent on body size 162 

and age compared to SUVbw and therefore a better value for liver deoxyglucose metabolism (30, 31).  163 

 164 

PET image quality depends on the time per bedposition and the amount of administered activity. The 165 

product of these parameters is the dose time product (DTP [MBq·min]). The SNR liver can be normalized 166 

(SNRnorm liver [(MBq·min)−1/2]) for the administered activity and scan time per bedposition by assuming 167 

Poisson statistics in which noise increases with the square root of the signal (15). The SNRnorm liver is 168 

assumed independent of scan time and administered activity. 169 𝑆𝑁𝑅𝑛𝑜𝑟𝑚 𝑙𝑖𝑣𝑒𝑟 =    SNR liver√DTP       (Eq.1) 170 

 171 

Statistical Analysis 172 

All statistical analyses were performed using Graphpad PRISM version 9. In order to test for significant 173 

differences in liver deoxyglucose metabolism (liver SUVmean) and image quality (SNR liver and 174 

SNRnorm liver) between children and adults an unpaired t-test (α = 0.05) or a Mann-Whitney U test (α = 175 

0.05) after testing the data for normality by a Shapiro-Wilk test (α = 0.05) was performed. Furthermore, a 176 

Pearson product correlation was run to determine the correlations between SNR liver and SNRnorm liver 177 

with age in both patient groups. 178 

 179 



The coefficient of determination (Pearson R2) was used to select the best patient-dependent parameter 180 

after curve fitting of each parameter with SNRnorm liver. Curve fitting was applied to the parameters by 181 

using a power function (Equation 2) to obtain a non-linear dosage regimen as described before by the 182 

Groot et al. (15): 183 𝑆𝑁𝑅𝑛𝑜𝑟𝑚 𝑙𝑖𝑣𝑒𝑟,𝑓𝑖𝑡 = 𝛼𝑝−𝑑,             (Eq.2) 184 

where α and d are fit parameters and p is the patient-dependent parameter.  185 

Curve fitting was also performed with equation 3 to obtain a linear dosage regimen: 186 𝑆𝑁𝑅𝑛𝑜𝑟𝑚 𝑙𝑖𝑣𝑒𝑟,𝑓𝑖𝑡 = 𝛼𝑝−0.5,             (Eq. 3) 187 

where α is the fit parameter and p is the patient-dependent parameter 188 

 189 

Preference between the two models for each patient-dependent parameter was determined by the 190 

difference between the Akaike’s corrected information criterion values (ΔAICc) (32). 191 

 192 

To determine significant differences between the patient-dependent parameter fit with the highest R2 and 193 

the other patient-dependent parameters fits, the relative error between SNRnorm liver and SNRfit liver 194 

was calculated for each data point using (SNRfit liver – SNRnorm liver)/SNRfit liver × 100%. The 195 

relative error between the fits was tested with One-Way ANOVA test (α = 0.05) or a non-parametric 196 

Friedman test with additional post hoc tests after testing for normality (15). 197 

 198 

The fit parameters of the best patient-dependent parameter were used for the dose regimen proposal. The 199 

fit parameters were entered in the following expressions: 200 

Combining equation 1 and 2 results in the following non-linear expression for the DTP [MBq·min] (15): 201 𝐷𝑇𝑃 = 𝑆𝑁𝑅 𝑙𝑖𝑣𝑒𝑟2𝛼2 × 𝑝2𝑑.           (Eq.4) 202 

In the linear dosage regimen (d=0.5), DTP [MBq·min] is indicated by the following linear expression:  203 𝐷𝑇𝑃 = 𝑆𝑁𝑅 𝑙𝑖𝑣𝑒𝑟2𝛼2 × 𝑝.           (Eq.5) 204 



 205 

Results 206 

 207 

Patient-dependent parameters 208 

The measurements and calculations of the paediatric patient-dependent parameters are displayed in Table 209 

1. 210 

Table 1: Paediatric patient-dependent parameters and SUV values 

Parameters  Mean ± SD Range Median 

Body weight [kg] 45.9±19.9 3.8–96.0 46.5 

Body height [m] 1.49±0.26 0.57–1.86 1.58 

BMI [kg/m2] 19.4±4.3 11.7–33.9 18.8 

BWH [kg/m] 29.6±9.9 6.7–55.2 29.6 

BSA [m2] 1.5±0.5 0.3–2.5 1.7 

 211 

Liver deoxyglucose metabolism 212 

An unpaired t-test was performed to compare the liver deoxyglucose metabolism between children and 213 

adults. This showed that SUVbsa in children (0.57 ± 0.10) was significant lower (t (185) = 7.82, p < 214 

0.001) compared with SUVbsa in adults (0.69 ± 0.10) with a mean difference of 0.11 (95%CI, 0.09 to 215 

0.14). 216 

 217 

Image quality  218 

To compare the SNR liver between children and adults an unpaired T-test was performed, which showed 219 

a significant (t (185) = 4.561, p < 0.001) difference in mean SNR liver between children and adults. Also, 220 

the Mann-Whitney U test to compare the SNRnorm liver between adults and children revealed a 221 

significant (U = 3087, p < 0.001) difference between these two groups as displayed in figure 1. In 222 

children the correlation between SNR liver and age showed a weak significant positive correlation (r = 223 

0.272, n = 102, p = 0.006). For adults both SNR liver and SNRnorm liver showed no correlations with 224 

age of respectively r = -0.138, n = 85, p = 0.208 and r = -0.092, n = 85, p = 0.400. This is in contrast to 225 



SNRnorm liver in children, which strongly correlated with age in a negative direction (r = -0.795, n = 226 

102, p <0.001). 227 

 228 

Figure 1: Scatterplots of the SNR liver (A) and the SNRnorm liver (B) against age.  229 

 230 

Curve Fitting 231 

The results of the curve fitting of SNRnorm liver with patient-dependent parameters are presented in 232 

figure 2 and table 2. As can be seen body weight shows for both curves the highest R2 (0.81 and 0.80, 233 

respectively). The non-linear model is the preferred model, according to the AICc. For this model, the 234 

Friedman test with additional Dunn-Bonferroni post hoc test revealed only a significant difference (p < 235 

0.05) between the fit of body weight and the fit of body height. (Table 2).  236 

 237 

Figure 2: Curve fitting to determine the fit parameters for a linear and non-linear dosage regimen of the 238 

mean SNRnorm liver ([MBq·min)−1/2] versus Body weight (A), Body height (B), BMI (C), BWH (E) and 239 

BSA (E). The dashed lines represent the 95% confidence intervals of the fits. 240 

 241 

 242 

We decided to use an SNR liver of 6.5 to obtain acceptable image quality after a review by three 243 

independent nuclear medicine physicians. This SNR level will reduce the risk of scans with a poor image 244 

quality, which sometimes occurred in children < 20 kg.  245 

Table 2: Fits of SNRnorm liver with the patient-dependent parameters. 

Patient-dependent 

parameters 

SNRnorm liver,fit = α p-0.5 SNRnorm liver,fit = α p-d 

α R2 p value α d R2 p value ΔAICc AIC% 

Body weight [kg] 2.51 0.80 - 2.23 0.46 0.81 - 1.86  23.8  vs   71.20 

Body height  [m] 0.51 0.47 < 0.001 0.62 1.15 0.78    0.046 88.44 <0.01 vs >99.99 

BMI [kg/m2] 1.82 0.27 < 0.001 13.26 1.19 0.41 > 0.999 18.29     0.01 vs    99.99 

BWH [kg/m] 2.20 0.67 < 0.001 4.73 0.74 0.78 > 0.999 33.61 <0.01 vs >99.99 

BSA [m2] 0.50 0.75    0.001 0.51 0.64 0.81    0.085 23.89 <0.01 vs >99.99 



The proposed dedicated dosage regimen was obtained by combining equation 4 with an SNR liver of 6.5 246 

and the fit parameters of body mass which are α = 2.23 (95% CI 1.90 to 2.51) and d = 0.46 (95% CI 0.43 247 

to 0.50). This resulted in the following non-linear expression for the DTP [MBq·min] with a minimum of 248 

26 MBq conform the guidelines (7): 249 𝐷𝑇𝑃 = 8.5 × 𝑀0.92.    (Eq.6) 250 

 251 

Comparison of the proposed dosage regimen with the adult dosage regimen and the current paediatric 252 

dosage regimen in guidelines. 253 

Figure 3 shows the fits of SNRnorm liver versus body weight that corresponds to the proposed non-linear 254 

paediatric dosage regimen and the new Erasmus MC quadratic dosage regimen for adults.  It can be seen 255 

that the non-linear dosage regimen fits perfectly for children (fig. 3A) and not for adults (fig. 3B), 256 

whereas a quadratic dosage regimen fits perfectly for adults and not for children. No universal dose 257 

regimen could be found for children and adults together neither non-linear nor quadratic (fig. 3C). 258 

 
259 

Figure 3: Comparison between SNRnorm liver fits that corresponds with the proposed non-linear dosage 260 

regimen (parameter d fixed to 0.46) and a quadratic dosage regimen (parameter d fixed to 1) for children 261 

(A), adults (B) and both groups (C). The dashed lines represent the 95% confidence intervals of the fits. 262 

 263 

In Figure 4, our dosage regimens with an acquisition time of 3 mbp are compared with those of the 264 

EANM and NACG guidelines. As can be seen our new dosage regimen (65 MBq and 3.6 mSv (33)) will 265 

reduce the amount of administered activity and radiation dose with 41 % (NACG: 111 MBq and 6.2 mSv) 266 

and 63 % (EANM: 178 MBq and 9.9 mSv) for a child of 30kg, despite the higher amount of injected 267 

activity compared to the dosage regimen used in the current study (51 MBq and 2.9mSv)  268 

 
269 

Figure 4: Comparison of [18F]FDG dosage regimens. Current study, EANM, NACG and the proposed 270 

dose regimen. 271 



 272 

Discussion  273 

 274 

In this study, the relation between patient-dependent parameters and [18F]FDG PET image quality was 275 

investigated in order to propose a dedicated paediatric dose regimen that aims for constant and sufficient 276 

image quality. To the best of our knowledge, this study is the first that investigates the relationship 277 

between paediatric patient-dependent parameters and [18F]FDG PET image quality based on SNR. This 278 

study has demonstrated that body weight is the parameter with the greatest effect on [18F]FDG image 279 

quality in children. Another important finding was that SNRnorm values were significant higher in 280 

children and correlated more strongly with age than in adults. Furthermore, this is the first study 281 

providing insight into the differences between paediatric and adult dosage regimens. This insight 282 

emphasizes the need for a dedicated paediatric dosage regimen, especially for young children.  283 

 284 

Liver deoxyglucose metabolism in children was shown to be significantly lower than in adults.  These 285 

results confirm the results obtained in a paediatric study by Yeung et al.(30). The increase in [18F]FDG 286 

uptake during growth may be caused by age related changes in liver volume (34) and function of 287 

hepatocytes (35, 36). Furthermore, the significant changes in body size, body composition (34, 37) and 288 

blood volume during growth (37) could also account for an increase in [18F]FDG uptake. Not only body 289 

size and age affected SUV measurements but also differences in uptake period, plasma glucose, recovery 290 

coefficient and partial volume artefacts (38). The contribution of these factors may be limited in this study 291 

due to the use of standardized protocols.  292 

 293 

Despite lower SUVbsa mean values and concomitant lower liver [18F]FDG uptake, small children showed 294 

high SNRnorm values, which implies that less activity is needed to obtain sufficient image quality 295 

(fig.1A). This is probably caused by less attenuation and scatter due to the smaller body sizes. In contrast 296 

to SNRnorm, SNR has almost no correlation with age (fig 1B). This means that, despite the quite large 297 



spread (range 4.3-8.1), the currently used dosage regimen already provides a constant image quality 298 

throughout our patient population.  299 

 300 

Body weight was the patient-dependent parameter with the highest coefficient of determination for both 301 

fit models for SNRnorm. The fit parameters (α = 2.23 and d = 0.46) of the preferred model are in line 302 

with the fit parameters (α = 3.2 and d = 0.52) obtained by van Gent et al.(21) in a paediatric pilot study of 303 

20 patients. The fit of the preferred model was not significantly different from the fits of BMI, BWH and 304 

BSA, even though body mass was used to define the optimal dose regimen as it is more practical than 305 

BMI, BWH and BSA. Although the selected model explains 81% of variability in SNRnorm among 306 

patients, the remaining 19 % was not explained. This variability might be caused by differences in patient 307 

size, not covered by body weight. Unknown inhomogeneities within the liver VOIs might also cause 308 

variability of SNRnorm. Nevertheless, our results are consistent with earlier adult [18F]FDG studies of de 309 

Groot et al.(15) and Menezes et al.(39). These studies determined body weight with the highest 310 

coefficient of determination with SNRnorm with respectively R2’s of 0.77 (OSEM 3D + PSF + TOF) and 311 

0.86 (OSEM 3D +PSF) using comparable scanners to ours.  Body weight was also identified as the best 312 

single predictor for image quality by Accorsi et al. (10) at a comparable R2 of 0.86 using a different 313 

camera, reconstruction method, and the noise equivalent count rate density (NECRD) as  measure of 314 

image quality. The NECRD is derived from the noise equivalent count rate (NECR) method (20), which 315 

is considered to be more objectively related to SNR, since it is not affected by possible differences in liver 316 

metabolism and reconstruction methods (40-42). Although, at that moment NECRD was not validated 317 

with a visual assessment and therefore the estimated sufficient image quality and proposed dosage 318 

regimen could be unreliable (43). 319 

 320 

In contrast to the studies mentioned above, this study directly compared the models of children and adults. 321 

It was not possible to find a universal dosing regimen linking paediatric and adult protocols (fig. 3). This 322 

insight emphasizes the need for a dedicated paediatric dosage regimen, especially for young children. 323 



These results are in agreement with the EANM adult guidelines (14), which recommends using a 324 

quadratic dosage regimen, especially for patients > 75 kg, as this compensates for the lower image quality 325 

caused by substantial attenuation when using a linear dosage regimen (15). In addition, they recommend 326 

that the linear dosage regimen is appropriate to use for patients < 75 kg, but this is not supported by data 327 

or references.  328 

 329 

Our proposed paediatric [18F]FDG dosage regimen (acquisition time 3 mbp) showed a reduction of the 330 

amount of administered activity and effective dose of 41% (NACG) and 63 % (EANM) in a child of 30 331 

kg (fig. 4). Our findings broadly support the work of other studies in this area, which also found 332 

reductions of 40-50% (10, 11, 22, 23), although they used other dosage regimens, scanners, and 333 

reconstruction methods.  334 

 335 

One limitation of our study is that the results are only valid for Siemens Biograph mCT scanners with an 336 

OSEM 3D + PSF + TOF reconstruction. Therefore, further investigation will be necessary for other 337 

systems and reconstruction methods. Another limitation is the absence of raw data due to the retrospective 338 

approach. Therefore, NECR analysis of the raw data to support the SNR data was not possible. The 339 

NECR data are more objective since they are not affected by differences in liver deoxyglucose 340 

metabolism and reconstruction parameters. An earlier adult study of Menezes et al. (39) determined that 341 

both SNR and NECR showed the best correlation with body weight. The clinical SNR analysis could be 342 

replicated in a phantom study by de Groot et al. (15) and this showed that the effects of liver glucose 343 

metabolism and reconstruction parameters are either rare or not as influential compared to attenuation 344 

effects.  Furthermore, it should be pointed out that our study has been primary concerned with optimizing 345 

radiation dose from [18F]FDG rather than from both [18F]FDG and CT. The low dose CT protocols of our 346 

scanners have already been optimized to reduce radiation dose (Child of 30 kg: DLP ± 75 mGy∙cm and 347 

1.4 mSv (44)) and to maintain sufficient image quality as with phantom studies in the past (26-28). 348 

 349 



Conclusion 350 

 351 

Body weight has the greatest effect on [18F]FDG PET image quality in children. The proposed non-linear 352 

dosage regimen based on body mass will provide a constant and clinical sufficient image quality with a 353 

reasonable radiation dose and present a significant reduction of the administered activity compared to the 354 

current guidelines. A dedicated paediatric dosage regimen is necessary, as a universal dosing regimen for 355 

paediatric and adult is not feasible. 356 

 357 
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18F-FDG: 18Fluorine-fluoro-2-deoxyglucose 465 

PET/CT: positron emission tomography / computed tomography  466 

SNR: signal-to-noise ratio 467 

SNRnorm: normalized signal-to-noise ratio 468 

ALARA: as low as reasonably achievable 469 

SNMMI: Society of Nuclear Medicine and Molecular Imaging 470 

EANM: European Association of Nuclear medicine 471 

NACG: North American Concensus guidelines 472 

BW: body weight 473 

BMI: body mass index 474 



BWH: body weight per body height 475 

BSA: body surface area 476 

MBq/kg: megabequerel per kilogram 477 

OSEM: ordered subset expectation maximization 478 

PSF: point spread function 479 

TOF: time of flight 480 

VOI: volume of interest 481 

SD: standard deviation 482 

DTP : dose-time-product 483 

AICc: Akaike’s corrected information criterion values  484 

ANOVA: analysis of variance 485 

NECRD: noise equivalent count rate density 486 

NECR: noise equivalent count rate 487 
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Figures

Figure 1

Scatterplots of the SNR liver (A) and the SNRnorm liver (B) against age.



Figure 2

Curve �tting to determine the �t parameters for a linear and non-linear dosage regimen of the mean
SNRnorm liver ([MBq·min)−1/2] versus Body weight (A), Body height (B), BMI (C), BWH (E) and BSA (E).
The dashed lines represent the 95% con�dence intervals of the �ts.



Figure 3

Comparison between SNRnorm liver �ts that corresponds with the proposed non-linear dosage regimen
(parameter d �xed to 0.46) and a quadratic dosage regimen (parameter d �xed to 1) for children (A),
adults (B) and both groups (C). The dashed lines represent the 95% con�dence intervals of the �ts.



Figure 4

Comparison of [18F]FDG dosage regimens. Current study, EANM, NACG and the proposed dose regimen.


