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Abstract
In May 2018, the Biograph Vision PET/CT system was installed at the University 
Medical Center Groningen. This study evaluated the initial experiences with this new 
PET/CT system in terms of perceived image quality and semiquantitative analysis in 
comparison to the Biograph mCT as a reference. 
Methods In total, 20 oncologic patients were enrolled and received a single 3 MBq/
kg injected dose of 18F-FDG followed by a dual-imaging PET scan. Ten patients 
were scanned on the Biograph mCT first, whereas the other 10 patients were scanned 
on the Biograph Vision first. The locally preferred clinically reconstructed images 
were blindly reviewed by 3 nuclear medicine physicians and scored (using a Likert 
scale of 1-5) on tumor lesion demarcation, overall image quality, and image noise. In 
addition, these clinically reconstructed images were used for semiquantitative analysis 
by measurement of SUVs in tumor lesions. Images acquired using reconstructions 
conform with the European Association of Nuclear Medicine Research Ltd. (EARL) 
specifications were also used for measurements of SUV in tumor lesions and healthy 
tissues for comparison between systems.
Results The 18F-FDG dose received by the 14 men and 6 women (age range, 36-
84; mean ± SD, 61 ± 16 y) ranged from 145 to 405 MBq (mean ± SD, 268 ± 59.3). 
Images acquired on the Biograph Vision were scored significantly higher on tumor 
lesion demarcation, overall image quality, and image noise than images acquired on 
the Biograph mCT (P < 0.001). The overall interreader agreement showed a Fleiss 
κ of 0.61 (95% confidence interval, 0.53-0.70). Furthermore, the SUVs in tumor 
lesions and healthy tissues agreed well (within 95%) between PET/CT systems, 
particularly when EARL-compliant reconstructions were used on both systems. 
Conclusion In this initial study, the Biograph Vision showed improved image quality 
compared with the Biograph mCT in terms of lesion demarcation, overall image 
quality, and visually assessed signal-to-noise ratio. The 2 systems are comparable 
in semiquantitatively assessed image biomarkers in both healthy tissues and tumor 
lesions. Improved quantitative performance may, however, be feasible using the 
clinically optimized reconstruction settings. 

Introduction
PET integrated with CT is a standard of care used in oncology (1-3) and many other 
indications, such as infectious diseases, cardiology, and neurology. In oncology, 
PET/CT is a commonly used and rapidly evolving technique for, among others, 
differentiation between benign and malignant tumors, cancer staging, primary tumor 
definition, therapy prediction and guidance, and radiation therapy planning (1,3).
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Improvements in PET instrumentation over the years include the use of fast lutetium 
oxyorthosilicate crystals permitting shorter coincidence timing windows (4,5), new 
reconstruction methods with time-of-flight (ToF) application (5-9) for improved 
image signal-to-noise ratio, and expansion of the axial field-of-view for increased 
volume sensitivity and axial coverage (9). Recently, silicon photomultiplier (SiPM)-
based detectors emerged, offering several advantages over photomultiplier tubes such 
as more compact size, higher intrinsic time resolution, and higher photon detection 
efficiency, making them favorable for coupling with ToF reconstruction (10,11).
The most commonly used PET radiotracer at present is 18F-FDG, a glucose analog, 
for which accumulation in tissue is proportional to glucose utilization (1). Based on 
increased glucose uptake and glycolysis of specific tumors, 18F-FDG PET/CT has 
been proven to be essential in detecting cancer, staging it, planning its therapy, and 
evaluating the response (12-16).
In May 2018, the first SiPM-based Biograph Vision PET/CT system (Siemens 
Healthineers) was installed at the Department of Nuclear Medicine and Molecular 
Imaging at the University Medical Center Groningen. The 3.2-mm crystal size 
allows for a high system spatial resolution, and full coverage of the small crystals 
by the SiPM detector elements optimizes light collection, enabling improved timing 
resolution and signal-to-noise ratio (17).
The main purpose of this study was to evaluate initial clinical experiences and to 
explore whether the system yields improved image quality and diagnostic performance 
(i.e., lesion demarcation, overall image quality, and visually assessed signal-to-noise 
ratio) in comparison with its predecessor, the Biograph mCT (Siemens Healthineers). 
Therefore, a comparison between whole body 18F-FDG clinical images obtained on 
the Biograph Vision and the Biograph mCT -both being systems of the same vendor- 
has been explored both visually and semiquantitatively.

Materials and methods
Patient population
Between June and August 2018, 20 patients who were referred to the Department 
of Nuclear Medicine and Molecular Imaging for oncologic clinical PET/CT were 
enrolled in this prospective study. 
Patients with a glucose level equal to or over 198 mg/dL before 18F-FDG injection 
were excluded, as were pregnant women and patients unable to lie still for the 
duration of the examination.
The local medical ethics review board of the University Medical Center Groningen 
waived the need for formal ethical review (waiver number METc2017/489) on 
review of the study protocol. In addition, patients were informed about the study 
aims, procedures, and the need to acquire an additional low-dose CT scan (~1 mSv) 
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and gave written informed consent to participate.

Imaging protocol
All patients received a single intravenous injection of a weight-based dose of 18F-FDG 
(3 MBq/kg, according to European Association of Nuclear Medicine guidelines) (18) 
and then underwent a dual-imaging PET protocol, including a PET/CT scan on the 
Biograph Vision and a PET/CT scan on the Biograph mCT. Ten patients first underwent 
acquisition on the Biograph mCT at 60 min after injection, followed immediately by 
image acquisition using the Biograph Vision at approximately 90 min after injection. 
In the other 10 patients, the order was switched to control for increased radiotracer 
uptake in the tumor over time, possibly influencing image quality. Since the PET/
CT systems at the Department of Nuclear Medicine and Molecular Imaging at the 
University Medical Center Groningen are accredited for 18F-FDG PET/CT imaging 
by the European Association of Nuclear Medicine Research Ltd. (EARL), the EARL 
imaging protocol is followed strictly. This protocol recommends that the scan start 
at 60 min after injection (1,19). Second scans were done immediately after the first; 
therefore, 18F-FDG uptake time and interval between scans were comparable for all 
20 patients.
Patients were instructed to fast and avoid strenuous exercise for at least 4-6 h before 
the 18F-FDG injection. At the time of injection, blood glucose levels were no more 
than 198 mg/dL. A standard low dose CT scan was obtained from the vertex to 
the mid-thighs and used for attenuation correction. On the Biograph Vision, the 
parameters were an x-ray tube current of 43 mAs, a tube voltage of 100 kV, and 
a spiral pitch factor of 1. On the 40- and 64-slice Biograph mCT, the respective 
parameters were an x-ray tube current of 103 and 99 mAs, a tube voltage of 140 
and 140 kV, and a spiral pitch factor of 1 and 1.5. Afterward, an emission PET scan 
was acquired at 3 min per bed position in listmode. All scans were acquired during 
normal breathing without respiratory motion gating or correction.
Images acquired on the Biograph Vision were reconstructed using the vendor-
recommended, clinically most relevant reconstruction protocol -that is, an ordinary 
Poisson ordered-subset expectation maximization (OP-OSEM) 3-dimensional 
(3D) iterative algorithm (20) with 4 iterations and 5 subsets, with application of 
ToF, resolution modeling, and no filtering. The resulting PET images had an image 
matrix of 440 x 440 with a voxel size of 1.6 x 1.6 x 1.5 mm. Images acquired on the 
Biograph mCT were reconstructed using the locally preferred clinical reconstruction 
protocol: 3D ToF OP-OSEM with 3 iterations, 21 subsets, and resolution modeling. 
A Gaussian filter of 5 mm was applied to the reconstructed images, and the resulting
image matrix was 400 x 400 with a voxel size of 2 x 2 x 2 mm. In addition, EARL 
reconstructions (1,19) were obtained for both the Biograph Vision and the Biograph 
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mCT. Images acquired on the Biograph Vision were reconstructed to comply with 
EARL using 3D ToF OP-OSEM with 4 iterations and 5 subsets, with application of 
resolution modeling and a Gaussian filter of 7 mm. The resulting image matrix was 
440 x 440 with a voxel size of 1.6 x 1.6 x 1.5 mm. The EARL reconstruction for 
images obtained from the Biograph mCT used 3D ToF OP-OSEM with 3 iterations 
and 21 subsets, resolution modeling, and a Gaussian filter of 6.5 mm, for a resulting 
image matrix of 256 x 256 with a voxel size of 3.2 x 3.2 x 2 mm.

Qualitative image analysis
The acquired images were independently reviewed and analyzed using a dedicated 
Syngo.via VB30 workstation (Siemens Healthineers). All PET images acquired 
from the recommended clinical reconstruction protocols were blindly evaluated by 
3 experienced nuclear medicine physicians (with 15, 5, and 10 y of experience in 
interpreting PET scans). The readers were not aware of the clinical indication for the 
PET/CT exam.
Readers were allowed to manually adjust the standard window settings. Subsequently,
they assessed the following quality criteria based on 5-point Likert scales: tumor 
lesion demarcation (ranging from 1 [lesion cannot be confirmed] to 5 [excellent 
lesion margin demarcation]), overall image quality (ranging from 1 [poor overall 
image quality] to 5 [excellent overall image quality]), and image noise (ranging from 
1 [enormous image noise] to 5 [no perceivable image noise]) (10,21). In addition, 
per clinically recommended reconstruction, the number of suggestive 18F-FDG-avid 
lesions was counted. 
In cases of large assessment differences between readers, the specific images were 
discussed in a consensus meeting.

Semiquantitative image analysis
Semiquantitative analyses were performed using the quAntitative onCology 
moleCUlaR Analysis suiTE (ACCURATE) (22). Using the EARL-reconstructed 
images, 0.5-mL spheric volumes of interest were placed in healthy tissues (aortic 
arch, semioval center [white matter], lung, left ventricle of the heart, parotid gland, 
quadriceps femoris muscle, spleen). From these volumes of interest, SUVmax, 
SUVpeak, and SUVmean were obtained. In addition, using the EARL-reconstructed 
images and the locally preferred clinical reconstructed images, volumes of interest 
were placed in the different lesions per patient (with an overall maximum of 5 lesions
per patient and a maximum of 2 in the same tissue type). For reference-tissue purposes, 
a 3-mL spheric volume of interest was placed in the liver. From these measurements, 
the SUVmax, SUVpeak, and SUVmean were compared between systems.
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Statistical analysis
Statistical analysis was performed with SPSS Statistics, version 25.0 (IBM Corp.). 
Scoring of the images acquired on the 2 PET/CT systems was compared pairwise 
using a 2-tailed paired-samples t test. For interreader agreement on tumor lesion 
demarcation, overall image quality, and image noise, the original 5-point scores 
were reassigned to 3-point scores (1 + 2 became 1, 3 became 2, and 4 + 5 became 
3). Interreader agreement was subsequently evaluated using the k statistic. Bland-
Altman plot analysis was performed to assess the agreement regarding SUVmax, 
SUVpeak, and SUVmean obtained in healthy tissues and in lesions between the 2 
systems. Subsequently, equivalence tests were done on each of the healthy tissues 
and on the tumor lesions to quantify agreement on SUV between the systems. 
Furthermore, using partial correlation, the relation between SUV and the interval 
between scans was evaluated.

Results
In total, 20 oncologic patients (14 men and 6 women; age range, 36-84; mean ± SD, 
61 ± 16 y) were enrolled in the study. To simulate the actual clinical experience, 
different cancer types were included. Table 1 shows relevant demographic and 
clinical information. The injected 18F-FDG dose ranged from 145 to 405 MBq (mean 
± SD, 268 ± 59.4 MBq). All patients had a blood glucose level of no more than 
198 mg/dL before dose administration. To control for the possibility that increased 
18F-FDG tumor uptake over time might influence image quality, the first 10 patients 
were scanned on the Biograph mCT first, whereas the other 10 patients were scanned 
on the Biograph Vision first. The interval between the start of the first and second 
scans ranged from 24 to 60 min (mean ± SD, 37 ± 7.7 min).

Qualitative image quality
The average scores of the 3 readers for the Biograph mCT images versus the Biograph 
Vision images were 3.3 ± 1.0 versus 4.3 ± 0.80 for lesion demarcation, 3.4 ± 0.90 
versus 4.3 ± 0.80 for overall image quality, and 3.4 ± 0.70 versus 3.9 ± 0.70 for image 
noise. Images acquired on the Biograph Vision were scored significantly higher on 
tumor lesion demarcation (median 5), overall image quality (median 4), and image 
noise (median 4) than images acquired on the Biograph mCT (medians of 3, 3, and 
3, respectively; P < 0.01). The overall interreader agreement showed a Fleiss κ of 
0.61 (95% confidence interval, 0.53-0.70). Example images of patients of standard 
weight (91 and 101 kg) are shown in Figures 1 and 2. Supplemental Figures 1 and 
2 show images of a lighter-weight (53 kg) and a heavier-weight (139 kg) patient, 
respectively (supplemental materials are available at http://jnm.snmjournals.org).
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Table 1 Demographic and clinical data of all study participants.

Figure 1 Transaxial CT, fused PET/CT, PET, and maximum intensity projection PET images (from left 
to right) acquired on the Biograph Vision (top) and the Biograph mCT (bottom) for an 84-y-old male 
(weight, 91 kg) with metastasized non-small cell lung carcinoma. Position of the transaxial slice is 
indicated on the maximum intensity projection images (dashed line).
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In 7 of the 20 patients, one or more 18F-FDG-avid lesions not seen on the Biograph 
mCT images were identified on the Biograph Vision images. These additional lesions 
all measured below 0.75 cm in diameter and were located in areas with significant 
motion, such as the lungs and near the diaphragm. Figures 3 and 4 show examples of 
the additional lesions found on the Biograph Vision images.

Semiquantitative image quality
The results of the equivalence tests of SUV in healthy tissue matched per patient 
are presented in Table 2. The SUVs in tumor lesions and healthy tissues agreed well
between the 2 PET/CT systems when EARL-compliant reconstructions were used. 
Bland-Altman plots displaying agreement in SUVmax in normal tissues between the 2 
systems are shown in Supplemental Figure 3. The results of the equivalence tests for 
SUVmax, SUVpeak, and SUVmean in tumor lesions are presented in Table 3; there was 
no significant difference between the 2 systems. Agreement in tumor lesion SUVmax, 
SUVpeak, and SUVmean between the 2 systems is shown in Bland-Altman plots in 
Figure 5. Scatterplots of lesion SUVs from images obtained on the 2 systems are 
displayed in Supplemental Figure 4. SUVmax, SUVpeak, and SUVmean distributions 
between EARL-compliant and clinically reconstructed images acquired on the 2 
systems are shown in boxplots in Figure 6. 
Partial correlation testing showed no significant correlation between normal-tissue 

Figure 2 Transaxial CT, PET/CT, PET, and maximum intensity projection PET images (from left to 
right) acquired on the Biograph Vision (top) and the Biograph mCT (bottom) for a 66-y-old female 
(weight, 101 kg) with metastasized thyroid cancer. Position of the transaxial slice is indicated on the 
maximum intensity projection images (dashed line).
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Figure 3 Transaxial CT, PET/CT, PET, and maximum intensity projection PET images (from left to 
right) acquired on the Biograph Vision (top) and the Biograph mCT (bottom) for a 59-y-old male 
(weight, 106 kg) with metastasized esophageal cancer. Position of the transaxial slice is indicated on 
the maximum intensity projection images (dashed line). Arrows indicate a small lesion found on the 
Biograph Vision images that did not appear as such on the Biograph mCT images.

SUVmax, SUVpeak, or SUVmean and the interval between imaging on the 2 systems, 
nor was there a correlation between lesion SUVmax, SUVpeak, or SUVmean and the 
interval.
Furthermore, SUVs of additional lesions found on the Biograph Vision images were 
compared with SUVs obtained from the Biograph mCT images. SUVmax ranged from 
4.5 to 34.5 (median, 7.5) for the Biograph Vision and from 2.1 to 8.7 (median, 2.9) 
for the Biograph mCT. SUVpeak and SUVmean were similar between the 2 systems.

Discussion
This study evaluated initial experiences with the Biograph Vision and found that 
it outperforms its predecessor, the Biograph mCT, in terms of visually assessed 
image quality, tumor lesion demarcation, overall image quality, and signal-to-noise 
ratio. Semiquantitative analyses showed both systems to be comparable in assessing 
biomarkers in both healthy tissues and tumor lesions. Furthermore, in 7 of 20 
patients, one or more 18F-FDG-avid lesions not found on the Biograph mCT images 
were identified on the Biograph Vision images, a result that could have important 
clinical consequences.
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Figure 4 Transaxial CT, PET/CT, PET, and maximum intensity projection PET images (from left to 
right) acquired on the Biograph Vision (top) and the Biograph mCT (bottom) for a 36-y-old male 
(weight, 69 kg) with sarcoidosis. Position of the transaxial slice is indicated on the maximum intensity 
projection images (dashed line). Arrows indicate a small lesion found on the Biograph Vision images 
that did not appear as such on the Biograph mCT images.

Table 2 Difference in SUVs in healthy organ tissues.
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Table 3 Difference in SUVs in tumor lesions.

Figure 5 (A) Bland-Altman 
plot of Biograph mCT and 
Biograph Vision SUVmax 
lesion differences using 
EARL-compliant image 
reconstructions (SUVmax 
on Biograph mCT minus 
SUVmax on Biograph Vision) 
against mean SUVmax 
(mean SUVmax between 
systems) (C) Bland-Altman 
plot of SUVpeak lesion 
differences against mean 
SUVpeak. (E) Bland-Altman 
plot of SUVmean lesion 
differences against mean 
SUVmean. Mean difference 
is illustrated by the solid 
line, upper and lower limits 
of agreement are shown by 
dashed lines. Measurements 
performed on the Biograph 
mCT first and Biograph 
Vision first are illustrated 
with black and grey dots, 
respectively. For direct 
comparison with lesion SUV 
differences obtained from 
locally preferred clinically 
reconstructed images, see 
the plots in B, D, and F.

Recent technical developments in PET instrumentation have likely contributed to 
the improved quality observed in images acquired on the Biograph Vision (23). 
The introduction of SiPM detectors in commercially available PET/CT systems is 
of clinical importance because of the potential advantages of this new technology. 
SiPM-based photodetectors are characterized by superior timing resolution, enabling 
improved ToF estimation (24), and efficient photon detection.
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Figure 6 Boxplots showing SUVmax (dark gray), SUVpeak (light gray), and SUVmean (white) distributions 
between EARL-compliant and locally preferred clinically reconstructed images acquired on the 
Biograph mCT and the Biograph Vision. Dots represent outliers; diamonds represent extreme outliers. 
For clarity, the y-axis was set from 0 to 80; consequently, a few outliers are not visible (but can be found 
in the Bland-Altman plots in Fig. 5).

The performance characteristics of the most recently developed SiPM-based PET/
CT system, the Biograph Vision, were evaluated and published recently by our group 
(25). Spatial resolution, sensitivity, count rate performance, accuracy of attenuation 
and scatter correction, ToF performance, and image quality were evaluated according 
to the National Electrical Manufacturers Association (NEMA) NU-2 2012 and 
NEMA NU-2 2018 standards, showing improved performance with regard to its 
predecessor, the Biograph mCT (25). Of all the current commercially available PET/
CT systems, the Biograph Vision also outperforms other SiPM-based systems. For 
instance, it has a timing resolution of 210 ps, compared with 310 ps for the Vereos 
(Philips Healthcare) (26) and 375 ps for the Discovery MI (GE Healthcare) (3). 
The sensitivity of the Biograph Vision has also improved with regard to the other 
available SiPM-based systems, at 16.4 kcps/MBq for the Biograph Vision as opposed 
to 5.2 kcps/MBq for the Vereos and 13.7 kcps/MBq for the Discovery MI.
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The benefits of higher sensitivity and improved ToF resolution are a higher signal-to-
noise ratio (especially for heavy patients), higher overall image quality, higher lesion 
detectability, and more accurate image quantification (24). Three of these categories 
have been qualitatively assessed in this study to see whether theoretic and expected 
improvement in image quality also translates to an improved perceived image 
quality in clinical practice. The Biograph Vision scored significantly higher than the 
Biograph mCT on lesion demarcation, overall image quality, and image noise. 
With regard to the semiquantitative measurements, good agreement in SUV in tumor 
lesions and in healthy tissues was seen between the Biograph Vision and the Biograph 
mCT when EARL-compliant reconstructions were used, as well as when the locally 
preferred clinical image reconstructions were used. Because of the balanced order in 
which the dual scans were performed (10 patients being scanned first on the Biograph 
mCT and the other 10 being scanned first on the Biograph Vision) and because the 
EARL guidelines for tumor imaging were followed, the interval between the 2 scans 
had no significant influence on the normal tissue or lesion SUVs. When the locally 
preferred clinical reconstruction settings are used on the Biograph Vision, the higher 
spatial resolution of the system and the use of smaller voxel sizes result in less of 
a partial-volume effect; a higher contrast recovery is obtained, resulting in a slight 
increase in SUVmax (not significant, however [Figs. 5 and 6; Table 3]). Moreover, the 
SUVs from the locally preferred clinical reconstructed images were higher, overall, 
than those from the EARL-compliant images (Fig. 5). The occasional increase in 
SUVmax in the locally preferred clinical reconstructed images of Figure 5 can be 
explained by the characteristics of the lesions. If the SUVmax is already high (>10) on 
Biograph mCT images, it will be even higher on Biograph Vision images (because of 
its higher spatial resolution and smaller voxel size).
The perceived improvement in image quality with the Biograph Vision resulted in 
identification of one or more additional 18F-FDG-avid lesions in 7 of 20 patients. 
The additional lesions were all below 0.75 cm in diameter and were located in areas 
with significant motion, such as the lungs and near the diaphragm. In 1 patient, an 
additional lesion that was found resulted in upstaging of the disease. In none of 
the patients therapy was altered, since the additional lesions were near the primary 
tumor or numerous other small metastases were already considered. However, this 
study had only a small sample size. Nevertheless, these initial findings suggest that 
the Biograph Vision would be beneficial for detecting small lesions that could have a 
clinical impact, such as by changing the disease stage or leading to a different choice 
of therapy.
Because we believe that comparisons between the 2 systems would be more valid 
if the groups of oncologic disease were more homogeneous, future such studies are 
warranted to more deeply explore lesion quantification.
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Conclusion
In this initial study, we found that perceived image quality is better with the Biograph 
Vision than the Biograph mCT: tumor lesions were more sharply demarcated, 
image quality higher, and signal-to-noise ratio better. Regarding semiquantitative 
image quality, the 2 systems performed comparably for imaging healthy tissues 
and tumor lesions. Improved quantitative performance may, however, be feasible 
using clinically optimized reconstruction settings. Future studies including more 
homogeneous groups of oncologic disease are warranted to validate our findings and 
to assess the potential clinical impact of PET imaging using the Biograph Vision.

Completethesis_JoycevanSluis_21102022FINAL.indd   82Completethesis_JoycevanSluis_21102022FINAL.indd   82 24-10-2022   09:29:3924-10-2022   09:29:39



Image quality and semiquantitative measurements of the Siemens Biograph Vision PET/CT

83

4

4

References
1. Boellaard R, Delgado-Bolton R, Oyen WJG, Giammarile F, Tatsch K, Eschner W, et al. FDG PET/

CT: EANM procedure guidelines for tumour imaging: version 2.0. Eur J Nucl Med Mol Imaging. 
2015;42:328-354.

2. Slomka PJ, Pan T, Germano G. Recent advances and future progress in PET instrumentation. 
Semin Nucl Med. 2016;46:5-19.

3. Hsu DFC, Ilan E, Peterson WT, Uribe J, Lubberink M, Levin CS. Studies of a next-generation 
silicon-photomultiplier-based time-of-flight PET/CT system. J Nucl Med. 2017;58:1511-1518.

4. Melcher CL. Scintillation crystals for PET. J Nucl Med. 2000;41:1051-1055.
5. Rausch I, Cal-González J, Dapra D, Gallowitsch HJ, Lind P, Beyer T, et al. Performance evaluation 

of the Biograph mCT Flow PET/CT system according to the NEMA NU2-2012 standard. EJNMMI 
Phys. 2015;2:26.

6. Moses WW. Time of flight in PET revisited. IEEE Trans Nucl Sci. 2003;50:1325-1330.
7. Surti S, Kuhn A, Werner ME, Perkins AE, Kolthammer J, Karp JS. Performance of Philips Gemini 

TF PET/CT scanner with special consideration for its time-of-flight imaging capabilities. J Nucl 
Med. 2007;48:471-480.

8. Jakoby BW, Bercier Y, Conti M, Casey ME, Bendriem B, Townsend DW. Physical and clinical 
performance of the mCT time-of-flight PET/CT scanner. Phys Med Biol. 2011;56:2375-2389.

9. Jakoby BW, Bercier Y, Watson CC, Bendriem B, Townsend DW. Performance characteristics of a 
new LSO PET/CT scanner with extended axial field-of-view and PSF reconstruction. IEEE Trans 
Nucl Sci. 2009;56:633-639.

10. Sonni I, Baratto L, Park S, Hatami N, Srinivas S, Davidzon G, et al. Initial experience with a 
SiPM-based PET/CT scanner: influence of acquisition time on image quality. EJNMMI Phys. 
2018;5:9.

11. Ullah MN, Pratiwi E, Cheon J, Choi H, Yeom JY. Instrumentation for time-of-flight positron 
emission tomography. Nucl Med Mol Imaging. 2016;50:112-122.

12. Almuhaideb A, Papathanasiou N, Bomanji J. 18F-FDG PET/CT imaging in oncology. Ann Saudi 
Med. 2011;31:3-13.

13. Avril NE, Weber WA. Monitoring response to treatment in patients utilizing PET. Radiol Clin 
North Am. 2005;43:189-204.

14. Bastiaannet E, Groen B, Jager PL, Cobben DCP, van der Graaf WTA, Vaalburg W, et al. The value 
of FDG-PET in the detection, grading and response to therapy of soft tissue and bone sarcomas; a 
systematic review and meta-analysis. Cancer Treat Rev. 2004;30:83-101.

15. Borst GR, Belderbos JSA, Boellaard R, Comans EFI, de Jaeger K, Lammertsma AA, et al. 
Standardised FDG uptake: a prognostic factor for inoperable non-small cell lung cancer. Eur J 
Cancer. 2005; 41:1533-1541.

16. de Geus-Oei L-F, van der Heijden HFM, Corstens FHM, Oyen WJG. Predictive and prognostic 
value of FDG-PET in nonsmall-cell lung cancer. Cancer. 2007; 110:1654-1664.

17. Surti S. Update on time-of-flight PET imaging. J Nucl Med. 2015;56:98-105.

Completethesis_JoycevanSluis_21102022FINAL.indd   83Completethesis_JoycevanSluis_21102022FINAL.indd   83 24-10-2022   09:29:3924-10-2022   09:29:39



Chapter 4

84

18. Boellaard R, O'Doherty MJ, Weber WA, Mottaghy FM, Lonsdale MN, Stroobants SG, et al. FDG 
PET/CT: EANM procedure guidelines for tumour imaging-version 1.0. Eur J Nucl Med Mol 
Imaging. 2010;37:181-200.

19. Boellaard R. EANM FDG PET/CT accrediation specifcations for SUV recovery coefficients. 
EANM Research Ltd. website. http://earl.eanm.org/cms/website.php?id5/en/projects/fdg_pet_ct_
accreditation/accreditation_specifications.htm. Published January 2017. Accessed August 1, 2019.

20. Varrone A, Sjöholm N, Eriksson L, Guly´as B, Halldin C, Farde L. Advancement in PET 
quantification using 3D-OP-OSEM point spread function reconstruction with the HRRT. Eur J 
Nucl Med Mol Imaging. 2009;36:1639-1650.

21. Lenga L, Czwikla R, Wichmann JL, Leithner D, Albrecht MH, Booz C, et al. Dual-energy CT in 
patients with colorectal cancer: improved assessment of hypoattenuating liver metastases using 
noise-optimized virtual monoenergetic imaging. Eur J Radiol. 2018;106:184-191.

22. Boellaard R. Quantitative oncology molecular analysis suite: ACCURATE [abstract]. J Nucl Med. 
2018;59(suppl 1):1753.

23. Hutton BF, Erlandsson K, Thielemans K. Advances in clinical molecular imaging instrumentation. 
Clin Transl Imaging. 2018;6:31-45.

24. Vandenberghe S, Mikhaylova E, D’Hoe E, Mollet P, Karp JS. Recent developments in time-of-
flight PET. EJNMMI Phys. 2016;3:3.

25. van Sluis J, de Jong JR, Schaar J, Noordzij W, van Snick JH, Dierckx RAJO, et al. Performance 
characteristics of the digital Biograph Vision PET/CT system. J Nucl Med. 2019;60:1031-1036.

26. Rausch I, Ruiz A, Valverde-Pascual I, Cal-González J, Beyer T, Carrio I. Performance evaluation 
of the Philips Vereos PET/CT system according to the NEMA NU2-2012 standard. J Nucl Med. 
2019;60:561-567.

Completethesis_JoycevanSluis_21102022FINAL.indd   84Completethesis_JoycevanSluis_21102022FINAL.indd   84 24-10-2022   09:29:3924-10-2022   09:29:39



Image quality and semiquantitative measurements of the Siemens Biograph Vision PET/CT

85

4

4

Supplemental data

Supplemental Figure 1 Illustrative transaxial CT, fused PET/CT, PET, and maximum intensity 
projection PET images (from left to right) acquired on the Biograph Vision (upper row) and acquired 
on the Biograph mCT (lower row) of a 47-year old female patient (weight 53 kg) with metastasized non-
xmall cell lung carcinoma. The position of the transaxial slice is indicated on the maximum intensity 
projection images (dashed line).
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Supplemental Figure 2 Illustrative transaxial CT, fused PET/CT, PET, and maximum intensity 
projection PET images (from left to right) acquired on the Biograph Vision (upper row) and acquired 
on the Biograph mCT (lower row) of a 74-year old male patient (weight 139 kg) with metastasized 
melanoma. The position of the transaxial slice is indicated on the maximum intensity projection images 
(dashed line).

Supplemental Figure 3        Bland-Altman plots of Biograph mCT and Biograph Vision SUVmax 
measurement differences (SUVmax measured on the mCT minus SUVmax measured on the Vision) plotted 
against the mean SUVmax (the mean SUVmax between systems). The mean difference between SUVmax 
measurement differences is illustrated by the horizontal solid black line and the upper and lower limits 
of agreement are shown by the dashed horizontal lines. The measurements performed on the Biograph 
mCT first and the Biograph Vision first are illustrated with the black and gray dots, respectively. The 
individual plots represent the different healthy tissues of the measurement: aortic arch (A), semioval 
center (B), liver (C), lung (D), left ventricle of the heart (E), parotid gland (F), quadriceps muscle (G), 

and spleen (H). At least 96% of the difference scores fell within the 95% limits of agreement. 
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Supplemental Figure 4          Scatter plots demonstrating a higher lesion SUVmax (A) obtained from 
the Biograph Vision images with respect to the Biograph mCT images. Similar lesion SUVpeak (B) and 

SUVmean (C) are observed between systems.

Completethesis_JoycevanSluis_21102022FINAL.indd   88Completethesis_JoycevanSluis_21102022FINAL.indd   88 24-10-2022   09:29:4124-10-2022   09:29:41



Image quality and semiquantitative measurements of the Siemens Biograph Vision PET/CT

89

4

4

Completethesis_JoycevanSluis_21102022FINAL.indd   89Completethesis_JoycevanSluis_21102022FINAL.indd   89 24-10-2022   09:29:4324-10-2022   09:29:43



Completethesis_JoycevanSluis_21102022FINAL.indd   90Completethesis_JoycevanSluis_21102022FINAL.indd   90 24-10-2022   09:29:4724-10-2022   09:29:47


	Chapter 4



