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Individualized estimation of cumulated activity distribution in patients undergoing “F-FDG
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HE Yutao', NI Ming?, LI Xiaoyu', CHEN Zhi'
1. School of Nuclear Science and Technology, University of Science and Technology of China, Hefei 230026, China; 2. Department of

Nuclear Medicine, the First Affiliated Hospital of University of Science and Technology of China, Hefei 230001, China

Abstract: Objective To achieve personalized assessment of cumulated activity distribution in patients undergoing *F-FDG
PET scans using the biokinetic model based on the single-time-point PET images. Methods A biokinetic compartmental
model for the organs of interest was established, and the variation of activities in each compartment was described as a set of
differential equations. The PET image data at a specific time point of each patient was used to obtain the kinetic model
parameters which were then optimized by a simulated annealing algorithm to calculate the cumulated activity of each organ.
Additionally, the effects of different voiding patterns on the cumulated activity of the bladder were analyzed. Considering the
heterogeneity of radioactive nuclide distribution in organs, a whole-body cumulated activity distribution map was computed,
and the accuracy of the proposed method was evaluated by comparison with the existing methods. Results For the 11 cases
analyzed in the study, the calculation results of the biokinetic model generally showed a good agreement with experimental
data, with an average deviation of less than 15%. Meanwhile, under different urinary excretion conditions, the average
cumulated activity in the bladder differed by up to 2.4 times, indicating the positive significance of enforced urination in
reducing radiation exposure. The comparison with the biokinetic data obtained from ICRP Publication 128 revealed relatively
large deviations for certain organs such as the brain and heart, with standard deviations of 61.0% and 46.3%, respectively.
Conclusion The constructed biokinetic model can effectively estimate the individualized cumulated activity distribution in
patients undergoing PET scans, providing valuable insights for the internal dosimetry assessment.
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Figure 1 Structure of the biokinetic model for *F-FDG



8 , . "F-FDG PET

- 933 -

1.3 BB HHZSHMNL

B iR kB 35 (Simulated Annealing) 5 T
Kirkpatrick 252l Cerny 'BF 57 , i — P 5L F 455481 [
PARIR KT R Y 4 R O A SR | B T e 3 3 AR A o
SR TIHAE B — D48 R BENLR K T4k B /Mb B A5 bR
B AR e . AEASBIEFE iz Sk Bl ] T X A5 Y
(B 15 S8 kAL . T oMb B bR R A 1Y
BEADIR SR B R AN 8] 2 B

A yininmvTi’Tf’d Tk
b=k, T=T,

A

e SR,
Ak,

v

‘fr,%; AE=fE,..)~fk) ‘

A

i

B

AE<0?

\ 4

53 Boltzmann %
PR AN (0,1) TR 50 53 A5 (1 BERL AL

Bl AL A <M 2R 1 7

EECD IR P

V__ YN
WSS ROT T B
k=k e SRR 1)

<@ﬂ%%ﬁ}
\ 4
Wi T=dT-T
i i

=T}
IR [l e Ak 45

B2 st BFRERE )RR BUR KB R RIRE

Figure 2 Flowchart of simulated annealing algorithm to minimize

objective function f(k)
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Table 1 Reference values of blood volume of major organs (%)
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Table 2 Transfer coefficient (k) of the biokinetic model for some patients (min!)
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Figure 3 Time—-activity curves obtained from the biokinetic model for patient 1 (a—d) and patient 2 (e~h)
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Figure 4 Time—activity curves of the kidneys and bladder in patient 1
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Table 4 Residence time in the major organs (h)

gt 4 s I JHAE it I 55 e
Sl 1 0.309 0.063 0.095 0.044 0.028 0.185

s 1] 2 0.262 0.064 0.085 0.058 0.018 0.187
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Mejia 5518 0.178+0.041 0.085£0.020  0.112+0.029  0.023£0.003  0.034+0.009 -

Hu %5012 0.391£0.066  0.041+0.022  0.117£0.025  0.058£0.030  0.033+0.009  0.124+0.032
ICRP 12810 0.210 0.110 0.130 0.079 - 0.260
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Figure 5 Static PET imaging of patient 1 (The maximum value is 2.77 MBq)
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Figure 6 Cumulated activity distribution in a representative slice of coronal plane obtained by different methods for patient 1 (The scale has

been saturated to 30 MBq s to highlight the activity differences among organs)
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