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Abstract
Purpose  High blood glucose (hBG) in patients undergoing [18F]FDG PET/CT scans often results in rescheduling the exami-
nation, which may lead to clinical delay for the patient and decrease productivity for the department. The aim of this study 
was to evaluate whether long-axial field-of-view (LAFOV) PET/CT can minimize the effect of altered bio-distribution in 
hBG patients and is able to provide diagnostic image quality in hBG situations.
Materials and methods  Oncologic patients with elevated blood glucose (≥ 8.0 mmol/l) and normal blood glucose 
(< 8.0 mmol/l, nBG) levels were matched for tumor entity, gender, age, and BMI. hBG patients were further subdivided into 
two groups (BG 8–11 mmol/l and BG > 11 mmol/l). Tracer uptake in the liver, muscle, and tumor was evaluated. Furthermore, 
image quality was compared between long acquisitions (ultra-high sensitivity mode, 360 s) on a LAFOV PET/CT and routine 
acquisitions equivalent to a short-axial field-of-view scanner (simulated (sSAFOV), obtained with high sensitivity mode, 
120 s). Tumor-to-background ratio (TBR) and contrast-to-noise ratio (CNR) were used as the main image quality criteria.
Results  Thirty-one hBG patients met the inclusion criteria and were matched with 31 nBG patients. Overall, liver uptake 
was significantly higher in hBG patients (SUVmean, 3.07 ± 0.41 vs. 2.37 ± 0.33; p = 0.03), and brain uptake was significantly 
lower (SUVmax, 7.58 ± 0.74 vs. 13.38 ± 3.94; p < 0.001), whereas muscle (shoulder/gluteal) uptake showed no statistically 
significant difference. Tumor uptake was lower in hBG patients, resulting in a significantly lower TBR in the hBG cohort 
(3.48 ± 0.74 vs. 5.29 ± 1.48, p < 0.001). CNR was higher in nBG compared to hBG patients (12.17 ± 4.86 vs. 23.31 ± 12.22, 
p < 0.001). However, subgroup analysis of nBG 8–11 mmol/l on sSAFOV PET/CT compared to hBG (> 11 mmol/l) patients 
examined with LAFOV PET/CT showed no statistical significant difference in CNR (19.84 ± 8.40 vs. 17.79 ± 9.3, p = 0.08).
Conclusion  While elevated blood glucose (> 11 mmol) negatively affected TBR and CNR in our cohort, the images from a 
LAFOV PET-scanner had comparable CNR to PET-images acquired from nBG patients using sSAFOV PET/CT. Therefore, 
we argue that oncologic patients with increased blood sugar levels might be imaged safely with LAFOV PET/CT when 
rescheduling is not feasible.
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Introduction

Positron emission tomography/computed tomography (PET/
CT) has been established for tumor imaging and alters stag-
ing and treatment management in nearly 40% of the patients 
[1, 2]. Increased glycolysis and metabolism rate has been 
described in different tumor types allowing to use [18F]
Fluorodeoxyglucose ([18F]FDG) as the main oncologic 
PET tracer [3]. [18F]FDG is transported by glucose trans-
port proteins (GLUT) together with glucose in cells and 
after phosphorylation by the hexokinase trapped as [18F]
FDG-6-phosphate [4]. Different GLUT subtypes with high 
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glucose affinity (class I including GLUTs 1–4) have been 
identified. Their differing Km (Michaelis constant, sub-
strate concentration at half the maximum velocity) partly 
predicts their different functions [5]. GLUT 1 and 3, which 
are overexpressed in tumor and brain tissue, have low Km 
(1–2 mmol/l) resulting in low Vmax, whereas GLUT 2 and 
4 which are expressed in the liver and muscles have high 
Km (GLUT 2, ~ 20 mmol/l; GLUT 4, 5 mmol/l) resulting in 
high Vmax [6].

In conditions with elevated fasting blood glucose (BG) 
(> 8.0 mmol/l), it is assumed that GLUTs, especially with a 
low Km (e.g., GLUT 1 in tumor cells and GLUT 3 in brain 
tissue), are saturated. Consecutively, hyperglycaemia can 
result in reduced [18F]FDG uptake in the tumor and brain as 
it competes with the endogenous glucose excess. Further-
more, sink effect can occur if the bio-distribution of [18F]
FDG is altered [7].

Eskian et al. reported that the liver as the key organ for 
glucose regulation showed increased [18F]FDG uptake in 
hyperglycaemia [3]. Furthermore, brain uptake was sig-
nificantly reduced in patients with elevated blood glucose. 
Moreover, GLUTs can be insulin-dependent (e.g., GLUT 4 
in skeletal muscle), which may result in reduced [18F]FDG 
uptake in patients with diabetes due to an insulin resistance 
of the cells [3].

Many patients scheduled for an [18F]FDG PET/CT exami-
nation present with elevated BG levels due to an increas-
ing incidence of pre-diabetic and diabetic disorders [8]. 
Therefore, the Societies of Nuclear Medicine in the USA 
(SNMMI) and in Europe (EANM) suggest to either delay 
the PET/CT examination or inject short acting insulin or 
hydrate the patient in cases of elevated BG (8.3–11.1 mmol/l 
and > 11.1 mmol/l) or reschedule the scan [9, 10]. An upper 
blood glucose limit of 8.9 mmol/l for [18F]FDG brain imag-
ing was defined by Varrone et al. [11]. To date, there is 
uncertainty about the effect of the elevated BG on tumor 
uptake and background activity [12]. While some authors 
showed that tissue uptake (e.g., lung, bone marrow, spleen, 
fat, bowel and stomach) was not affected by high plasma 
glucose levels prior to [18F]FDG injection, whereas mus-
cle uptake was slightly increased in hyperglycaemia [13]. 
Other works reported that tumor uptake is not significantly 
impaired by elevated blood glucose levels [3, 13–16].

In the last decade, digital detector technology and 
enhanced time-of-flight capabilities have resulted in sig-
nificant improvements in PET sensitivity and resolution 
[17]. Further advancements were achieved by the recent 
introduction of long-axial field-of-view (LAFOV) PET-
scanners with axial lengths over 100 cm [17–20]. With 
increasing length of the scanner, more lines of response 
(LOR) emitted from the patient hit the detectors [21], 
resulting in noise reduction and an improvement in sensi-
tivity which may improve lesion conspicuity [19, 22–24]. 

These advantages might be clinically useful when image 
quality is expected to be impaired, as in hyperglycaemic 
patients receiving [18F]FDG.

In this study, we aim to evaluate the improvement 
of image quality when using a LAFOV PET system in 
patients with elevated blood glucose and aim to investi-
gate whether this allows to compensate to some degree the 
altered distribution of [18F]FDG in elevated blood glucose 
situations.

Materials and methods

Patient population, radiopharmaceutical, 
and imaging

Nine hundred thirty-three oncologic patients undergoing 
clinical routine [18F]FDG-PET/CT on a LAFOV PET scan-
ner were retrospectively evaluated. As per clinical routine, 
patients fasted for at least 6 h prior to the [18F]FDG-PET/
CT. Blood g	 lucose levels were confirmed by blood 
glucose sampling. In total, 3.0 ± 0.19 MBq/kg [18F]FDG 
was injected intravenously. All patients received skull base 
to mid thighs PET scans on the Biograph Vision Quadra 
(Siemens Healthineers) LAFOV PET/CT system. A 360 s 
list-mode (LM) acquisition was utilized for all scans.

Patient characteristics and matched pair 
recruitment

Thirty-one of 933 consecutively scanned patients showed 
elevated blood glucose levels (> 8.0 mmol/l) prior to the 
[18F]FDG injection. Patients were ask to refrain antidiabetic 
medication at least 72 h prior to the PET/CT. A total of 
5/31 patients (16%) had blood glucose levels higher than 
11 mmol/l, while 26/31 (84%) patients had blood glucose 
levels of 8–11 mmol/l. Patients with normal blood glucose 
levels (3.8–8.0 mmol/l) were matched to the group of high 
blood glucose patients with regard to baseline tumor entity, 
age, gender, and body mass index (BMI). Figure 1 shows 
the study flow-chart. Patients’ characteristics showing the 
different tumor features, which were included in the analysis, 
are outlined in Table 1.

Imaging protocol

The PET LM data were adapted using 360 s, 240 s, 120 s, 
and 60 s durations to simulate shorter acquisition times. 
The images were reconstructed using the ultra-high sensi-
tivity mode (UHS, maximum ring difference MRD 322). To 
simulate the statistics and the image quality of a short-axial 
field-of-view PET-system (sSAFOV), the LM data were 
further reconstructed with 120 s and 60 s duration in the 
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high sensitivity mode (HS, MRD 85) as previously described 
[24, 25]. The choice of sSAFOV was based on the coin-
cident yield and sensitivity profile of the Biograph Vision 
Quadra to ensure reliable comparison between a SAFOV and 
LAFOV scanner [25, 26]. These reconstructions were used 
to compare tumor uptake, tumor-to-background ratio (TBR), 
and image quality between a LAFOV and a sSAFOV PET in 
hBG and nBG patients [22].

Image reconstruction was performed using the ven-
dor’s standard reconstruction software (e7-tools, Sie-
mens Healthineers), with OSEM (4 iterations, 5 subsets), 

point-spread-function (PSF), and TOF enabled. Images were 
reconstructed with a 440 × 440 × 644 image matrix with a 
voxel size of 1.65 × 1.65 × 1.65 mm3. A Gaussian post-
reconstruction filter with 2-mm full width at half maximum 
(FWHM) was applied to the images. For attenuation correc-
tion, low-dose non-enhanced CT data were used. 3D scatter 
correction was performed using a 3D residual-based method 
which was especially developed for the MRD 322 [27] both 
for MRD 85 and 322 images [28].

CT scans were performed with equivalent parame-
ters with slice thickness of 1.0 mm, pitch factor 1, bone 

Fig. 1   Study flowchart showing 
patient recruitment and distribu-
tion of blood glucose elevation

Table 1   High blood glucose 
(hBG) and normal blood 
glucose (nBG) patients were 
matched with regard to the 
tumor entity (n = 31 per 
group). Patient cohorts include 
melanoma, lung cancer, 
lymphoma, breast cancer, 
genitourinary cancer (GU), 
head and neck cancer (HNC), 
and gastrointestinal cancer 
(GI). Patients’ characteristics 
(mean ± SD) as age (years), 
body mass index (BMI), 
normalized activities, gender, 
and blood glucose levels 
(mmol/l) are given

Cathegory Subcathegory High blood glucose 
(hBG), n = 31

Normal blood glucose 
(nBG), n = 31

p-value

Tumor Melanoma 10 10 1.00
Lung cancer 9 9
Lymphoma 4 4
Breast cancer 1 1
GU cancer 2 2
HNC 3 3
GI cancer 2 2

Age (years) - 70 ± 9 66 ± 13 0.11
BMI (kg/m2) - 28.22 ± 5.35 26.25 ± 4.53 0.20
Activity (MBq/kg) - 3.01 ± 0.19 3.03 ± 0.07 0.70
Gender Female 11 11 1.00

Male 20 20
Blood glucose (mmol/l) 9.75 ± 1.39 6.08 ± 0.90  < 0.0001
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and soft tissue reconstruction kernels, and maximum of 
120 kV and 90 mAs by applying CARE kV and CARE 
Dose as previously published [22].

Image evaluation

Three nuclear medicine physicians (CM, LW, and TP) per-
formed image evaluation. For image evaluation, appropri-
ate workstation [29] and software for quantitative image 
analysis and identification of target lesion were used 
(Syngo.via, Siemens Healthineers, Erlangen, Germany). 
Tumor-lesion uptake and metabolic tumor volumes were 
calculated by placing a volume-of-interest (VOI) with a 
40%-iso-contour approach around the lesion as previously 
described [22, 30].

Peak and maximum standardized uptake values 
(SUVpeak/max) were used to evaluate target lesion know-
ing that SUVpeak has been shown to be less susceptible 
for variation at different acquisition duration compared 
to SUVmax [31]. Lesions were evaluated at different scan 
times as LM data allowed different reconstructions (HS, 
60 s, 120 s; UHS, 60 s, 120 s, 240 s, 360 s) [22, 32].

The background activity was measured by placing a 10-cm3 
spherical VOI in the right lobe of healthy liver tissue as previ-
ously described [33]. The VOIs were copied to same anatomical 
locations in all different images obtained from different (list-
mode) frame durations within the same patient to ensure that 
mistakes can be minimized. The coefficient of variation (COV) 
for the liver background was defined by the following formula 
where σ was the standard deviation of the liver VOI and μ was 
the SUVmean of the liver VOI [22]. TBR was defined as tumor 
uptake (SUVmax) per liver uptake (SUVmean). Contrast-to-noise 
ratio (CNR) was calculated as previously published [34]. 

Statistical analysis

Statistical analyses were performed using Excel (Micro-
soft, Redmond, Washington) and GraphPad Prism Version 
8 (San Diego, CA) [35]. The data are presented either as 
mean ± standard deviation or as median and range. Quali-
tative comparison between hBG and nBG patients was 
analyzed using Fisher’s exact test, and for quantitative 
measurements (COV, CNR, SUV), were analyzed using 
unpaired Student’s T-test after verification of normal dis-
tribution. Comparison between different reconstructions 

COV = (
�

�
); TBR =

SUVmax (tumor)

SUV mean (liver)
;

CNR =
SUVmean (lesion) − SUVmean (background)

SD (background)

in the same patient were analyzed using paired Student’s 
T-test and Bonferroni-correction was applied. p-val-
ues < 0.05, in cased of Bonferroni-corrections p < 0.001, 
were considered statistically significant.

Results

Overall, 78 nBG and 82 hBG tumor lesions were identi-
fied. The metabolic tumor volume (MTV) and total lesion 
glycolysis (TLG) did not differ significantly between 
both patient groups (median, range; hBG MTV, 0.94 ml, 
0.01–7.45 ml vs. nBG, 1.23 ml, 0.12–18.48 ml; p = 0.06 
and hBG TLG, 7.02 ml, 0.6–749.75 ml vs. nBG, 4.43 ml, 
0.53–181.61 ml; p = 0.24). In the hBG patients, 70 lesions 
(85%) were detected in the subgroup of patients with BG 
8–11 mmol/l and 12 (15%) in the subgroup of patients with 
BG > 11 mmol/l.

Background activity (liver and muscle uptake)

Liver uptake in hBG patients was significantly higher com-
pared to nBG patients (SUVmean, 3.07 ± 0.41 vs. 2.37 ± 0.33; 
p = 0.03) whereas the brain (gray matter) uptake was sig-
nificantly lower in hBG patients compared to nBG patients 
(SUVmax, 7.58 ± 0.74 vs. 13.38 ± 3.94; p < 0.001 and 
SUVpeak, 5.70 ± 0.25 vs. 9.91 ± 3.46; p < 0.001) (Fig. 2A, B).

Muscle uptake was not statistically different between 
the hBG and nBG cohort neither in shoulder nor in glu-
teal muscle (shoulder SUVmax, 1.63 ± 0.47 vs. 2.09 ± 0.26; 
p = 0.91 and gluteal SUVmax, 1.47 ± 0.18 vs. 1.45 ± 0.12; 
p = 0.33) (Fig. 2C, D).

Tumor uptake in hBG and nBG patients

In all reconstructions (HS 60 s, HS 120 s, UHS 60 s, UHS 
120 s, UHS 240 s, and UHS 360 s), hBG patients had 
slightly, but still significantly lower tumor uptake com-
pared to the matched-pair equivalent with nBG (SUVmax 
hBG, 11.05 ± 2.29 vs. nBG, 12.83 ± 5.35; p < 0.001; 
SUVpeak hBG, 6.36 ± 2.16 vs. nBG, 8.85 ± 5.03; p < 0.001). 
TBR between hBG and nBG reconstructions was consec-
utively significantly lower in hBG patients (TBR hBG, 
3.48 ± 0.74 vs. nBG, 5.29 ± 1.48; p < 0.001) (Fig. 3).

The results were confirmed in the subgroup analysis. 
Tumor uptake was lower in both subgroups compared to 
the nBG patients. Consecutively, TBR was significantly 
lower in both subgroups compared to nBG patients (TBR 
BG, 8–11  mmol/l, 3.88 ± 3.24 vs. nBG, 4.73 ± 3.87; 
p < 0.0001 and BG > 11 mmol/l, 4.11 ± 0.89 vs. nBG, 
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5.25 ± 1.42; p < 0.0001). Detailed visualization of the 
subgroup results can be found in the Supplementary 
Material.

Background noise (COV) and image quality (CNR)

In order to compare background noise, liver COV in 
the hBG and nBG group was determined. We found no 
statistical difference between the COV of each recon-
struction comparing hBG vs. nBG patients (COV hBG, 
0.09 ± 0.39 vs. nBG, 0.10 ± 1.23; p = 0.10) (Fig. 4). COV 
decreased with acquisition time as with lowest COV after 
360  s acquisition in UHS mode (hBG, 0.07 ± 0.37 vs. 
nBG, 0.07 ± 0.86; p = 0.16). All obtained reconstructions 
showed comparable COV in situations of high and normal 
blood glucose.

With regard to CNR, we noted that CNR behaved simi-
lar to the tumor uptake and was significantly higher in nBG 
compared to hBG comparing corresponding reconstruc-
tions (CNR hBG, 12.17 ± 4.86 vs. nBG, 23.31 ± 12.22; 
p < 0.001) (Fig.  5A). However, CNR in nBG patients 

receiving sSAFOV (HS 120 s, Fig. 5A (green)) and hBG 
patients receiving LAFOV (UHS 360 s, Fig. 5B (red)) 
was similar (sSAFOV nBG, 17.79 ± 9.3 vs. LAFOV hBG, 
19.84 ± 8.4; p = 0.08).

Subgroup analysis with regard to tumor uptake 
and image quality

Subgroup analysis of patients with hBG 8–11  mmol/l 
revealed no statistical difference in comparison of hBG 
LAFOV (UHS 360 s) vs. nBG sSAFOV (HS 120 s) recon-
structions neither in TBR nor in CNR (TBR hBG LAFOV, 
3.70 ± 3.12 vs. nBG sSAFOV, 4.86 ± 3.95; p = 0.06 and 
CNR hBG LAFOV, 20.59 ± 31.92 vs. nBG sSAFOV, 
13.10 ± 16.34; p = 0.09). This finding was consistent with 
the overall analysis, which did not reveal statistical differ-
ences between the CNR of hBG LAFOV and nBG sSAFOV 
scans (p = 0.08) (Fig. 6).

In patients with hBG > 11 mmol/l, we found different 
results. The TBR was significantly lower in hBG LAFOV 
compared to nBG sSAFOV (TBR hBG LAFOV, 3.8 ± 0.9 vs. 

Fig. 2   Background uptake 
visualized with box plots in 
patients with high (hBG) and 
normal blood glucose (nBG). 
Shown are standardized uptake 
value (SUVmean) of liver uptake 
(A), SUVmax of brain (gray 
matter, B), and muscle uptake 
(shoulder, C; gluteal, D). Statis-
tically significant differences are 
highlighted with an asterisk “*”; 
ns, not statistically significant
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nBG sSAFOV, 5.32 ± 1.41; p = 0.03), whereas the CNR was 
not different in the hBG 8–11 mmol/l group between hBG 
LAFOV compared to nBG sSAFOV (CNR hBG LAFOV, 
20.6 ± 8.4 vs. nBG sSAFOV, 17.10 ± 9.15; p = 0.46) (Fig. 6). 
An example image of hBG patients shows that CNR is sig-
nificantly higher in LAFOV compared to sSAFOV (Fig. 7).

Discussion

The rising prevalence of pre-diabetic and diabetic patients 
results in an increasing portion of patients with elevated 
blood glucose levels despite fasting 6 h prior to the [18F]
FDG injection [8]. As described above, hBG leads to altered 
[18F]FDG uptake in both healthy tissue and neoplasms, 
resulting in a generally reduced image quality. The recently 

introduced LAFOV PET/CT scanners enable performing 
scans with higher sensitivity and lower noise as well as 
higher lesion conspicuity [22, 24, 36]. We present the first 
matched pair analysis including patients with hBG and nBG 
comparing the background, liver, tumor uptake, and image 
quality on LAFOV and sSAFOV PET/CT.

Our results are in keeping with previous reports on [18F]
FDG bio-distribution. We found that liver uptake (SUVmean) 
was significantly higher in hBG patients compared to nBG 
patients. That was consistent with the findings of Lindholm 
et al. who report a significant correlation between increased 
BG levels and liver uptake using SUVmean (correlation coef-
ficient, 0.12; p < 0.001) [13]. Furthermore, Büsing et al. 
report a negative correlation between patients with hBG and 
nBG in brain uptake (Pearson coefficient, − 0.44; p < 0.01); 
this is congruous with our findings as we found significantly 

Fig. 3   Tumor uptake visualized with violin plots in patients with high (hBG) and normal blood glucose (nBG) (A–C). Shown are standardized 
uptake values (SUVmax/peak) and tumor to background ratios (TBR). Statistically significant differences are highlighted with an asterisk “*”
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decreased brain uptake in the cohort of hBG patients. This 
effect of elevated BG in [18F]FDG PET/CT resulted in the 
recommendation of an upper BG limit of 8.9 mmol/l for 
[18F]FDG brain imaging (e.g., dementia, epilepsy) [14, 15].

Our cohort showed no significant difference in mus-
cle uptake (neither deltoid nor gluteal) in hBG and nBG 
patients. Thus, we found a tendency toward increased uptake 
in the gluteal muscle in hBG patients, but not statistically 
significant (SUVmax, 1.47 ± 0.18 vs. 1.45 ± 0.12; p = 0.33). 
Previous publications report discrepant results. Lindholm 
et al. and Büsing et al. showed a weak positive correla-
tion between BG levels and muscular [18F]FDG uptake, 

whereas Eskin et al. report different findings. Muscular 
SUVmax was inversely correlated with increasing BG and 
SUVmean showed no significant correlation to serum BG [3]. 
Accordingly, Webb et al. found no significant difference in 
muscle uptake between patients with nBG and hBG [37]. 
As possible confounders, gender, age, BMI, diabetes, [18F]
FDG dose, and scan time were identified. We tried to avoid 
those inconsistencies using a matched pair study design and 
matching with regard to tumor entity, gender, age, and BMI. 
Still, we noticed that patients with hBG had higher BMI in 
our cohort compared with nBG patients (28.22 ± 5.35 kg/m2 
vs. 26.25 ± 4.53 kg/m2) [38].

Our cohort of hBG patients showed significantly lower 
tumor uptake compared to the nBG cohort over all recon-
structions and consecutively significantly lower TBR. Sub-
group findings were consistent with overall findings. These 
findings are perfectly in line with the literature. The majority 
of publications show that tumor [18F]FDG uptake decreases 
with increasing serum BG [3, 14, 37]. Moreover, significant 
TBR reduction is the consequence of decreased tumor and 
increased liver uptake. That is the reason why SNMMI and 
EANM guidelines suggest to reschedule [18F]FDG PET/CT 
in cases of elevated serum BG [9, 10].

Rescheduling the PET/CT examination leads to 
increased cost for the healthcare system, inconvenience 
for the patients, and can result in an unnecessary delay 
of the tumor staging which may affect the therapy of the 
patient [3]. Therefore, it is important, especially for onco-
logic patients to avoid unnecessary delay of the PET/CT. 
We tried to address this problem by analyzing the image 
quality of [18F]FDG on a LAFOV compared to a (simu-
lated) SAFOV scanner in cases of high blood glucose. sSA-
FOV scan parameters were determined by the performance 

Fig. 4   Background noise of the liver visualized with violin plots in 
patients with high (hBG) and normal blood glucose (nBG). Shown is 
the coefficient of variation (COV) in liver tissue. Brackets summarize 
the comparison between each reconstruction in hBG and nBG and 
indicate that differences were not statistically significant (ns) between 
all corresponding reconstructions

Fig. 5   Image quality of all reconstructions between high (hBG) and 
normal blood glucose patients (nBG). Visualized are contrast to noise 
ratios (CNR) in all reconstructions (A). B Chosen reconstructions for 
comparison UHS 360 s for LAFOV PET and HS 120 s for sSAFOV 
PET. Statistically significant differences are highlighted with an aster-

isk “*”; ns, not statistically significant. Brackets summarize the com-
parison between each reconstruction in hBG and nBG and indicate 
that differences were significant between all corresponding recon-
structions
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characteristics of the Biograph Vision Quadra PET-system. 
Prenosil et al. reported by evaluating the performance char-
acteristics of the Biograph Vision Quadra according to the 
National Electrical Manufacturers Association NU 2–2018 
(NEMA) standard increased sensitivity and noise equivalent 
count rates (NECR), which were by 5 and 10 times higher 
compared to a SAFOV system (Biograph Vision 600) in 
MRD 85 and MRD 322 mode, respectively [25]. Further 
publication with patient data showed that a scan with an 
acquisition time of 120 s in MRD 85 was equivalent com-
paring to a the mentioned SAFOV system [22]. Moreover, 
further increase in sensitivity and NECRs was reported 
with the use of the LAFOV PET/CT’s full acceptance angle 
(MRD 322) resulting in the possibility to reduce acquisi-
tion times and injected doses even further compared to the 
SAFOV system [24].

In the present work, we showed that the tumor uptake 
and TBR decrease with increasing BG on a LAFOV scan-
ner, which is consistent to the published data. Accordingly, 
overall CNR was significantly lower in hBG compared to 
nBG patients. However, background noise was not signifi-
cantly different between hBG and nBG patients. Moreover, 
and most importantly, hBG patients receiving LAFOV PET/
CT showed comparable image quality (p = 0.08) as measured 
by CNR as that of matched nBG patients receiving sSAFOV 
reconstructions (Fig. 6).

Subgroup analysis revealed that tumor uptake differed 
only significantly in LAFOV compared to sSAFOV in 
patients with BG levels > 11 mmol/l. In patients with 
BG 8.0–11.0 mmol/l, no statistical significant difference 
was found between LAFOV and sSAFOV PET. Our data 
regarding the tumor uptake are in agreement with so far 
published findings and guideline recommendation. Eskian 
et al. found that only the group with BG > 11.1 mmol/l 
(Eq. 200 mg/dl) had significantly lower SUV compared 
to euglycemic patients and EANM guideline states 
that [18F]FDG PET/CT can be performed for clinical 
studies if plasma glucose is lower than 11 mmol/l [3, 9]. 
Furthermore, Boellaard et al. acknowledge that elevated 
BG can occur in situations of poorly controlled diabetes 
or can be associated with infection. Therefore, they argue 
that hyperglycaemia should not represent an absolute 
contraindication [9].

In our cohort, LAFOV PET/CT was able to obtain 
PET-image quality in  situations with elevated (BG, 
8–11 mmol/l) or highly elevated (> 11 mmol/l) BG com-
pared to nBG patients scanned with SAFOV PET/CT 
(Fig. 6). An example of a subtle liver metastasis in a female 
patient with hBG shows how the image quality (CNR) 
improves significantly in LAFOV PET/CT compared to 
sSAFOV PET/CT (Fig. 7). We therefore argue that higher 
sensitivity and lower background noise in LAFOV PET/CT 
can compensate to some degree the altered bio-distribution 

Fig. 6   Tumor uptake und image quality in comparison of long-axial 
field-of-view (LAFOV) high blood glucose (hBG, A) and simulated 
short-axial field-of-view (sSAFOV) normal blood glucose (nBG, B) 
patients. Box plots (C, D) show the subgroup with BG 8–11 mmol/l 
and (E, F) BG > 11  mmol/l. Statistically significant differences are 
highlighted with an asterisk “*”; ns, not statistically significant
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of [18F]FDG in oncologic patients with elevated blood 
glucose. Nevertheless, SUV measurements in cases of 
elevated BG should be used carefully when comparison 
with follow-up PET-imaging is required. Patient reports 
should particularly mention this limitation to draw clini-
cians’ attention to the hBG PET-examination.

Furthermore, we note several limitations of our study. 
First, the matched-pair study design introduced some 
selection bias. We tried to address all necessary onco-
logical features of each patient to adjust the cohorts as 
best as possible. Moreover, we matched each patient 
according to age, gender, and BMI. A prospective, pref-
erably head-to-head study design would have avoided 
this bias. However, due to the retrospective nature of the 
study, a head-to-head evaluation was not possible, which 
would have required two independent scans on two dif-
ferent days leading to further delay of the oncological 
treatment. Secondly, we could not compare LAFOV with 
SAFOV PET/CT directly. Instead, we used reconstruc-
tions simulating SAFOV PET/CT [22, 24]. However, 
using sSAFOV enabled to perform an intra-individual 
comparison of all reconstructions and avoided further 
bias. Lastly, the matched-pair cohort was limited to a 
relatively small number of patients, which resulted from 
only 3.32% of investigated patients meeting the inclusion 
criteria. Many of our PET/CT examinations were delayed 

due to high BG levels. Nevertheless, possible non-[18F]
FDG-avid lesions might have been missed, especially 
in situations of hBG patients.

With the limitations in mind, our data suggest that the 
higher sensitivity of LAFOV may compensate for the reduced 
CNR in cases of elevated blood glucose, and that in border-
line clinical circumstances, rescheduling the study or maneu-
vres to reduced blood glucose levels may not be necessary.

Conclusion

In a matched-pair analysis of patients with elevated blood 
glucose levels (> 8 mmol/l) and patients with normal blood 
glucose prior to examination with [18F]FDG PET/CT on a 
long axial field-of-view scanner, we found decreasing brain 
uptake, increasing background activity (e.g., liver uptake), 
and decreasing tumor uptake. However, we showed that 
LAFOV PET/CT could compensate to some degree the 
altered bio-distribution in hBG patients using a higher sen-
sitivity profile and a lower noise rate compared to SAFOV 
PET/CT.

We, therefore, argue that using a LAFOV PET/CT might 
be advantageous in patients with high BG levels when 
decisions to delay imaging would lead to increased costs, 

Fig. 7   Example SUV image of a 46  year/o female patient referred 
to our PET/CT center for restaging of endometrial cancer. Prior 
to the [18F]FDG scan, elevated blood glucose was elevated (BG, 
9.4  mmol/l). In this study, a new liver metastasis was detected 
(marked with a red arrow). Shown are maximum intensity projections 

(A, B) and axial images (C, D) of long-axial field-of-view (LAFOV, 
A, C) and simulated short-axial field-of view (sSAFOV (B, D)) PET-
reconstructions. Of note, contrast-to-noise ratio (CNR) of the liver 
lesion was significantly higher in the LAFOV compared to sSAFOV 
images. Scale bars indicate the SUV window used for this patient
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inconvenience for the patient, and delay in oncological treat-
ment. In such cases, especially if BG is ≥ 11 mmol/l, we 
recommend performing [18F]FDG LAFOV PET/CT imaging 
with longer acquisition duration whenever possible.
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