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Background: This study aimed to investigate the effects of the volume and time of hydration on the 
quantification of healthy tissue uptake for 2-deoxy-2-[18F]-fluoro-D-glucose (18F-FDG) total-body positron 
emission tomography (PET)–computed tomography (CT) with half-dose activity. 
Methods: This study prospectively enrolled 180 patients who underwent a total-body PET-CT scan  
10 min after injection of a half-dose (1.85 MBq/kg) of 18F-FDG. These patients were placed in hydration 
groups (30 patients in each group) according to different hydration volumes and times: oral hydration 
with 500 mL of water 20 min before (G1), 5 min after (G2), and 30 min after (G3) the 18F-FDG injection; 
and oral hydration with 200 mL of water 20 min before (G4), 5 min after (G5), and 30 min after (G6) the 
18F-FDG injection. Another 30 patients underwent dynamic imaging without hydration and were used 
a nonhydration group. The analysis of quantification of healthy tissue uptake included the maximum 
standardized uptake value (SUVmax) and the mean SUV (SUVmean) of the blood pool and muscle, as well 
as the SUVmax, SUVmean, and signal-to-noise ratio (SNR) of the liver.
Results: The SUVmax of the blood pool (2.33±0.36), liver (3.03±0.42), and muscle (0.81±0.15) was 
significantly higher in the nonhydration group than in any of the 6 hydrated groups (P<0.05 for all hydration 
groups vs. nonhydration group). Muscle SUVmax and SUVmean were significantly (P<0.05) lower in G1 and 
G2 than in G3 and were lower in G4 and G5 than in G6. The SUVmax and SUVmean of the blood pool 
were significantly (P<0.05) lower in G1 than in G3 and G4 and lower in G3 than in G6. 
Conclusions: When total-body PET-CT with a half dose of 18F-FDG activity is performed, hydration can 
significantly affect the quantification of healthy tissue uptake. Oral administration of 500 mL of water 20 min 
before injection could reduce background radioactivity.
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Introduction

2-deoxy-2-18F-fluoro-D-glucose positron emission 
tomography–computed tomography (18F-FDG PET-CT) 
has an important role in the tumor detection, staging, 
restaging, and assessment of therapeutic response (1-4) and 
is widely used in clinical practice. 18F-FDG is an analog 
of glucose, with the degree of FDG uptake representing 
the metabolic activity of cells (5). Unlike glucose, which 
is completely reabsorbed in the proximal tubules of the 
kidney, 18F-FDG is excreted by the kidneys into the urine 
and accumulates in the urinary tract (6).

Hydration is important to reducing tracer uptake in 
normal tissue and for radiation safety reasons [i.e., “as low 
as reasonably achievable” (ALARA)], as is emphasized in 
the relevant guidelines (7-9). However, these guidelines are 
inconsistent in terms of hydration time and fluid volume. 
The European Association of Nuclear Medicine guidelines 
recommends 1 L of water 2 h before injection and another 
0.5 L during the uptake period if it can be tolerated (7). 
The National Cancer Institute recommends that patients 
consume at least 2–3 glasses of water (12 ounces or  
355 mL per glass) during fasting and another 250–500 mL  
of water after injection and before scanning (8). The 
American College of Radiology suggests oral hydration or 
intravenous administration in special circumstances. Finally, 
The Society of Nuclear Medicine and Molecular Imaging 
simply mentions oral hydration with water but does not go 
into greater detail (9). In clinical practice, the hydration 
protocols implemented also differ from one healthcare 
institution to another, and there is no relevant evidence 
clarifying the degree to which hydration protocols effect the 
quantification of healthy tissue uptake.

Total-body PET-CT with a long axial field of view 
(FOV) (10), ultrahigh system sensitivity, and good spatial 
resolution has been used clinically and become a new 
research focus (11,12), with superior image quality and 
a lower dose of radioactivity being new research trends  
(13-18). Compared to conventional PET-CT, total-body 
PET-CT can detect subtle differences in coincidence 
photon counts between tissues (19,20) and acquires the 
whole-body image in a one-bed position, which eliminates 
the influence of overlap and other factors during multibed 
positioning, thus providing a more objective evaluation on 
the quantification of tissue uptake (21). Therefore, this study 
was aimed at identifying the optimal hydration procedure 
for total-body PET-CT and providing supporting evidence 
for optimizing hydration protocols.

Methods

Patients

This study was conducted in accordance with the Declaration 
of Helsinki (as revised in 2013) and was approved by the 
Ethics Committee of Zhongshan Hospital, Fudan University 
(No. B2019-160R). Written informed consent was obtained 
from all enrolled patients before the study began. In all, 
332 patients who underwent static imaging with different 
hydration protocols and another 42 patients who underwent 
dynamic imaging without hydration were prospectively 
enrolled. PET-CT scans were performed with a half-dose 
of 18F-FDG activity (1.85 MBq/kg) using the uEXPLORER 
(United Imaging Healthcare, Shanghai, China). All scans 
were performed and analyzed at Zhongshan Hospital, Fudan 
University, from January 2020 to September 2022. The 
inclusion criteria were as follows: (I) age 18 to 80 years, (II) no 
diabetes and a fasting blood glucose level <7.8 mmol/L, (III) 
normal renal function, and (IV) acceptable clinical conditions 
and good compliance. Meanwhile, the exclusion criteria 
were as follows: (I) excessive tumor load (diameter of tumor  
>10 cm or more than 5 metastases) or high bone marrow 
uptake (defined visually as intense bone marrow uptake 
higher than the liver), (II) obstructive pathology of the 
urinary tract, (III) moderate-to-severe fatty liver or cirrhosis, 
(IV) cancer patients with a history of radiotherapy or 
chemotherapy, (V) drinking water during the 6-hour fasting 
period, and (VI) 18F-FDG injection infiltration. Ultimately, 
180 participants with static imaging and 30 with dynamic 
imaging were eventually included.

As shown in Figure 1, patients were randomized divided 
into 6 groups according to hydration volume and time: oral 
hydration with 500 mL of water 20 min before (G1), 5 min after 
(G2), and 30 min after (G3) the 18F-FDG injection; and oral 
hydration with 200 mL of water 20 min before (G4), 5 min after 
(G5), and 30 min after (G6) the 18F-FDG injection. Another  
30 patients underwent dynamic PET-CT without hydration and 
were included in the nonhydration control group.

PET-CT examination

Patients fasted for at least 6 h before the 18F-FDG 
injection, and blood glucose levels were measured before 
injection. Then, 18F-FDG (1.85 MBq/kg) was injected. 
The 6 hydration groups, totaling 180 patients, underwent 
static PET-CT after resting quietly for about 60 min after 
the injection of 18F-FDG, with an acquisition time of  
10 min. Patients were allowed to urinate at any time 
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Figure 1 Overview of the 6 different preparation protocols. Oral hydration with 500 mL of water 20 min before (500 mL-20 min-before, 
G1), 5 min after (500 mL-5 min-after, G2), and 30 min after (500 mL-30 min-after, G3) the 18F-FDG injection; and oral hydration with  
200 mL of water 20 min before (200 mL-20 min-before, G4), 5 min after (200 mL-5 min-after, G5), and 30 min after  
(200 mL-30 min-after, G6) the 18F-FDG injection. 18F-FDG, 2-deoxy-2-[18F]-fluoro-D-glucose; PET, positron emission tomography.

during the 18F-FDG uptake phase and were instructed to 
empty their bladder before PET-CT image acquisition. 
The nonhydration control group included 30 patients who 
underwent a dynamic study with total-body PET-CT after 
injection. The PET reconstruction parameters were as 
follows: ordered subset expectation maximization (OSEM) 
to reconstruct PET images with time-of-flight (TOF) and 
point spread function (PSF) modeling, 3 iterations and 
20 subsets, a 192×192 matrix, at thickness of 1.443 mm, 
Gaussian postfilter (3 mm), and all necessary corrections. 
The CT scan parameters were as follows: tube voltage,  
120 kV; tube current, 140 mA; pitch, 1.0; collimation, 
0.5 mm; and reconstructed slice thickness, 0.5 mm. 
The acquisition time of dynamic PET was 75 min for  
21 participants and 60 min for 9 participants. Dynamic 
PET images were constructed from the last 10 min of data 
to simulate static acquisition scenarios.

Analysis of PET images

The analysis of images was performed separately by  
2 senior nuclear medicine physicians with over 5 years of 
interpreting PET-CT images (Hu, 11 years; Tan, 5 years). 
As shown in Figure 2, on the transverse section with the 
maximal diameter of the liver, four 2D circular regions of 
interest (ROIs) with a diameter of 20 mm were manually 

drawn in homogenous areas (1 on the left lobe and 3 on 
the right lobe), with lesions and major blood vessels being 
avoided. The maximum standard uptake value (SUVmax), 
mean standard uptake value (SUVmean), and standard 
deviation (SD) of the ROIs in the liver were recorded. The 
SUVmax, SUVmean, and SD of the liver were calculated as 
the averages of the 4 ROIs. The signal-to-noise ratio (SNR) 
of the liver was calculated by dividing the liver SUVmean 
in the ROI by the SD (22). Along the medial wall of the 
root of the aortic arch, an ROI was placed in the lumen to 
measure the SUVmax and SUVmean of the blood pool. 
The SUVmax and SUVmean of both sides of the gluteus 
maximus were measured at the transverse section with the 
third sacral foramen level by drawing ROIs with a diameter 
of 20 mm. A circular ROI with a diameter of 10 mm was 
delineated on the maximum coronal section of both kidneys 
to measure the SUVmax of the renal parenchyma. The 
3D volume of interest (VOI) was delineated in the bladder 
cavity, and the SUVmax was recorded. The PET parameters 
of the gluteus maximus and kidney were calculated as the 
average of both sides. The values reported by each observer 
were averaged for intergroup comparison.

Statistical analysis

Quantitative data following normal distribution are 
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expressed as the mean ± SD, while nonnormally distributed 
data are reported as the median (P75, P25) percentile. 
Qualitative data were compared using the chi-squared 
test. The Mann-Whitney test was used to compare the 
differences in PET parameters between the 500-mL 
and 200-mL groups at the same hydration time, and the 
Kruskal-Wallis rank-sum test and Dunn test were used to 
compare the differences in PET parameters between the  
3 hydration time subgroups at the same water volume and 
the clinical quantitative information between the groups. 
SPSS software (version 20.0; IBM Corp., Armonk, NY, 
USA) and GraphPad Prism 8 (GraphPad Software Inc., San 
Diego, CA, USA) were used to perform statistical analysis, 
with P values <0.05 indicating a significant difference.

Results

Patients

A total of 332 participants were prospectively hydrated, 
and another 42 participants underwent dynamic PET. Of 
these, 164 were excluded due to failure to cooperate with 

the hydration protocol (n=27), failure to meet the 18F-FDG 
uptake time (n=78), excessive tumor load (n=27), obstructive 
pathology of the urinary tract (n=7), moderate-to-severe fatty 
liver or cirrhosis (n=11), or 18F-FDG injection infiltration 
(n=14). Finally, a total of 210 patients (men, 129; women, 81) 
with an average age of 56.7±12.4 years (range, 19–80 years) 
were enrolled. The clinical characteristics of the patients in 
the different groups are shown in Table 1, and details about 
the cancers are shown in Table 2. There was no statistical 
difference in the 18F-FDG uptake time between the 7 groups. 
The age, sex, weight, height, body mass index (BMI), and 
blood glucose level were comparable between the 7 groups. 
All enrolled patients tolerated the hydration protocols well.

The quantitative parameters of the blood pool, muscle, 
liver, kidney, and bladder in the 6 hydration groups are 
summarized in Table 3.

Effect of water volume on the quantification of healthy 
tissue uptake

For hydration at 20 min before or 30 min after injection, 

A B

C D

Figure 2 The placement of the standard ROI for normal tissues (arrowed circles). (A) A blood pool along the medial wall of the root of the 
aortic arch; the ROI was placed in the lumen. (B) Muscle: ROIs with a diameter of 20 mm were placed at the transverse section with the 
third sacral foramen level. (C) Liver: four 2D circular ROIs with a diameter of 20 mm were placed in homogenous areas (1 on the left lobe 
and 3 on the right lobe) on the transverse section with the maximal diameter of the liver, with lesions and major blood vessels being avoided. 
(D) Kidney: ROIs with a diameter of 10 mm were placed in the renal parenchyma on the maximum coronal section of both kidneys. ROI, 
region of interest.
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the SUVmax and SUVmean of the blood pool (Figure 3) 
in the 500-mL group were significantly lower than in the 
200-mL group (P<0.05 for G1 vs. G4 and for G3 vs. G6). 
With hydration at 5 min after injection, the SUVmax and 
SUVmean of the blood pool were 1.74 and 1.55 in the  
500-mL group (G2), and 1.85 and 1.66 in the 200-mL  
group (G5), respectively (P=0.06 for SUVmax and 
P=0.07 for SUVmean), with differences approaching the 
significance threshold. There was a tendency of a decreased 
SUVmax of the renal parenchymal and bladder cavity 
related to increased renal tracer excretion with a high 
volume of water, with a statistically significant difference in 

SUVmax of the bladder cavity between G1 and G4 (P<0.05). 
However, there were no significant differences in muscle 
SUVmax or SUVmean (Figure 4) or in liver SUVmax, 
SUVmean, SD, and SNR between the 500-mL group and 
the 200-mL group at any hydration time (P>0.05 for G1 vs. 
G4, G2 vs. G5, and G3 vs. G6) (Figure 5A-5D).

Effect of water administration time on the quantification 
of healthy tissue uptake

With the delay in hydration time, the SUVmax and 
SUVmean of the blood pool and muscle tended to increase. 

Table 1 Clinical characteristics of the participants in the 7 Groups (n=30 for all groups)

Characteristic G1 G2 G3 G4 G5 G6 Nonhydration P

Gender (male/female) 16/14 21/9 20/10 19/11 19/11 18/12 16/14 0.81

Age (years) 58.6±11.7 56.6±14.5 57.9±9.4 55.0±11.0 59.1±13.2 57.2±12.0 52.7±14.2 0.64

Weight (kg) 60.7±6.8 62.3±8.9 62.3±10.2 63.7±12.5 61.7±10.9 64.8±11.4 62.9±11.4 0.85

Height (cm) 164.8±5.7 166.3±5.9 166.0±7.2 166.0±8.3 164.2±8.8 166.3±9.1 165.0±8.3 0.97

BMI (kg/m2) 22.3±2.5 22.5±2.3 22.5±3.2 23.0±3.1 22.8±3.2 23.1±3.5 23.0±3.4 0.80

Blood glucose (mmol/L) 5.5±0.6 5.4±0.8 5.4±0.6 5.3±0.5 5.3±0.7 5.2±0.6 5.6±0.8 0.23

Injected dose (MBq) 119.9±19.0 117.2±17.5 117.7±17.8 119.5±21.7 123.3±23.1 118.5±22.6 121.3±18.7 0.88

Uptake time (min) 64.1±8.4 64.1±9.7 64.3±9.4 60.4±9.9 61.8±8.8 60.4±9.3 60.5±7.0 0.22

Data are presented as the mean ± SD or the number of patients. BMI, body mass index; SD, standard deviation.

Table 2 Pathological distribution of the primary tumors and suspected metastases in the 7 groups (n=30 for all groups)

Pathological distribution G1 G2 G3 G4 G5 G6 Nonhydration

Head and neck tumor (n=9) 2 2 1 2 1 0 1

Esophageal cancer† (n=17) 1 2 3 4 2 3 2

Lung cancer† (n=50) 6 7 7 9 9 8 4

Gastric cancer (n=28) 6 6 3 1 5 3 4

Breast cancer (n=8) 1 0 2 1 2 1 1

Liver cancer (n=8) 1 0 2 0 0 1 4

Colorectal cancer (n=33) 5 4 5 5 3 6 5

Gynecological tumor (n=7) 0 1 2 1 0 1 2

Other tumor (n=4) 0 1 0 0 0 2 1

No malignant lesions (n=46) 8 7 5 7 8 5 6

With liver metastases‡ (n=6) 1 1 0 2 0 0 2

Para-aortic node metastasis† (n=7) 2 1 1 2 0 1 0
†, the distance between the primary tumors and the region-of-interest placement location of the blood pool was more than 5 cm. The distance 
between the para-aortic node metastasis and the ROI placement location of the blood pool was more than 2 cm. ‡, the number of metastases 
lesions was less than 5 for any participant, and the diameter was less than 2 cm for any liver metastasis lesion. ROI, region of interest.
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Table 3 Quantitative parameters from the 6 hydration groups

Measurement G1 G2 G3 G4 G5 G6 Nonhydration

Blood

SUVmax 1.62±0.20†,‡ 1.74±0.22 1.77±0.31§ 1.80±0.28 1.85±0.23 1.93±0.26 2.33±0.36¶

SUVmean 1.44±0.23†,‡ 1.55±0.19 1.60±0.28§ 1.61±0.23 1.66±0.24 1.73±0.23 1.98±0.29¶

Muscle

SUVmax 0.69±0.10‡ 0.70±0.10‡ 0.79±0.14 0.68±0.10§ 0.70±0.10§ 0.78±0.10 0.81±0.15#

SUVmean 0.58±0.12‡ 0.58±0.12‡ 0.68±0.14 0.57±0.10§ 0.59±0.10§ 0.68±0.11 0.62±0.13#

Liver

SUVmax 2.55±0.39 2.58±0.36 2.61±0.50 2.61±0.39 2.55±0.40 2.70±0.32 3.03±0.42¶

SUVmean 2.29±0.35 2.31±0.32 2.34±0.45 2.35±0.34 2.27±0.38 2.43±0.28 2.73±0.37¶

SD 0.12±0.02 0.12±0.02 0.12±0.03 0.12±0.02 0.12±0.02 0.13±0.02 0.14±0.03¶

SNR 19.80±2.26 19.82±1.64 19.56±2.29 19.54±2.02 19.51±2.23 19.69±2.30 19.79±2.72

Kidney

SUVmax 2.84±0.33 2.87±0.29 2.89±0.35 2.96±0.53 2.98±0.42 3.02±0.39 3.54±0.41¶

Bladder 

SUVmax 24.6†  
(101.5–12.5)

47.8  
(114.7–19.1)

91.9  
(140.7–19.1)

66.9  
(180.2–23.7)

66.6  
(153.9–30.5)

81.6  
(190.6–26.9)

231.4¶  
(85.6–377.1)

Data are presented as the mean ± SD or median (interquartile range). Difference between groups were significantly different if the P<0.05 
after corrections. †, the mean SUV was significantly different from G4; ‡, the mean SUV was significantly different from G3; §, the SUV 
was significantly different from G6; ¶, the SUV or SD was significantly different from any of the hydration groups (G1–G6); #, the SUV was 
significantly different from any of G1 to G4. SUVmax, maximum standardized uptake value; SUVmean, mean standardized uptake value; 
SD, standard deviation; SNR, signal-to-noise ratio.
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Figure 3 The quantitative parameters of the blood pool  in the 7 groups. There was a significant difference in SUVmax and SUVmean 
of the blood pool between G1 and G4 or between G3 and G6 (P<0.05). The difference between G2 and G5 approached the threshold of 
significance (P=0.06). *, the SUVmax and SUVmean of G1 were significantly lower than those of G3. #, the SUVmax and SUVmean of 
the blood pool were significantly higher in the nonhydration group than in any hydration group (P<0.05). ns, no statistically significant 
difference. SUVmax, maximum standardized uptake value; SUVmean, mean standardized uptake value.

Specifically, with 500 mL of water, the SUVmax and 
SUVmean of the blood pool in G1 was significantly lower 
than in G3 (adjusted P<0.05). With 200 mL of water, the 
SUVmax of the blood pool was 1.80, 1.85, and 1.93 in G4, 

G5, and G6, respectively, with no significant difference 
(P>0.05). In addition, with 500 mL of water, the SUVmax 
and SUVmean of the muscle in G3 were significantly higher 
than in G1 and G2 (adjusted P<0.05 for G1 vs. G3 and for 
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Figure 4 The quantitative parameters of the muscle in the 7 groups. There was no significant difference in SUVmax and SUVmean of 
the muscle between G1 and G4, between G2 and G5, or between G3 and G6 (P>0.05). *, SUVmax and SUVmean of the muscle were 
significantly higher in G3 than in G1 and G2 and higher in G6 than in G4 and G5 (P<0.05). #, the muscle SUVmax and SUVmean were 
significantly higher in the nonhydration group than in G1, G2, G4, and G5 (P<0.05). ns, no statistically significant difference. SUVmax, 
maximum standardized uptake value; SUVmean, mean standardized uptake value.
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Figure 5 The quantitative parameters of the liver in the 7 groups. The liver SUVmax, SUVmean, and SD were compared among all  
6 hydration groups, with all P>0.05. The liver SNR was compared among all the 7 groups, with all P>0.05. #, the liver SUVmax, SUVmean, 
and SD of the nonhydration group were significantly higher than those in all the hydration groups, with P<0.05 for all hydration groups 
vs. the nonhydration group. ns, no statistically significant difference. SUVmax, maximum standardized uptake value; SUVmean, mean 
standardized uptake value; SD, standard deviation; SNR, signal-to-noise ratio.

G2 vs. G3). Similarly, with 200 mL of water, the SUVmax 
and SUVmean of the muscle in G6 were significantly higher 
than in G4 and G5 (adjusted P<0.05 for G4 vs. G6 and for 
G5 vs. G6). There was no statistically significant difference 
in the liver SUVmax, SUVmean, SD, or SNR between G1, 
G2, and G3 or between G4, G5, and G6 (P>0.05 for G1, 
G2, vs. G3 and for G4, G5, vs. G6).

The quantification of healthy tissue uptake between the 
hydration groups and nonhydration group

The SUVmax (2.33±0.36) and SUVmean (1.98±0.29) of 
the blood pool in the nonhydration control group were 
significantly higher than in each of the 6 groups (P<0.05 
for all hydration groups vs. nonhydration group). The 
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Figure 6 Tomographic images of 18F-fluorodeoxyglucose positron emission tomography with different hydration protocols. (A) G1: a 
49-year-old male with colorectal cancer. (B) G2: a 64-year-old male with vocal cord cancer. (C) G3: a 61-year-old male with lung cancer. (D) 
G4: a 64-year-old male with colorectal cancer. (E) G5: a 52-year-old male with lung cancer. (F) G6: a 70-year-old male with lung cancer. (G) 
Nonhydration group: a 28-year-old healthy male.

SUVmax (0.81±0.15) and SUVmean (0.62±0.13) of the 
muscle in the nonhydration group were significantly 
higher than in G1, G2, G3, and G4. However, there was 
no difference in muscle SUVmax and SUVmean between 
the nonhydration group, G5, and G6. The nonhydration 
control group showed a higher liver SUVmax (3.03±0.42), 
SUVmean (2.73±0.37), and SD (0.14±0.03) compared to 
the 6 hydration groups (P<0.05 for all hydration groups 
vs. nonhydration group), but there was no difference in 
the liver SNR between the nonhydration (19.79±2.72) and 
hydration groups. The SUVmax of the renal parenchymal 
(3.54±0.41) and bladder cavity [median (interquartile 
range): 231.4 (85.63, 377.10)] in the nonhydration group 
was significantly higher than in any of the 6 groups (P<0.05 
for all hydration groups vs. nonhydration group).

Typical images obtained under different hydration 
protocols are shown in Figures 6,7.

Discussion

18F-FDG is injected intravenously into the blood circulation 
and exhibits higher uptake in the tumor tissue, but this 
depends on the biological characteristics, while there may 
be a degree of distribution in normal tissues (23). The 
difference in the degree of uptake of 18F-FDG between 
the tumor and the surrounding normal tissue in PET-
CT imaging is important evidence for the diagnosis 

of disease (24). FDG is excreted by the kidneys into 
the urine and clearance of 18F-FDG can be affected by  
hydration (25). Adequate hydration can increase blood 
capacity and help accelerate the excretion of 18F-FDG, 
thus having a potential benefit of reducing background 
radioactivity (26-28). Therefore, during 18F-FDG PET-
CT imaging, it is important for patients to be sufficiently 
hydrated to improve the contrast between the tumor 
and normal tissue, as well as to keep patient radiation 
exposure levels as low as reasonably possible (7,29). To 
our knowledge, there are no data concerning the effects of 
hydration volume and time on the quantification of healthy 
tissue uptake in the administration of 18F-FDG total-body 
PET-CT with half-dose activity.

The SUV is the most common parameter for quantifying 
the accumulation of 18F-FDG in tissues in conventional 
PET-CT examinations (30). Partial-volume effects, the time 
of 18F-FDG uptake, participants’ preparation, and the blood 
glucose level all impact SUV assessment (31). Therefore, to 
minimize the interference elements that impact the SUV as 
much as possible in the present study, the interval time of all 
patients from the injection of 18F-FDG to image acquisition 
of all patients was acceptable, and the difference between 
groups was not statistically significant. We only selected 
patients who did not drink water during the 6-h fasting 
time. Blood glucose was also strictly controlled at a level 
below 7.8 mmol/L. There were no statistical differences 
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G1 G2 G3 G4 G5 G6 Non

Figure 7 MIP images of 18F-fluorodeoxyglucose total-body positron emission tomography with different hydration protocols. G1: a 73-year-
old male with gastric cancer. G2: a 67-year-old male with colorectal cancer. G3: a 61-year-old male with lung cancer. G4: a 64-year-old male 
with colorectal cancer. G5: a 52-year-old male with lung cancer. G6: a 63-year-old male with esophageal cancer. Nonhydration group: a 
61-year-old male with liver cancer. MIP, maximum-intensity projection.

in sex, age, weight, height, BMI, injected dose, or blood 
glucose level between the groups.

Different mechanisms of uptake and excretion, including 
the physiological activity of the normal soft tissues and 
the kidneys as well as the size of the tumor tissue and the 
metabolic activity of the malignant cells, contribute to the 
remaining 18F-FDG concentration in the blood pool (32). 
Therefore, we only enrolled patients with normal renal 
function and no urinary tract obstruction and excluded those 
with excessive tumor load or high bone marrow uptake.

Our results showed that the SUV of the blood pool was 
related to the volume of drinking water and was related to 
hydration time when hydration was adequate (500 mL). 
With the delay in hydration time or with a decrease in the 
hydration volume, the quantification of the blood pool 
increased. Additionally, compared to the participants who 
did not drink any water during the fasting and uptake times, 
those in the hydration groups had a significantly lower SUV 
of the blood pool. The improved background with adequate 
(500 mL) hydration could be explained by the better 
excretion of the tracers from the kidneys, as shown by the 
lower SUVmax in the renal parenchyma and bladder cavity. 
This result suggests that adequate water intake (500 mL) 
20 min before the injection of 18F-FDG can significantly 
reduce the background radioactivity in the blood pool.

The muscle showed higher SUVmax with the delay in 
hydration time, but this was independent of the volume 
of water. Moreover, the data of the nonhydration control 
group indicated that compared with participants in the  
20 min-before and 5 min-after groups who drank either 
500 or 200 mL of water, those in the non-hydration control 
group had increased 18F-FDG accumulation in muscular 
tissue, suggesting that 200 mL of water was as effective 
as 500 mL. This finding supports the findings of Ceriani  
et al. (32), in which compared to 500, 250 mL of liquid 
was found to be sufficient for reducing background activity 
in muscular tissue. However, Ceriani et al. stated that the 
timing of hydration is not crucial, but our study’s findings 
suggest that drinking water 20 min before or 5 min after 
18F-FDG injection would be more effective.

In our study, the SUVmax, SUVmean, and SD of the 
liver in the nonhydration group were dramatically higher 
than in any of the 6 hydration groups regardless of the 
volume and time. However, the SNR of the liver, which was 
obtained by dividing the liver SUVmean in the ROI by its 
SD, was almost equivalent between the nonhydration group 
and any of the 6 hydration groups. However, there was no 
statistically significant difference in the effects of different 
hydration protocols on the liver between the groups. The 
liver contains high levels of metabolically active enzymes 
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including glucose-6-phosphatase. This enzymatic activity 
could further reduce the normal “metabolic trapping” of 
FDG-6-phosphate and overall normal liver background 
activity (33,34). Therefore, 200 mL of liquid may be 
sufficient for reducing the background activity in the liver, 
but the timing of hydration may be irrelevant.

This study has some potential limitations. The location of 
the primary lesion, tumor stage, and histologic tumor type 
were not comparable between the 7 groups, and thus the 
SUVmax of the primary lesions also varied across groups. 
Thus, the target–to–background ratio of the patients could 
not be analyzed. In addition, we used dynamic PET images 
reconstructed from the last 10 min of data to simulate static 
acquisition scenarios. Although participants who underwent 
static PET-CT were required to rest quietly for about  
60 min after the injection of 18F-FDG, physical activities 
such as movement from the waiting room to the restroom 
and examination room were unavoidable. However, the 75- 
or 60-min dynamic PET acquisition was started with the 
bolus injection of 18F-FDG throughout which participants 
lay on the examination bed. The patient’s physical activity 
might have influenced the distribution of 18F-FDG. 
Previously, our team explored the feasibility of reduced 
injected activity and shorter PET acquisition duration 
(14,15). Total-body PET-CT with half-dose activity and 
a 10-min acquisition time is one of the routine protocols 
in our department (35,36). Therefore, this study only 
examined hydration in patients who underwent half-dose 
PET-CT imaging. There is still a lack of understanding 
concerning how hydration affects the quantification of 
healthy tissue uptake with full or ultralow doses. Finally, no 
dosimetry information was provided in this study.

Conclusions

When total-body PET-CT with a half dose of 18F-FDG 
activity is performed, hydration can significantly affect 
the quantification of healthy tissue uptake. With adequate  
(500 mL) water intake, drinking water 20 min before 
injection showed lower quantification of blood pool uptake 
compared to drinking water 5 or 30 min after injection. 
Drinking 500 or 200 mL water 20 min before or 5 min 
after injection can significantly reduce the quantification of 
muscle uptake.
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