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Abstract 

Purpose To explore the feasibility of a low dose regimen with short acquisition time of 68Ga-DOTATATE total-body 

PET/CT without compromising image quality of patients with NETs.  

Methods Fifty-seven consecutive NETs patients who underwent 68Ga-DOTATATE total-body PET/CT, with a low dose 

regimen (0.8-1.2 MBq/kg) of 68Ga-DOTATATE and acquisition time of 10 min prior to any treatment, were enrolled in the 

present study. The PET data were split into 1 min, 2 min, 3 min, 4 min, 5 min, 8 min and 10 min reconstruction groups, 

referenced as R1, R2, R3, R4, R5, R8 and R10. The subjective evaluation of image quality was scored in 5-point Likert 

scale based on three aspects: the overall impression of the image quality, the image noise, the lesion detectability. The 

objective image quality was assessed by the signal-to-noise ratio of liver (SNRL), the coefficient of variation (CV), the 

SUVmax, SUVmean, SD of liver, mediastinal blood pool and lesion, the tumor-liver ratio (TLR), the tumor-mediastinal 

blood pool-ratio (TMR) of lesion.  

Results The sufficient subjective image quality with a score of 3.44±0.53 could be obtained at 3 min acquisition duration, 

with a kappa value of 0.90. In quantitative analysis, the value of SNRL is over 10 in all reconstruction groups. As the 

acquisition time increases, SNRL was increased and CV was decreased within 3 min, while SNRL and CV showed no 

significant different between R4-R10. There was no significant different in TMR and TLR of lesion between R1-R10 (all 

p < 0.05). Referenced as PET images of R10, 90 SSTR-positive lesions are identified, and all those lesions are found in the 

R1-R10 groups (100%). 

Conclusion The low-dose (0.8-1.2 MBq/kg) 68Ga-DOTATATE total-body PET/CT not only shortens acquisition time, but 

maintains a sufficient image quality for the NETs patients. 

Keywords Image quality, low-dose regimen, total-body PET, 68Ga-DOTATATE, PET/CT imaging 

  



Neuroendocrine tumors (NETs) are a heterogeneous group of tumors originating from neuroendocrine cells distributed in 

many organs, but more in the gastrointestinal tract and lungs, synthesizing, storing and secret various circulating hormones 

and neurotransmitters [1]. NETs are marked by the expression of somatostatin receptors (SSTR) subtypes (SSTR1-SSTR5), 

among which SSTR2 is predominately expressed [2]. In well-differentiated NETs (G1, G2 and well-differentiated G3), the 

high SSTRs expression not only makes these lesions ideals of targeting radionuclide imaging, but also indicates the 

potentially effective for radionuclide therapy of NETs [3]. Scintigraphy with 123I-somatostaion analogues, and followed by 

111In, 99mTc labelling, using planar, SPECT or SPECT/CT imaging, have been effectively used for targeting SSTRs imaging. 

However, it has several limitations, including high physiological uptake in liver, spleen and kidney, etc., high energy 

gamma emissions and lower resolution of gamma cameras, all resulting in decreasing the detection efficiency [4, 5].  

Recently, PET imaging with 68Ga‐ DOTATATE (68Ga‐ DOTA‐ Tyr3‐ Thr8‐ octreotide), showed especially higher-

affinity in binding to SSTR2-positive tissues (0.2±0.04 nM) than that of the other SSTR subtypes [3, 6]. Better spatial 

resolution, higher sensitivity and shorter acquisition times were achieved dependent on the revolution of PET detector. The 

current procedure guideline on 68Ga-DOTA-conjugated peptides recommended the administered activity ranging from 100 

to 200 MBq, and at least 100 MBq was needed in order to obtain a good image quality. The amount of DOTA-peptide 

should be less than 50 μg for no significant pharmacological effect. Additionally, the injection activity was also limited by 

the sensitivity of PET detector and patient’s weight [7]. Nowadays, the total-body PET detector crystals with size of 

2.76×2.76×18.0 mm3, coupled to silicon photomultiplier (SIPMs), owned ultra-high sensitivity [8]. Based on this feature, 

our team found that low injected 18F-FDG activity was sufficient for a good image quality and without decreasing the 

detection efficiency for lung cancer [9, 10]. And ultra-low dose (0.37 MBq/kg) injected activity of 18F-FDG could achieve 

relevant kinetic metrics and comparable image quality compared with that of full-activity imaging [11]. Besides, using 

conventional dose-regimen, the acquisition time could be significantly shorter within 2 min for a sufficient image quality 

of 18F-FDG PET/CT [12].  



By virtue of the ultra-high sensitivity of total-body PET detectors, we initially explore the feasibility of a low injected dose 

regimen (0.8-1.2 MBq/kg) with short acquisition time of 68Ga-DOTATATE total-body PET/CT, and without compromising 

image quality of patients with NETs.  

Materials and Methods 

Patient population 

All patients’ information was in accordance with the institutional ethical standards, and all included patients waived written 

informed consent prior to recruiting into the study. A total of 102 consecutive patients diagnosed or suspected 

neuroendocrine tumors (NETs) underwent 68Ga-DOTATATE total-body PET/CT from September 2020 to January 2021 in 

our center. Fig. 1 showed the process of patient recruitment including the inclusion and exclusion criteria. Finally, 57 

patients had histologically confirmed NETs (46 of all included patients received surgical or endoscope resection, and 11 

underwent aspiration biopsy), and then graded according to AJCC 2017 [14]. 68Ga-DOTATATE performed for diagnosis, 

staging or restaging. All included patients were grouped into SSTR positive expression group and negative expression 

group.   

68Ga-DOTATATE PET/CT imaging and image reconstruction 

68Ga-DOTATATE were synthesized in-house according to the method previously described by Zhernosekov [15]. All 

participants had no need for fasting food before the injection. The imaging was acquired as following steps, shown in Fig. 

2: (1) Low radiation dose CT was performed prior to PET imaging for attenuation correction with voltage of 120 kV, the 

current of 10 mA. (2) The images were simultaneously acquired in a dynamic mode for 60 min with a bolus injection of 

68Ga-DOTATATE by uEXPLORER (United Imaging Healthcare, Shanghai, China) with an axial FOV of 194 cm. (3) Then, 

the tube voltage of Diagnostic CT was performed with the voltage of 120 kV, and the modulation technology was 

recommended for tube current to reduce the radiation dose. (4) The 60 min images were divided into two parts: 0-50 min 

and 50-60 min, and the images of 50-60 min were further split into 50-51 min, 50-52 min, 50-53 min, 50-54 min, 50-55 



min, 50-58 min and 50-60 min reconstruction groups, which were defined as R1, R2, R3, R4, R5, R8 and R10. The injection 

activity was in a linear dose regimen (0.8-1.2 MBq/kg).  

Table 1 summarized the current scanning and reconstruction protocol. PET images were reconstructed using 3D list-mode 

ordered-subset expectation maximization algorithm (3D-OSEM), combination with following parameters: Time of fly and 

point spread function modeling (TOP-PSF), 3 iterations with 20 subsets, matrix of 192 × 192 and slice thickness of 1.443 

mm, and the full width at half maximum of the Gaussian filter function of 3 mm.  

Image analysis  

PET image quality was independently evaluated by two experienced nuclear medicine physicians, who were blinded to the 

patient’s medical history and the reconstruction time. For subjective assessment of image quality, the image quality was 

scored in 3 perspectives: the overall impression of the image quality, the image noise, the lesion detectability, which were 

scored using 5-points Likert scale (1, non-diagnostic image quality; 2, poor image quality; 3, moderate image quality; 4, 

good image quality; 5, excellent image quality), as previously described [10]. Images from R10 were regarded as excellent 

in the analysis. The score of 3 was equivalent to the image quality of a clinical routine in our center.  

Then, the image was interpreted by an experienced nuclear medicine physician. A circular region of interest (ROI) in 2D 

mode was manually drawn in the right liver lobe and the ascending aorta in a lesion-free, homogenous region, avoiding 

partial volume effects. The diameter of the ROI in the right liver lobe was limited to 20 mm, and the perimeter of ROI in 

the ascending aorta was 30 mm2. The ROI of lesion was placed in the highest-pixel-value slice of transverse view, and the 

highest lesion was measured in case of multiple lesions. The maximum standard uptake value (SUVmax), the mean of 

standard uptake value (SUVmean), and the standard deviation (SD) of liver and ascending aorta were recorded. The 

SUVmax and SUVmean of a lesion were recorded. For interpretation of image quality, the signal-to-noise ratio (SNRL) of 

liver was calculated by dividing the SUVmean by SD:  

SNRL = 
SUVmean of liverSD of liver                                              Eq. 1 



The noise can influence the detectability of lesion, described as the coefficient of variation (CV):  

CV = 
SDSUVmean      × 100 %                                         Eq. 

2 

ROI was first placed on R10 images, and then the measurement of the same location on the other reconstruction images 

using the copy-and-paste ROI function. The SUVmax, SUVmean and SD were recorded, respectively. The tumor-liver 

ratio (TLR) and tumor-mediastinal blood pool-ratio (TMR) was calculated by dividing the SUVmax of the lesion by the 

SUVmean of liver, and SUVmax of the lesion by the SUVmean of ascending aorta: 

TLR = 
SUVmax of lesionSUVmean of liver                                            Eq. 3  

TMR = 
SUVmax of lesionSUVmean of ascending aorta                                Eq. 4 

Lesions’ detectability was measured by the lesion detection rate. 

Statistical analysis 

All statistical analysis was performed using IBM SPSS Statistics Version 26 (IBM Inc., Chicago, IL, USA) and Prism 8 

(GraphPad Software Inc., San Diego, California, USA). Data was described as mean±SD. Differences in quantitative 

variables were assessed by analysis of variance (ANOVA) with post hoc Bonferroni adjustment for pairwise comparison. 

Categorical variables were compared using the chi square test. Cohen’s kappa analysis of overall image quality was 

performed to evaluate the inter-reader agreement. Results were considered statistically significant if p less than 0.05.  

Results 

Patient characteristics 

The patients’ characteristics are displayed in Table 2. A total of 57 NET patients (36 males and 21 females; mean age, 

53.6±11.2 years, range: 30.0-80.0 years) were enrolled in the study. The injected activity per kilogram was 1.0±0.2 

(range: 0.8-1.2 MBq/kg), and the mean injected activity was 66.9±11.3 MBq (range: 41.9-88.0 MBq). The images 

showed the lesions were located in the gastrointestinal (39, 68.4%), pancreas (5, 8.8%), liver (4, 7.0%), breast (2, 



3.5%), mediastinum (2, 3.5%) and another site (5, 8.8%). According to AJCC classification, there are 18 patients 

with G1 (31.6%), 29 patients with G2 (36.8%) and 10 patients with G3 or neuroendocrine carcinoma (17.5%). 

Analysis of image quality 

Subjective image quality  

Table 3 gives an overview of subjective score for each reconstruction, the score of overall image quality in R1 and 

R2 group were 1.51±0.50 and 2.44±0.54, reviewed as non-diagnostic image. The R3-R10 presents a good image 

quality with the score of 3.44±0.53, 4.44±0.57, 5.00±0.00, 5.00±0.00 and 5.00±0.00, respectively. The inter-reader 

agreement of overall image quality in the R1-R10 groups indicated almost perfect with a kappa value of 0.93, 0.86, 

0.90 and 0.97, 1.00, 1.00, 1.00 for each acquisition duration, respectively. The noise in R1 and R2 groups did not 

meet the requirement of diagnosis with the subjective score of 1.44±0.50 and 2.40±0.53, while the noise score of the 

R3-R10 showed superior to R1 and R2. The level of noise in the R3-R10 is scored with 3.42±0.60, 4.47±0.50, 5.0±0.0, 

5.0±0.0 and 5.0±0.0, respectively. The subjective score of lesion detectability were 2.59±0.62, 3.56±0.67, 4.47±0.57, 

4.97±0.18, 5.0±0.0, 5.00±0.00 and 5.00±0.00 for all those reconstruction groups.  

Objective image quality 

The value of SNRL is over 10 in all reconstruction groups. In Fig. 3a, the SNRL were significantly lower in R1, R2 

and R3 than R10 group, while R4, R5, R8 and R10 show no significant differences (p < 0.05). The CV is presented 

against acquisition time in Fig. 3b, and the CV is significantly decreased along with the reconstruction times in R1, 

R2, R3 compared with R10, but it is no obvious difference between R4, R5, R8 and R10. There is no significant 

different in TMR and TLR between all reconstruction groups (all p < 0.05, shown in Fig. 3c-d). No differences in 

SUVmax and SUVmean of liver are evident between different groups. The SD of the liver is significantly higher in 

the R1 group compared with the R8 and the R10 group, and the equal value of SD is observed between the other 

groups (Shown in Fig. 4a). There are no obvious differences in SUVmax and SUVmean of mediastinal blood pool, 



and the SD of mediastinal blood pool in R1, R2 and R3 are higher than R4-R10 (shown in Fig. 4b). There is not any 

discrepancy between a series of reconstructions in SUVmax, SUVmean and SD of lesions (shown in Fig. 4c). Table 

4 presented objective image quality parameters in R4 and R10 group. Compared with R10, R4 obtain equal value of 

SUVmax and SUVmean in liver, blood pool and lesions. And the CV of liver and blood pool also shows no significant 

differences. The TLR and TMR in R2 are comparable to that of R10.  

Referenced as PET images of R10, 90 SSTR-positive lesions are identified. There are in liver (38, 42.2%), bone (18, 

20%), lymph node (15, 16.7%), gastrointestinal (10, 11.1%), pancreas (5, 5.6%), breast (2, 2.2%) and mediastinum 

(2, 2.2%), and all those lesions are found in the R1-R10 groups (100%). Fig. 5 showed a typical case.    

Discussion 

This study investigated the objective image quality, subjective image quality and lesion detectability to search for an 

optimize and minimize acquisition time of low-dose 68Ga-DOTATATE (0.8-1.2 MBq/kg) PET/CT imaging. The 

results demonstrated that sufficient subjective image quality with a score of 3.44±0.53 could be obtained at 3 min 

acquisition duration, and the lesions acceptable for diagnosis at duration time of 2 min with a score of 3.56±0.67. 

The quantitative parameters of image quality in acquisition time of 4 min were comparable to that of 10 min.  

There are multiple factors can influence image quality of PET of 68Ga-DOTATATE, such as treatment with 

somatostatin analogs, injected activity, acquisition time, uptake time, presence of extravasation, uptake time, the 

sensitivity of PET detector system, reconstruction parameters receptor density, etc. To minimize the influence of 

affected factors as soon as possible on image quality, all participants included in this study were following the 

standard procedures established by our center. Previous studies found that 68Ga-DOTATATE had less uptake in liver, 

spleen, and thyroid after treatment initiation with somatostatin analogs than patients without treatment, but no 

significant differences were found in the uptake of 68Ga-DOTATATE in lesions [16]. One prospective study 

performed 68Ga-DOTATATE imaging 1 day before and 1 day after injection of lanreotide, and no evidence of 



decreasing uptake in tumor, but higher tumor-to-liver ratio was obtained [17]. To avoid the influence of treatment, 

our study excluded 6 patients with continuous treatment with octreotide and 1 patient with high intensity focused 

ultrasound in liver within 1 week.  

PET image quality also depends on the acquisition time and the amount of administered activity. Administered 

activity of 68Ga-DOTATATE should be determined by Diagnostic Reference Levels (DRLs), which do not exceed 

standard procedures when good and normal practice is applied. The current procedure guidelines recommended the 

activity administered should be over 100 MBq for a good image quality for consideration of the sensitivity of PET 

detector and patient’s weight. Based on the features of ultra-high sensitivity of total-body PET detector crystals, it is 

possible for images of diagnostic quality with low injection activity and a minimum acquisition time. Compared with 

recommended activity, the total injected activity in this study was at a relatively lower level (0.8-1.2 MBq/kg), 

ranging from 41.9 to 88.0 MBq for the body weight in the range of 42.8 of 101.8 kg. The biodistribution and radiation 

dosimetry showed that 68Ga-DOTATATE was the highest uptake in spleen, followed by bladder and liver, and the 

total effective dose was 0.021 ± 0.003 mSv/MBq [13]. Thus, the radiation dose to patients could be markedly reduced, 

which is consistent with the recommended radiation principle of as low as reasonably possible (ALARP).  

Longer acquisition time could to some extent compensate for the decrease in total count of low-dose regimen, 

increase the SNRL, and reduce image noise (CV), making the reduction of SD in liver and blood pool. However, 

longer scan time also reduced patient’s tolerance and increased the possibility of motion during the examination. In 

this study, the subjective analysis found that 3 min acquisition duration could meet the clinical need of diagnosis. The 

objective parameters were no significant difference between 4 and 10 min, and the lesions could be clearly detected 

in all acquisition time groups (100%). Compared with 3-5 beds acquisition time of 3 min per bed and 30% overlap, 

the duration of single bed of total-body with 3-4 min could be obviously shortened without compromising the image 

quality.  



The SNRL method might also be affected by variation in liver uptake and 68Ga-DOTATATE shows high concentration 

in liver, which could not provide a complete measure of image quality and yield adequate information about image 

resolution and contrast recovery. However, the SNRL is relatively easy to calculate, and correlations with human 

observer studies. Thus, SNRL was always an optimal parameter to be chosen [18]. In Fig. 3a, the average SNRL over 

10 through all duration time groups, which fulfill the Rose criterion: SNRL needs to be equal to or over than 5. The 

higher SNRL is expected to lower noise level. The CV varies from body weight, and overweight patients were 

significantly larger than that of normal weight. Nageki et al [19] reported that the CVliver of PET images for patients 

weighted 60-74 kg was 10.98%, and that for the patient weighted over 75 kg was 14.15%. A recent study [20] showed 

that 5.5 times noise reduction of a 194-cm FOV PET compared to a 30-cm FOV digital PET with the same total 

examination time for scanning a 2-m-long phantom, and the noise reduction became 1.5 times when the same 

acquisition time per bed was performed. In Fig. 3b, the average CVliver of injection activity of 0.8-1.2 MBq/kg 

below 10% with body weight ranging from 42.8 kg to 101.8 kg was obtained in all acquisition groups, and the CVliver 

in 4 min was comparable to 10 min.    

In addition, the image quality could also be improved using the reconstructed method of PSF and TOF. Previous 

study [21] reported that the TOF could accelerate the vergence for a 13 mm sphere and obtain more contact 

information than that without TOF information. Although the image reconstructed with PSF correction slowed the 

iterative convergence, it could provide a more uniform background and increased SNRL than that without PSF 

correction. Previous studies showed that a combination of PSF and TOF clearly improved image quality [22]. In this 

study, the low-dose regimen of 68Ga-DOTATATE imaging with shorter acquisition time, sufficient image quality and 

high lesions detectability, which might also be contributed by the combination of ultra-high sensitivity of total body 

detector and the image reconstructed by TOF and PSF. 

There are several limitations in our study. Firstly, the dose-regimen was only based on body weight. Although we 



had a relatively large range of body weight, the influence of patient sized on image quality was not detailly 

investigated. Secondly, the results were only based on total-body PET detector, whether the optimal and minimized 

time of whole-body PET scanner in the same condition was equal to or longer than 4 min needed to be further 

investigated. Third, the sample size of SSTR-positive patients was limited in our study. Thus, further investigation 

should be performed to evaluate the influence of stages of NETs on lesion detectability.  

Conclusion 

The low-dose (0.8-1.2 MBq/kg) 68Ga-DOTATATE total-body PET/CT not only shortens acquisition time, but 

maintains a sufficient image quality for the NETs patients. 
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Figures

Figure 1

The Flowchart of the enrolled patients in our study.



Figure 2

Diagram of basic acquisition protocol covering one bed position. AC = attenuation correction CT.



Figure 3

Comparasion of SNRL (a), CVliver (b), TLR (c) and TMR (d) between different acquisition groups.



Figure 4

The SUVmax, SUVmean and SD of liver (a), blood pool (b) and lesions (c) between groups.



Figure 5

A-39-year-old man with G2 grade NET in gastric con�rmed by gastroscope. Imaging of MIP (a) showed
avid 68Ga-DOTATATE in abdominal region for R1-R10. The axial PET images showed corresponding
mediastinal blood pool (b) and liver (c). The lesion in gastric body was evidently identi�ed in all
reconstruction times (c).
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