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Abstract

Purpose To investigate the effects of dose reduction on image quality and lesion detectability of oncological '*F-FDG total-body
PET/CT in pediatric oncological patients and explore the minimum threshold of administered tracer activity.

Methods A total of 33 pediatric patients (weight 8.5-58.5 kg; age 0.8-17.6 years) underwent total-body PET/CT using
uEXPLORER scanner with an "®F-FDG administered dose of 3.7 MBq/kg and an acquisition time of 600 s were retrospectively
enrolled. Low-dose images (0.12—1.85 MBg/kg) were simulated by truncating the list-mode PET data to reducing count density.
Subjective image quality was rated on a 5-point scale. Semi-quantitative uptake metrics for low-dose images were assessed using
region-of-interest (ROI) analysis of healthy liver and suspected lesions and were compared with full-dose images. The micro-
lesion detectability was compared among the dose-dependent PET images.

Results Our analysis shows that sufficient subjective image quality and lesion conspicuity could be maintained down to 1/30th
(0.12 MBg/kg) of the administered dose of '*F-FDG, where good image quality scores were given to 1/2- and 1/10- dose groups.
The image noise was significantly more deranged than the overall quality and lesion conspicuity in 1/30- to 1/10-dose groups (all
p <0.05). With reduced doses, quantitative analysis of ROIs showed that SUV ., and SD in the liver increased gradually
(p <0.05), but SUV,,,, in the lesions and lesion-to-background ratio (LBR) showed no significant deviation down to 1/30-dose.
One hundred percent of the '*F-FDG-avid micro-lesions identified in full-dose images were localized down to 1/15-dose images,
while 97% of the lesion were localized in 1/30-dose images.

Conclusion The total-body PET/CT might significantly decrease the administered dose upon maintaining the image quality and
diagnostic performance of micro-lesions in pediatric patients. Data suggests that using total-body PET/CT, optimal image quality
could be achieved with an administered dose-reduction down to 1/10-dose (0.37 MBg/kg).
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Introduction imaging method in oncology, providing both anatomic and
metabolic features for clinical evaluations [1-3]. However,
the administered activity of radiotracer and the acquisition

time are often restricted by radiation safety and tolerance,

Positron emission tomography coupled with computed to-
mography (PET/CT) has become an essential non-invasive

Yu-Mo Zhao and Ying-He Li contributed equally to this work.

This article is part of the Topical Collection on Dosimetry

P4 Xu Zhang State Key Laboratory of Oncology in South China, Collaborative
zhangx2 @sysucc.org.cn Innovation Center for Cancer Medicine, Guangzhou, Guangdong,
P4 Wei Fan China
fanwei@sysucc.org.cn Department of Nuclear Medicine, Sun Yat-Sen University Cancer
54 Ying-Ying Hu Cer}ter, 651 Dongfengdong Road, Guangzhou 510060, Guangdong,
China
huyy@sysucc.org.cn

@ Springer

Central research institute, United Imaging Healthcare,
Shanghai, China


http://crossmark.crossref.org/dialog/?doi=10.1007/s00259-021-05304-4&domain=pdf
mailto:zhangx2@sysucc.org.cn
mailto:fanwei@sysucc.org.cn
mailto:huyy@sysucc.org.cn

Eur J Nucl Med Mol Imaging (2021) 48:3378-3385

3379

especially for children [4, 5]. Pediatric patients with early
exposure are at a higher risk of developing radiation-induced
malignancies than adults, due to their developing bodies and
greater life expectancies [6—9]. Therefore, minimizing the ad-
ministered dose of radiotracer is of great importance in pedi-
atric nuclear medicine. Studies have evaluated the radiotracer
dose regimen for pediatric PET, especially for '®F-
Fluorodeoxyglucose (‘*F-FDG), suggesting an optimized pe-
diatric "*F-FDG regimen of 3.2 MBq/kg for 5 min/bed or
5.3 MBg/kg for 3 min/bed with 15.7-18.0 cm axial field-of-
view (FOV) [10-13]. Major imaging societies of North
America, Europe, and Japan have presented recommenda-
tions, proposing that the administered dose of '*F-FDG should
be in a range of 3.5-5.3 MBq/kg for pediatric patients
[14-19], with an minimum activity of 26 MBq for 2D and
14 MBq for 3D acquisitions. With the development of PET
scanners, for instance, coincident photon-pair sensitivity and
image reconstruction/processing algorithms, pediatric PET
tracer dose could be reduced down to 1.5-1.8 MBq/kg using
scanners with FOV of 25.0-25.8 cm [20, 21].

The dose of PET imaging is strongly related to the detec-
tion efficiency of the photon pairs emitted from positron-
electron annihilation. The two primary parameters determin-
ing the detection efficiency of a PET scanner are the length of
axial FOV and the sensitivity of the detector. Since 2005,
almost all PET systems have been based on lutetium
oxyorthosilicate scintillator for fully 3D mode data acquisi-
tion. For the PET scanner with an axial FOV length of 15—
18 cm, approximately 1% of the photon emitted from a human
body subjected radiotracer can be detected at any one time. A
novel detector with a twofold increase in sensitivity of the
current commercial detector emerged, and it has not yet been
implemented in clinical systems for its lacking time-of-flight
information [22]. Elongating the axial FOV length to 2 m
allows a 40-fold increase in the detection efficiency of emitted
photons in total-body PET imaging. The emergence of the
state-of-the-art PET/CT scanner with 194-cm-long axial
FOV provides an opportunity to further reduce acquisition
duration and/or injected "*F-FDG activity for pediatric pa-
tients [22-26]. A newly published study by Liu et al. on
ultra-low-activity total-body dynamic PET imaging in 12
healthy adults concluded that total-body PET imaging
allowed injected activity to be reduced down to 0.37 MBq/
kg while maintaining '*F-FDG kinetics and acceptable image
contrast [26]. However, pediatric patients need to be separate-
ly evaluated due to their body weight and mass distribution.

Here, we aim to explore either the lowest possible dose
regimen or the shortest acquisition time utilizing the
uEXPLORER while maintaining the diagnostic quality of
PET images, serving as a novel reference to pediatric PET
studies and further investigations into ultra-low-dose or snap-
shot techniques. In this study, reduced '*F-FDG doses were
generated from randomized undersampling of the amount of

emitted photon counts from the list-mode PET data of full-
dose images, where this method has been applied in previous
studies in adults and infants [20, 25, 27, 28].

Materials and methods
Patients

In this retrospective study, consecutive pediatric patients who
underwent total-body PET/CT at Sun Yat-Sen University
Cancer Center from July 2020 to August 2020 were enrolled.
The inclusion criteria were as follows: (1) under 18-years old
and (2) body weight < 60 kg, where the exclusion criteria were
(1) waiting time after BE_FDG injection > 75 min, (2) diffuse
liver involvement, and (3) without suspected FDG-avid le-
sion. The study was approved by the institutional review
board of Sun Yat-Sen University Cancer Center, and the in-
formed consent was obtained from all patients’ legal
guardians.

Imaging protocol

All patients fasted for 6 h before '*F-FDG administration. The
list-mode PET data were acquired using a total-body PET/CT
scanner with 194-cm-long axial FOV (uEXPLORER, United
Imaging Healthcare, Shanghai, China) 60 min after '*F-FDG
injection (3.7 £0.37 MBqg/kg [0.1 £0.01 mCi/kg] activity per
body weight). Low-dose CT scans of the whole body were
obtained by uEXPLORER (tube current 10 mA, voltage
100 kV, rotation time 0.5 s, pitch 1.0125, collimation 80 x
0.5 mm) were reconstructed in a 512 x 512 matrix for attenu-
ation correction. The acquisition time of emission images was
600 s, and PET images were reconstructed into 600, 300, 60,
40, and 20 s (Fig. 1). All PET images were reconstructed using
ordered subset expectation maximization (OSEM) and setting
a spectrum of parameters, for instance, time-of-flight and PSF
modeling, 3 iterations, 20 subsets, matrix 256 x 256, slice
thickness of 2.89 mm, pixel size 2.34 x 2.34 x 2.89 mm” with
a Gaussian post-filter (3 mm), and all necessary correction
methods including attenuation and scatter correction. All im-
age evaluation has been performed in a commercial medical
image processing workstation (uWS-MI, United Imaging
Healthcare).

Qualitative imaging assessment

The subjective PET image quality was independently rated on
a 5-point Likert scale by 3 nuclear radiologists (a senior radi-
ologist with > 8-year experience, a radiologist > 5-year expe-
rience, and a junior radiologist with 1 year of post-fellowship
experience reading PET/CT scans) blinded to patient history
and dose group of the images. Four simulated dosing levels
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Fig. 1 '"8F-FDG PET image of a a
1.9-year-old male patient

weighted 10 kg with Langerhans o o
cell histiocytosis was

reconstructed into 600, 300, 60,

40, and 20 s shown in MIP and (13 ()
axial view (a—e), representing full @.
dose, 1/2 dose, 1/10-dose, 1/15-

dose, and 1/30-dose, respectively.

The overall image scores of 5, 4,

3, and 2 were given to the group

300, 60, 40, and 20 s according to

axial view images. Data in the

paranthses were estimated effec-

tive dose

Full dose 1/2 dose
3.7 MBag/kg 1.85 MBq/kg
(~3.0mSv) (~1.5mSv)

were included in the qualitative PET assessments (Fig. 1):
1.85 MBg/kg (1/2-dose, G300s), 0.37 MBqg/kg (1/10-dose,
G60s), 0.25 MBg/kg (1/15-dose, G40s), and 0.12 MBg/kg
(1/30-dose, G20s). A 5-point Likert scale was used for (1)
overall impression of the image quality, (2) conspicuity of
the major suspected malignant lesions, and (3) image noise.
The 5-point Likert scale for overall image quality comprises
five categories which are defined as score (1) state-of-the-art
quality, (2) superior to the regular image quality of daily prac-
tice. (3) equal to the regular quality of daily practice, (4) barely
diagnostic, and (5) non-diagnostic (Supplementary Table 1).
Among which, grade 3 indicates a quality of clinical routine
image quality by a digital PET/CT scanner (FOV, 22.1 cm;
acquisition time, 1.5-2.0 min/bed positions, 6—10 bed posi-
tion/patient). Example images of grades 5-1 (5: excellent, 1:
poor) have been illustrated in Fig. 1.

Quantitative imaging analysis

The objective image quality evaluation was performed by an
experienced technician under the supervision of a radiologist.
Three 2-dimensional circular region-of-interests (ROIs) with a
diameter of 2 cm was drawn on a homogeneous area of the
liver parenchyma, avoiding vessels and tumor. Liver semi-
quantitative uptake measurements, including SUV .y,
SUV,eans and standard deviation (SD), were recorded. 'SF-
FDG-avid suspected lesions (not necessarily malignant) with
the shortest long-diameter were identified, and ROIs of such
lesions were drawn on the slice where the diameter of the
lesion maximized. The lesion-to-background ratio (LBR)
was calculated as SUV .« of the lesion divided by the
SUV,can 0f the liver. The location of the lesion was confirmed
on CT scan acquired with PET image, and the long diameter
of the lesions on CT scans was measured after quality rating.
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The corresponding locations of the micro-lesion identified on
the PET images of G600s with standard administered dose were
documented and served as a reference to estimate lesion detect-
ability. Randomized orders of low-dose images were to minimize
recall bias. Images with excessive background noise or poor image
quality that made lesions un-diagnosable were documented.

Statistical analysis

The statistical analyses were performed using R statistical
package. The Fleiss kappa test was used to measurement the
inter-rater agreement for multiple raters. A kappa value of
0.41-0.60, 0.61-0.80, and 0.81-1.00 indicates moderate, sub-
stantial, and almost perfect agreement, respectively. Kruskal-
Wallis rank-sum test and Dunn’s post hoc test for multiple
comparisons were applied in subjective image quality analy-
ses between different subsets. To overcome the difference in
SUV among patients due to individual metabolism,
paired ¢ test with Bonferroni correction was used to
confirm the objectivity of image quality in different
groups. SUV,.x, SD, and LBR were calculated.
p<0.05 was considered as statistically significant.

Table 1  Patient characteristics

Mean+SD Range
Age (years) 83 £5.1 0.8-17.6
Weight (kg) 28.0 £ 16.6 8.5-58.5
Height (cm) 1252 +£31.2 70.0-176.0
Injected dose (MBq) 105.2 + 60.6 32.9-217.9
Injected dose per weight (MBg/kg) 3.8+£0.2 3.18-4.26
Waiting time (min) 63 +7 48-74
Lesion size (mm) 8+2 5-18
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Results
Patients

A total of 33 pediatric oncological patients (24 males, 9 fe-
males), with a mean age of 8.3 years, ranging from 0.8 to
17.6 years, and a mean body mass index (BMI) of 16.2 kg/
m?, ranging from 12.2 kg/m? to 22.2 kg/m?, were enrolled in
this study (Table 1). Among all, 8 had lymphoma (7 non-
Hodgkin lymphoma, 1 Hodgkin lymphoma), 10 had sarcoma
(5 rhabdomyosarcoma, 2 Ewing sarcoma, 3 with other types),
7 had neuroblastoma, 3 had nasopharyngeal carcinoma, and 5
with other diseases.

Image quality

For the subjective study, the inter-rater agreements of Likert
scoring were substantial for the overall image quality, lesion
conspicuity, and image noise, with Fleiss kappa values of
0.769, 0.844, and 0.906, respectively. The subjective image
quality scores were compared between G300 s, G60s, G40s,
and G20s, where Table 2 listed the mean value = SD of Likert
scoring. G300 s showed an excellent image quality with a
grade of 5, for which all perspectives were scored in a range
of4-5. Overall image quality was 4.2 + 0.4 for G60s, 3.4 £ 0.5
for G40s, and 2.2 + 0.4 for G20s. Image noise of G60s, G40s,
and G20s were scored 3.8+0.4, 3.0+0.3, and 2.0+0.5, re-
spectively. For lesion conspicuity, it illustrated a similar var-
iation tendency compared with image quality and noise
(G60s, 4.0 +£0.4; G40s, 3.7+0.5; G20s, 2.7 +£0.5). Between
any two groups in reconstructed subsets (G300 s, G60s, G40s,
and G20s), the scores of overall image quality, lesion
conspicuity, and image noise were significantly different
(»p<0.001 with/without Bonferroni correction), except
for lesion conspicuity between G40s and G60s
(p<0.037 with Bonferroni correction).

The objective measurements of image quality, including
SUVax, and SD of the liver uptake, SUV ., and SD of the
lesion uptake, and LBR were presented in Table 3.
Measurements of G600s were served as reference. Changes
from G600s to G300 s, G60s, G40s, G20s (Fig. 2) were cal-
culated as subtracting the value of measurements in G600s

Table 2 Subjective image quality assessed by 5-point Likert scale
Group 300s  Group 60s Group 40s  Group 20s
Overall quality 49+03 4204 34£05 2204
Lesion conspicuity 5.0 £ 0.1 40+03 37+£05 27=£05
Image noise 50=+0.1 3804 30+03 20+03

All scores were presented as mean value + SD and the images were
reconstructed with a voxel size of 3.125 x 3.125 x 2.89 mm®

from that in the dose-reduced groups and noted as G300 s-
G600s, G60s-G600s, G40s-G600s, and G20s-G600s.

The change in SUV o of the liver increased gradually as
the simulated dose was reduced. The liver SUV,,,,, in G60s-
G600s, G40s-G600s, and G20s-G600s were significantly
higher than that of the G300 s-G600s (p < 0.05). The differ-
ence was not significant between G60s-G600s and G40s-
G600s (p = 1 with Bonferroni correction). The SD of the liver
uptake was significantly increased with simulated dose reduc-
tion (p <0.05). The differences of changes in SUV,,, of the
lesions and LBR were not significant (all p > 0.1 with or with-
out Bonferroni correction). The mean percent changes of LBR
were 3.4-5.2% for G300 s-G600s, G60s-G600s, G40s-G600s
and 11.5% for G20s-G600s. Details are listed in
Supplementary Table 2.

Micro-lesion detectability

A total of 33 "8F-FDG-avid suspected micro-lesions with a
mean diameter of 8 + 2 mm were identified on the PET images
of G600s. Among these lesions, there were 19 in the lymph
node, 3 in the bone, 3 in the subcutaneous tissue, 2 in the liver,
and 6 in the other organs, and details are provided in
Supplementary Table 3. Example serial PET images of 2
micro-lesions are presented in Fig. 3. In G300 s, G60s, and
G40s, all suspected micro-lesions were identified by all 3
radiologists, with a lesion detection rate of 100% relative to
G600s. In G20s, 32 (97%) ROIs were identified by the 3
radiologists, where 1 lesion was missed (Fig. 3A) by all 3
radiologists.

Discussion

This study investigates image quality and micro-lesion detect-
ability of dose-dependent PET images for total-body PET/CT
scanner with a 194-cm-long axial FOV in pediatric patients. In
this proof-of-concept study, our results from generated low-
dose images suggested that an administered activity of 1/10-
dose (0.37 MBg/kg) secures an optimal image quality superior
to that of conventional digital PET; 1/15-dose (0.25 MBg/kg)
showed a comparable image quality while maintaining PET
parameters. Although the 1/30-dose (0.12 MBq/kg) PET im-
ages showed an arguably diagnostic image quality, the varia-
tions in PET parameters were unacceptable. Despite that the
image noise increased more prominently than the overall im-
age quality degradation as the dose decreased, micro-lesion
detectability was minimally compromised.

As for the objective results, both SD and SUV . in the
liver increased gradually as the dose decreased; nevertheless,
SUV jean in the liver was relatively stable in between simulat-
ed dose reduction groups. This observation is consistent with
the feature of background measurement, where the statistic
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Table 3 SUV, SD and LBR of

the healthy liver and micro- Group 600s Group 300s Group 60s Group 40s Group 20s

lesions (N =33)
Liver SUV ¢ 1.78 £ 0.49 1.85+049  212+£056  222+0.68 242+0.77
Change of Liver SUV 5« 0.07£0.09 035+023 045+£030 0.65+040
Liver SD 0.05+0.02 0.08+0.03 019+0.07 023+009 032+0.11
Change of Liver SD 0.04£0.03 0.14+005 017008 026=£0.1
Lesion SUV ¢ 3.64+1.68 389+1.72 381+1381 381173  395+1.75
Change of Lesion SUV it 0.12£025 004+04 0.03 £038  0.18+0.59
Lesion SD 05+027 055+£029 055+032 057+029 0.64+0.34
Change of Lesion SD¥ 0.03£0.07 004+0.15 006012  0.13+0.22
LBR 239+129 251+132 251+147 256+1.53  2.69+1.66
Change of LBRY 0.12 +0.21 0.13+032 0.13+032  031+0.65

All data were presented as mean + SD

T The change of SUV ax, SD and lesion-to-background ratio (LBR) between the different groups were presented
as s mean + SD, using that of group 600 s as references

results at background obey the Poisson’s distribution and the
background feature is independent of acquisition time. Thus,
the acquisition-time-dependent signal-to-noise ratio of PET
image is directly proportional to SD. As the SD increases,
the extremum value turns more dispersive, leading to
SUV max increases with shortening acquisition time.
Compared with the recommended regimen (with a time-
activity-product [TAP] of 7 MBq/kg:min/bed, 6-10 bed per
total-body scan) in the current guideline of the European
Association of Nuclear Medicine for '*SFDG-PET/CT

oncological examination [1], elongating the axial FOV to
194-cm-long suggesting a theoretical minimization of
"FDG regimen down to a TAP of 3.7 MBg/kgmin/bed (1
bed per total-body imaging). Upon the grade map of dose-
and-time-dependent PET image quality, we suggest that an
injected activity of 0.74 MBqg/kg (estimated effective dose,
0.6-0.9 mSv) with an acquisition time of 5 min would be
recommended for a routine protocol (Table 4 and
Supplementary Table 4). The estimated effective doses of
"F_FDG using total-body PET to acquire an optimal image

Fig. 2 Box plots showing the a 2s b os
change of liver SUV,,..x, SD,
lesion SUV,,,.x, and lesion-to- _ 20
liver ratio. The change of each % 15 % 06
metric was calculated as © =3
subtracting the value of G600s s 10 5 04
from that of G300 5, G60s, G40s, % ¢ 3
G20s in each patient. a The € - k]
change in SUV ,, of the liver in- é 0.0 % 2 02
creased gradually as the simulated < 05 <
dose was reduced. G60s-G600s, ) 00
G40s-G600s, G20s-G600s were -10
significantly higher than G300 s- G300~(3600 Gso-Geoo G40‘6600 G20‘G600 6300~G(,‘00 GGO‘GGOO 040*6600 C7‘20*G6‘00
G600s (p <0.05). The difference Between Groups Between Groups
was not significant between
G60s-G600s and G40s-G600s c d
(p = 1 with Bonferroni correc- 25
tion). b The SD of the liver uptake 2 2 90 T
was significantly increased with s g
simulated dose reduction § 1 T T 15
(p<0.05). ¢, d The difference of o e % 10
changes in SUV,,,, of the lesions % . § ’
and lesion-to-background ratio x 0 = @ 05 =
were not significant (all p > 0.1 £ i ‘2 00 . de
with or without Bonferroni 2 1 e B RA a0
correction) < 2 05
-1.0

-2
G300.¢, 500 G60.g %0 G404 0% GQO‘GGO 0

Between Groups
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» (3.7 MBg/kg) (1.85 MBa/kg)
e -
LA
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1/10 dose 1/15 dose
(0.37 MBq/kg) (0.25 MBq/kg)
3
1/20 dose 1/30 dose

(0.19 MBa/kg) (0.12 MBa/kg)

Fig. 3 MIP of the full dose image and axial view of the serial dose
reduction image generated by reduced count. a An FDG-avid micro-le-
sion in the liver of a 7-year-old patient with neuroblastoma, with an
SUVnax of 4.35 on the full-dose image. The lesion was identifiable as

ranging 0.3-0.9 mSv (injected activity 0.37-0.74 MBg/kg)
were much lower than the ~4 mSv originated from a PET/
MR examination (injected activity 1.8 MBq/kg) [10, 20, 21,
29, 30], making CT the major safety concern.
High-sensitivity-induced TAP reduction provides a partic-
ular opportunity in either low-dose PET imaging or quick
scan. Our results illustrate an extreme reduction in either
injected dose or acquisition time, namely, 0.25 MBq/kg x
10 min/bed or 3.7 MBg/kg x 0.67 min/bed, might be of use
in special clinical scenarios, i.e., 0.25 MBg/kg for patients
needing repetitive PET examinations through their disease
course to manage the overall exposure or 0.67 min for patients
who are claustrophobic or unable to keep still for minutes.

Table 4

3383
»
Full dose 1/2 dose
> (3.7 MBag/kg) (1.85 MBa/kg)
i ’:
3
L
v
1/10 dose 1/15 dose

(0.37 MBag/kg) (0.25 MBa/kg)

1/20 dose
(0.19 MBa/kg)

1/30 dose
(0.12 MBa/kg)

reduced down to 1/20-dose; were un-diagnosable at 1/30-dose. b A
micro-lesion in the subcapsular region of the liver in a 3-year-old patient
with Burkitt Lymphoma was diagnosable in all dose reduction setting

We concluded that the subjective image quality with an
acquisition time of 40 s is comparable to that of clinical rou-
tine, which was different from the 60 s given by Zhang et al.
[25]. Such difference was mainly brought by the difference in
subjects’ BMI. Our study included pediatric patients with a
BMI of 16.2 + 3.4 kg/m? (range, 12.2-22.2 kg/m?), rather than
adult patients with a BMI of 22.9+3.3 kg/m” (range, 18.4—
28.9 kg/m?) [25]. The quality of PET/CT images is inversely
related to the subject’s fat mass, where the image quality of
overweight patients often is degraded [31-33]. Besides, an
acquisition time of 20 s showing an arguably diagnostic qual-
ity potentially reduces motion-induced artifacts decreases the
length of sedation, improves patient comfort, and may better

Image quality grading for time-activity product using total-body PET/CT (for pediatric dose study only)

Acquisition

Injected activity (MBq)

time (s [min]) 3.70 278 185

LIl 074 056 037 025 0.12

600 [10]
480 [8]
300 [5]
180 [3]
120 [2]
60[1]
40[0.7]

205 [0.3]

*Green, recommended, optimal quality image can be obtained; Yellow and red, recommended under extreme conditions, suboptimal but diagnosable
images can be obtained; Gray, not recommended, image obtained non-diagnostic

TData are estimated proportion of time-activity-product, set full-dosexfull-acquisition time (3.70 MBg/kg x 10 min/bed) as 1.00. The recommendation
grade were given as follows, for proportion above that of full-dosex60s (0.10, subjective score 4+), green was given; for proportion above that of full-
dosex40s (0.07, subjective score 3+), yellow was given; for proportion above that of full-dosex20s (0.03, subjective score 2+), red was given; for
proportion below that of full-dosex20s (<0.03, subjective score < 2), gray was given

1Note that this card resulted from a proof-of-concept study, and intended to direct further dose investigation
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assist radiation treatment planning [34]. If the acquisition time
could be further reduced to an extreme that allows breath-
holding PET/CT scan, respiratory motion mismatch between
the PET data and the CT data could be avoided.

In our study, the overall image quality and the lesion conspicu-
ity have been evaluated subjectively and objectively, while the
lesion detectability was characterized by diagnostic accuracy.
The lesion detection rate is strongly related to the image texture,
the size, shape, and surrounding environment of the lesions and the
reader’s experience. As distinct from the phantom study, we com-
pared the lesion detection rate between the count-reduced recon-
structed image with that of G600s. When dose-reduction down to
0.12 MBg/kg (1/30-dose), the micro-lesion detectability decreased
3% (1/33). Note that the undiagnosable micro-lesion had a mod-
erate FDG uptake in a background of tumor infiltrated liver seg-
ment (Supplementary Fig. 1), which was beyond diagnostic ne-
cessity. These results agree with previous studies that showed
decreased detectability with the short acquisition protocol in adults
and an anthropomorphic thoracic phantom with irregularly shaped
lesion simulating inserts [25, 35-37]. However, the image quality
of extreme low-dose may not be fully compensated by prolonged
acquisition time. Because when acquisition time beyond a certain
limit (i.e., 30 min) detected noise increases and may negatively
impact the signal-to-noise ratio.

Limitations of this study include the small sample size, retro-
spective design, and restriction in extrapolation, i.e., limited to the
total-body scanner. Particularly, the pediatric biodistribution of an
extreme-low dose of "*F-FDG remains unknown. Age-dependent
or BMI-dependent image quality analysis has not been included
due to the sample size. For lesion detectability, only micro-lesions
were taken into account. The effects of low-dose images on lesion
shape, volume, contrast, the impact of delayed imaging, and opti-
mization of the reconstruction parameters warrant further investi-
gation, where TAP might be further reduced by increasing the
number of iterations and applying the Bayesian penalized-
likelihood reconstruction algorithm.

Conclusion

The use of total-body PET/CT with 194-cm-long axial FOV
might significantly decrease the administered dose while
maintaining the image quality and diagnostic performance of
micro-lesions in pediatric patients. Our data suggest that an
optimal image quality superior to that of full-dose using con-
ventional PET/CT can be achieved with an administered dose-
reduction down to 0.37 MBq/kg (1/10th of the standard ad-
ministered dose) using total-body PET/CT.
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