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Abréviations

BE-FDG: 18 Fluor — FluoroDesoxyGlucose

CoV: coefficient of variation

EANM: European association of nuclear medicine

FOV: field of view

KBg/cc: Kilo Becquerel/centimetre cube

Kcps: Kilo coups

MBq: Mega Becquerel

Min: minute

MIP: maximum intensity projection

NECR: noise equivalent count rate

PERCIST: PET evaluation response criteria in solid tumors
PET/CT: positron emission tomography / computed tomography
PSF: point spread function

SD: standard deviation

SUV: standard uptake value

VOI: volume of interest

ROI: region of interest
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Tableaux et figures

Table 1: Patient characteristics (n = 28)

Clinical indication
Dyspnea (n = 8, 28%)
Pain (n =11, 40%)
Pediatric patients (n = 9,
32%)
Gender - (15M/13F)
Age (years)*:
Adult patients: 64.8 (12.9)
Paediatric patients: 7.5 (4.4)
Injected activity (MBqg/kg)* :
Adult patients: 5 (0.7)
Paediatric patients: 5.8 (0.4)
Delay (min)*: 63 (6,67)

Glycaemia (g/1)*: 1,03 (0,27)

* Mean (SD)



Reconstructions  Number of lesions  Number of sites

1i10$2059c* 0.78 0.72
1i10$3052c* 0.72 0.72
2i10sPSF60;c.* 0.89 0.92

* As compared to the 2i10sPSF90 reconstruction

Table 2:

Intra-observer agreement evaluated for a PET reader who interpreted all reconstructions, starting
with the supposedly worst reconstruction (in terms of noise level) and increasing the time per bed
position up to the standard acquisition time.

< 0.2: poor agreement, 0.2 - 0.4: fair agreement, 0.41 - 0.6: moderate agreement, 0.61 - 0.8: good

agreement, 0.8 — 1: very good

Reconstructions = Number of lesions  Number of sites

1i10s20sec 0.64 0.68
1i10s30sec 0.79 0.91
2i10sPSF60;.. 0.78 0.81
2i10sPSF90;.. 0.83 0.84
Table 3:

Inter-observer agreement: interpretation was compared between one reader who read the four
reconstructions, and four other observers who interpreted one reconstruction each.
< 0.2: poor agreement, 0.2 - 0.4: fair agreement, 0.41 - 0.6: moderate agreement, 0.61 - 0.8: good

agreement, 0.8 — 1: very good
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Figure 1: lllustration of the multiple reconstructions performed to simulate fast acquisition and to
improve image noise in short or ultra-short simulated images. 5-year-old patient with right vesical
rhabdomyosarcoma. MIP views centred on the primary tumour are shown (n=15) according to the
different reconstruction times and parameters. The standard reconstruction (90s per bed position, 2
iterations 10 subsets, PSF modeling enabled).

Each reconstruction is labeled as follows: Xixsxsec Where xi, xs and xsec stand for the number of
iterations, the number of subsets and the time per bed position in seconds. PSF: point spread

function modeling.
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Figure 2: Noise in reference organs (a: aorta, b: liver, c: muscle) expressed as the coefficient of
variation (CoV). Data are presented as mean % standard deviation and compared to the standard
reconstruction (90s per bed position, 2 iterations 10 subsets, PSF modeling enabled).

Each reconstruction is labeled as follows: Xixsxsec Where xi, xs and xsec stand for the number of
iterations, the number of subsets and the time per bed position in seconds. PSF: point spread

function modeling.
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Figure 3: Lesion to background ratio using a doughnut VOI for background definition. Fast
reconstructions (from 60S to 20s per bed position) were compared to the standard reconstruction
(90s per bed position, 2 iterations 10 subsets, PSF modeling enabled). Analyses were performed for
the more obvious lesion of each patient.

Data are shown for the most obvious (panel a) and less obvious lesion (panel b) of each PET
examination.

Each reconstruction is labeled as follows: Xixsxsec Where xi, xs and xsec stand for the number of
iterations, the number of subsets and the time per bed position in seconds. PSF: point spread

function modeling.
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Figure 4 Comparison of the number of image quality (a), anatomical sites (b) and number of lesions
(c): a PET reader who interpreted all reconstructions, starting with the supposedly worst
reconstruction (in terms of noise level) and increasing the time per bed position up to the standard
acquisition time. Each reconstruction is labeled as follows: xixsxsec Where xi, xs and xsec stand for the
number of iterations, the number of subsets and the time per bed position in seconds. PSF: point
spread function modeling.

The order of review was (1) 1i10510sec, (2) 1i10520sec, (3) 1i10530sec, (4) 2i10sPSF60sec and finally the

standard of reference 2i10sPSF90sec.
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Figure 5: 63-year-old female patient with severe pain due to a myeloma recurrence. A suspicious
lesion with mild uptake is seen on the posterior left iliac crest on the usual ¥F-FDG PET/CT
acquisition (a, from left to right MIP view and transverse slice centred on the lesion). The lesion is

still visible on simulated fast acquisition and was picked up by the blinded PET reader.



Figure 6: 62-year-old female lymphoma patient with bulky mediastinal mass and superior vena cava
syndrome with significant dyspnea, who had to be scanned with several pillows (a). Sagittal slices are
shown for CT and ®F-FDG PET images with the usual parameters (b) or using a simulated fast

acquisition with adapted reconstructed parameters (c).



Supplemental Figure 1: Methodology for delineation of a doughnut shaped VOI surrounding the
tumours’ VOI used for computation of the tumour/background: a: gradient-based tumour VOI, b: 3D
VOI including a 1 cm, c: doughnut VOI (red colour) obtained by substracting the tumour VOI to the

tumour+ surrounding noise VOI



Introduction

Over the last decade, Positron emission tomography (PET) has been marked by technological
involvements, including improved reconstruction algorithms and hardware evolutions [1], the most
recent one being digital PET that is now available from the major PET vendors [2-6]. Fully digital PET
cameras, such as the Vereos system (Philips Heathcare®, Ohio, US), feature small digital silicon
photomultipliers instead of much larger photomultiplier tubes, providing true digital photon
counting with 1-to-1 crystal coupling. The properties of digital systems, in particular the
enhancement in the time-of-flight capabilities, have been shown to improve signal-to-noise ratio and
ultimately image contrast and lesion detectability compared to analog PET [3, 7, 8]. From a daily
routine perspective, these PET advancements are usually used to decrease injected activity and
reduce acquisition time, the decrease in the injected activity being made with the aim of reducing
radiation exposure but also for obvious economic reasons. However, evaluation of the physics
performance of modern PET system with regards to noise equivalent count rate curves (NECR),
which account for useful information (true coincidences) and events creating noise (random and
scattered coincidences), show that recent PET scanners could handle high activity in the FOV without
compromising image quality (i.e noise level).

An issue faced by PET unit teams is the management of bedridden patients experiencing pain or
dyspnea. Also challenging is the scan of uncompliant pediatric patients when premedication is not
efficient or feasible. Positioning of the patient on the table and PET acquisition being the bottleneck
of the total scan time, the fastest PET acquisition would be very useful in all of these situations,
provided the diagnostic performances are maintained.

The aim of this study was to seek the minimal duration per bed position being feasible with a recent
PET system without compromising image quality and tumour or other target detection in patients for

whom fast or even ultra-fast PET imaging may be useful. We focused on cancer patients with



dyspnea or in pain, as well as paediatric patients in whom recommendation for injected activity
(PEDdose: https://www.eanm.org/publications/dosage-calculator/) lead to activity per unit of
weight higher than those used in adult.

The minimal time per bed position was investigated by reconstructing list mode data with decreasing
time down to 10 s per bed position. We also evaluated whether modifications had to be made
regarding reconstruction parameters when using ultra-fast imaging (i.e in images acquired with less
than 60 seconds per bed position), in order to maintain an acceptable noise level. A comprehensive
evaluation of the impact of reducing acquisition time was performed on simulated data, including

image quality, lesion detectability as well as inter- and intra-observer agreement.



Materials and methods

Patients’ selection

From January 2018 to September 2018, patients experiencing pain or dyspnea, in whom a standard
BE-FDG PET scan duration (around 20 min) was deemed to be infeasible, received a higher injected
activity (arbitrary set to 5 MBg/Kg) and underwent a faster scan, as described below in the materials
and methods section. Also included in this series were pediatric patients in whom the injected
activity, according to the EANM guidelines (using the PETdose recommendations), usually leads to an
injected activity around 5-6 Mbq/kg, which is almost twice the injected activity per unit weight in
adults at our PET centre. This study was part of the NUMANATEP project, meant to evaluate digital
PET systems at our institution, which was approved by the regional Ethics Committee (registration
number: CERES 27669) and authorization to use additional reconstructions for research purpose was
sought from every patient. Anonymised data were collected and used as per the European mutually
agreed General Data Protection Regulation (GDPR) with the French committee on data privacy

registration number CNIL 2204611 v O.

PET/CT acquisition and reconstruction parameters

The 8F-FDG usual injected activity was increased from 3 MBqg/kg to 5 MBg/kg in adult patients and
the acquisition time was decreased from 2 min to 1.5 min. Pediatric patients’ activities were
computed using the EANM PEDdose application) and these patients were also scanned at 1.5 min
per bed position.

Data were acquired in list mode on a Vereos digital PET/CT system. At our centre, the standard
reconstruction is as follows: 2 iterations, 20 subsets (2i20s), point spread function modelling and
time-of-flight enabled, no post filtering and voxel size of 2mm?3. In addition, frames of 60s, 30s, 20s
and 10s per bed position were reconstructed with the same parameters. Given that an increase in

the noise level was expected for reconstructions shorter than 60s per bed position, we also

3



reconstructed 30, 20 and 10s per bed simulated acquisitions with (i) the same number of iterations
but with PSF modeling disabled and (ii) a two-fold decrease in the number of iterations (1i10sec) and
PSF disabled. Therefore, a total of 15 reconstructions per patient were studied (Figure 1). Within this
complete manuscript, the reconstructions are defined and labeled as follows: xixsxsec Where xi, xs and
xsec Stand for the number of iterations, the number of subsets and the time per bed position in

seconds. PSF: point spread function modeling.

Evaluation of noise and tumour/local background when decreasing the acquisition time
Images were analyzed using the MIM software. For all analysis, region of interest (ROI) and volume
of interest (VOI) were drawn by one PET reader, using a gradient-based contouring method (PET
edge) on images obtained with the standard reconstruction and then copied and pasted to the ten
other set of images to avoid any intra-observer variability.
Noise was evaluated in large reference organs and in the vascular background as follows:

- Liver: a 3 cm diameter VOI centred on the right liver lobe

- Aorta:a 1.5 cm VOI centre on the descending aorta

- Muscles: a 1.5 cm diameter VOI placed on the right ilio-psoas muscle at the level of the 4th

lumbar vertebra

In order to assess the potential lesion detectability as a function of lesion/surrounding background
visual ratio, a doughnut shaped VOI surrounding the tumours’ VOI was used and tumour/background
ratios were computed using the SUVmean values within the tumours and doughnut VOIs
(supplemental figure 1). As most of included patients had multiple lesions, we focused on the most

obvious and less obvious lesions on the standard reconstruction.



Comparison of short and standard acquisitions

Based on the analysis of noise level described below, we selected three reconstructions for which
the noise was not statistically different, compared to the standard reconstruction (2i10sPSF90sec):
1i10s20sec, 1i10s30sec, and 2i10sPSF60sec, which were randomly assigned to 4 PET readers with at
least a 12-month experience in the reading of PET images using the Vereos system. A fifth reader
was asked to read all these reconstructions as well as the standard reconstruction, starting with the
supposedly worst reconstruction (in terms of noise level) and increasing the time per bed position up
to the standard acquisition time. The order of review was (1) 1i10510sec, (2) 1i10520sec, (3) 1i10530sec,
(4) 2i10sPSF60sec and finally the standard of reference 2i10sPSF90sec.

PET readers rated the image quality according to a 3-point scale (1=poor; 2=fair; 3= good), recorded
the number of malignant foci (0, 1, 2-5, >5) and the number of anatomical sites (0, 1, 2, 3, 4, 25). The
5 cutoff value was chosen as this figure is commonly used by the oncology community to define
oligometastic disease. We also focused on the number of anatomical sites, which is even more
important than the number of lesions by organ in the staging system of many cancer types. Readers
were aware of the reasons why the patients had been referred to an ¥F-FDG PET examination, in

order to avoid bias in interpretations.

Statistical analysis

Quantitative data are presented as mean # standard deviation (SD).

Noise (in the liver, aorta and psoas), lesion/background ratios and mean image quality were
compared using the non-parametric rank-sum Friedmann test for multiple paired sample. For that
test, the mean rank of each reconstruction was compared to the standard acquisition and
reconstruction set (i.e 90s per bed, 2i20s, PSF modeling enabled), which was used as a control
reconstruction. The aim was to seek reconstruction settings where the noise level was not
statistically significant, compared to the standard reconstruction, which would therefore be useable

in clinical practice with an acceptable loss in image quality. The reported P values were corrected for
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multiple comparison testing using the Dunns’ method. Inter-observer agreement was evaluated
using the Cohen’s Kappa. Kappa values were reported using the benchmarks of Landis and Koch
(0.81-1 almost perfect agreement, 0.61-0.80 substantial agreement, 0.41-0.60 moderate
agreement and 0.21-0.40 fair agreement). Graphs and statistical analysis were performed using

Prism 8 (Graphpad, graphpad Software, San Diego, CA, USA) and XLSTAT (addinsoft, Paris France).



Results

Comparison of short and standard acquisitions: noise level, contrast and visual image quality

Over a nine-month period, twenty-eight patients were included. During this period, 873 patients
were referred for 8F-FDG PET. Therefore, the prevalence of patients potentially requiring fast PET
imaging was 3.4%. Their characteristics are displayed on Table 1.

Noise level, expressed as the coefficient of variation (CoV) in the blood pool (aorta), liver and muscle
was 0.12 (0.04), 0.12 (0.04) and 0.17 (0.08), respectively for the standard reconstruction
(2i10sPSF90scc) (Figure 2). If the same reconstruction parameters were maintained (2 iterations, 10
subsets and PSF modeling), only the 60s per bed reconstruction displayed a noise level comparable
to the standard reconstruction, with CoV-aorta, CoV-Liver and CoV-muscie of 0.14 (0.04), 0.15 (0.04) and
0.20 (0.09), respectively. For reconstruction with a shorter time per bed, maintaining a noise level
not significantly higher than that of the standard reconstruction required disabling PSF and
decreasing the number of iterations by a two-fold factor in images with less than 60s per bed
position. Using these parameters, the 30s (1i10s30sec) and 20s (1i10s20sec) per bed reconstructions
displayed CoV-aorta, CoV-uver and CoV-muscie of 0.11 (0.03), 0.12 (0.03) and 0.14 (0.05) and 0.13
(0.04), 0.14 (0.03) and 0.17 (0.07), respectively. Despite adaptation of the reconstruction
parameters, the shortest reconstruction used (10s per bed) showed a significantly higher noise,
compared to the standard clinical reconstruction (Figure 2).

Based on this analysis of noise level, we selected three reconstructions for comparison of lesion to
background ratios and visual image quality: 1i10520sec, 1i10530sec, and 2i10sPSF60sec (Figure 4). Only
the 60s per bed reconstruction displayed a mean lesion/background ratio comparable to the
standard reconstruction: 3.19 (1.51) versus 3.22 (1.57). For the 30s and 20s time per bed
reconstructions, mean lesion/background ratios for the most obvious lesion were still both higher

than 2.0 {2.43 (0.93) and 2.43 (0.91)} but represented a decrease of 22% and 23%, respectively



compared to the standard reconstruction (Figure 3a). For the less obvious lesion, mean
lesion/background ratios were almost similar to those obtained with the most obvious lesion {1.99
(0.54) and 2.01 (0.56)} and represented a decrease of 21% and 22%, respectively compared to the
standard reconstruction (Figure 3b). Concerning mean quality scores, the only reconstruction
displaying no significant difference as compared to the standard reconstruction is the 1i10530sec
reconstruction. It showed a mean quality score equal to 2.6 (0.5) versus 2.7 (0.5) for the standard
reconstruction. All other reconstructions showed significantly slightly lower mean quality scores

(Figure 4a).

Impact of acquisition time on Lesion detectability

Intra observer agreement

As described in the Material and Methods section, intra rater agreement was evaluated by a PET
reader who interpreted all reconstructions, starting with the supposedly worst reconstruction (in
terms of noise level) and increasing the time per bed position up to the standard acquisition time.
The best intra rater agreements were observed with the 2i10sPSF60s for both the number of
detected lesions and the number of detected anatomical sites. Regarding the number of detected
lesions, the Cohen kappa coefficients were equal to 0.78, 0.72 and 0.89 for 1i10s20sec, 1i10530sec, and
2i10sPSF60sec, respectively. For the number of detected anatomical sites, the Cohen kappa
coefficients were equal to 0.72, 0.72 and 0.95 for 1i10s20sec, 1i10530sec, and 2i10sPSF60sec,
respectively. However, all Cohen kappa coefficients were ranged at least good, whatever the
reconstruction used.

Regarding the number of detected lesions, 3 (11%) patients had fewer lesions detected using the
1i10520sec, 1i10s30sec reconstructions as compared to the 2i10sPSF60sec and/or the standard
reconstruction (Figure 4b). In line with those findings, 6 (22%) had fewer anatomical sites detected

with the 1i10s20sec, 1i10s30sec reconstructions (Figure 4c). Representative images of one of these
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patients are displayed on Figure 5. Of note, in line with noise level evaluation (Figure 1), no false
positive findings related to noise level were observed on the 1i10s20sec and 1i10530sec

reconstructions.

Inter observer agreement
As described in the Material and Methods section, the three selected reconstructions (1i10520sec,
1i10530sec, and 2i10sPSF60s.c) were randomly assigned to 3 other PET readers. Inter-rater agreement
for the number of involved anatomical sites and detected lesion was good or almost perfect (Kappa:
0.64-0.91) for all the selected acquisitions (Table 2). In particular, kappa coefficients for the 30s per
bed acquisition were 0.79 and 0.91 for lesion and anatomical sites number, respectively. Regarding
the number of detected lesions, discordances occurred in 6, 4 and 4 patients for 1i10s20sec,
1i10s30sec, and 2i10sPSF60sec reconstructions, respectively. Regarding the number of detected
anatomical sites, discordances occurred in 7, 2 and 4 patients for 1i10s20sec, 1i10530sec, and

2i10sPSF60sec reconstructions, respectively.



Discussion

For a PET centre, being able to perform fast imaging may be a challenge, as shown in Figure. 6 where
a lymphoma patient with a bulky mediastinal mass and a superior vena cava syndrome had to be
scanned with several pillows to cope with dyspnea. This study was conducted as a non-inferiority
study to seek the fastest acquisition time possible with our system, focusing on a specific population
likely to benefit from fast or ultra-fast imaging: patients in pain, experiencing dyspnea and pediatric
patients. Claustrophobic patients were not included but could also benefit from fast imaging.

This type of study could be applied to modern PET scanners capable of high-count rate. Hence, a
recent evaluation of the Vereos system showed that its NECR is 513.4 Kcps @ 54.9 KBq/cc [5]. This
can be compared to a NECR of 185 Kcps @ 29 KBg/cc and 266.3 Kcps @ 20.8 KBg/cc for the Siemens
mCT [9] and the GE Discovery Ml (5 ring version) [4], respectively.

The liver, which is the organ of reference in many circumstances (Deauville score, and marker of
quality for PERCIST, where absolute and relative variation in liver uptake have to remain below 0.3
units and 20%, respectively [10]) was used, together with the vascular background in the aorta and
muscle. Concordant results were obtained when comparing the level of noise in these three
reference organs amongst simulated short acquisitions, provided that the shortest acquisitions were
improved by decreasing the number of iterations and disabling PSF modeling. TOF was enabled for
all reconstructions, as it has been shown that the improved TOF capabilities of modern digital PET
systems leads to a dramatically enhanced image quality, as compared with analog PET, which may
prove particularly useful for PET exams performed with reduced injected activities and/or recording

times [11].

Based on noise in reference organs, we studied intra- and inter-observer analysis amongst the

reconstructions deemed to be best suitable for fast imaging, i.e 1i10520se, 1i10530sc, and
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2i10sPSF60s.c. The 30s per bed position reconstruction appeared to be suitable for clinical practice,
with intra observer agreement of 0.79 and 0.90 for lesion and anatomical sites number and a mean
image quality comparable to that of the standard reconstruction (2.6 +/- 0.5 versus 2.7 +/- 0.5, P ns).
Of note, while we focused on adapted reconstructions displaying a noise level comparable to a
standard reconstruction, one could decide to perform ultra-fast PET acquisitions despite an increase
in noise level. As shown in Figure 1, an acquisition with 10 s per bed position would visually lead to a
significant level of noise in the liver but still allows visualization of the tumour. This increase in noise
level in an organ frequently used as a reference (for example for PERCIST [12], Deauville scoring [13])
and being part of the metastatic spread of many cancer types [14] was 73% on average when
comparing the 1i10s10sec and 1i10s30sec reconstructions (Figure 2).

The relatively small number of patients included in this study could be regarded as a limitation of it,
but in fact reflects the prevalence of patients potentially requiring fast PET imaging (3.4%) at our
institution. This figure is related to the population scanned, in our case 90% of the PET scans
performed in our department are oncology-related [15]. Secondly, we arbitrarily decided to increase
the injected activity. One might assume that a clinical situation requiring fast imaging may occur
after the ¥F-FDG has been injected. Data regarding this situation are provided as supplementary file
and show similar results for noise level but tumour to background ratio smaller than 2 for the less
obvious lesions, requiring further studies before being applied.

Our data could be useful to other centers facing the situation of patients experiencing pain, dyspnea
or any other disease requiring a decreased acquisition time. In our experience, from a practical point
of view, fast scanning requires a sufficient number of technologists and physicians to position the
patient on the table of the PET scanner and remove him/her promptly and efficiently (with the
appropriate equipment in the case of bedridden patients) so that the time spared during acquisition
(and the gain in patient’ comfort) is not lost during these phases. Median estimated total PET

acquisition time for the 1i10s30sec was 4 min, compared to 12 min for the standard reconstruction.
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It is noteworthy that PET systems with very long axial field-of-view such as total body PET [16, 17]
would obviously allow ultra-fast imaging but this new technology is unlikely to be widely available
given its cost. Perspectives of fast PET imaging using modern PET systems will require adaptation of
the reconstruction parameters for a given system, and are likely to be impacted by evolution of
reconstruction capabilities, especially implementation of deep learning reconstruction [18-20],

enabling handling of noise level at low-count statistics.

Conclusion

Acquisition time per bed on the Vereos system can be reduced down to 30s without significant
impact on quantitative and visual image quality and with preservation of a good detectability as
compared to the standard reconstruction. These fast acquisitions require optimization of

reconstruction parameters.
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ANNEE DE SOUTENANCE : 2020

NOM ET PRENOM DE L’'AUTEUR : COUDRAIS NICOLAS

TITRE DE LA THESE: A quelle vitesse pouvons-nous scanner des patients avec des
systemes TEP/TDM modernes (numeériques) ?

RESUME DE LA THESE EN FRANCAIS :

Objectif:

Rechercher la durée minimale d'acquisition avec un systéme TEP numérique sans
compromettre la qualité d'image et la détection des lésions chez les patients nécessitant une
imagerie rapide TEP 18F-FDG.

Matériels et méthodes:

28 patients ont été scannés sur un systeme TEP numérique Vereos. Les données ont été
reconstruites avec un laps de temps décroissant jusqu'a 10 secondes par position de lit. Le
bruit a été évalué en utilisant des ratios cible/bruit de fond, dans le foie, les vaisseaux et les
muscles. 5 médecins ont enregistré la qualité d'image, le nombre de foyers et de sites
anatomiques impliqués dans des reconstructions allant de 60 a 10sec par pas, par rapport a
la reconstruction standard de 90sec.

Résuiltats:

Les reconstructions suivantes, avec un bruit non significativement supérieur a la
reconstruction standard, ont été sélectionnées: 1itération/10 sous-ensembles/20sec
(1i10s20sec), 1i10s30sec et 2i10sPSF60sec.

Seuls les 60sec par pas avaient des ratios cible/arriere-plan similaires a ceux de la
reconstruction standard, mais les ratios moyens étaient toujours supérieurs a 2,0 pour la
reconstruction des 30. L'accord inter-évaluateur et intra-évaluateur pour le nombre de sites
anatomiques et de lésions détectées était bon voir presque parfait, en particulier pour les
acquisitions de 30sec. Le temps d'acquisition total estimé de TEP pour le 1i10s30sec et la
reconstruction standard étaient respectivement de 4 et 12 min.

Conclusion:

L'imagerie rapide est possible avec des acquisitions de 30sec par position de lit sur le
systéme Vereos, nécessitant une optimisation des paramétres de reconstruction.

MOTS CLES : TEP; Numérique; 8F-FDG; douleur; dyspnée



ANNEE DE SOUTENANCE : 2020

NOM ET PRENOM DE L’'AUTEUR : COUDRAIS NICOLAS

TITRE DE LA THESE EN ANGLAIS: How fast can we scan patients with modern
(digital) PET/CT systems?

RESUME DE LA THESE EN ANGLAIS :

Purpose:

To seek the minimal duration per bed position with a digital PET system without
compromising image quality and lesion detection in patients requiring fast 18F-FDG PET
imaging.

Materials and methods:

28 patients were scanned on a Vereos system. List mode data were reconstructed with
decreasing time frame down to 10s per bed position. Noise was evaluated in the liver, blood
pool and muscle, and using target-to-background ratios. 5 PET readers recorded image
quality, number of clinically relevant foci and of involved anatomical sites in reconstructions
ranging from 60 to 10s per bed position, compared to the standard 90s reconstruction.

Results:

The following reconstructions, which harboured a noise not significantly higher than the
standard reconstruction, were selected: 1iteration/10subsets/20sec (1i10s20sec),
1i10s30sec, and 2i10sPSF60sec.

Only the 60s per bed displayed similar target-to-background ratios compared to the standard
reconstruction, but mean ratios were still higher than 2.0 for the 30s reconstruction. Inter-
rater agreement for the number of involved anatomical sites and detected lesion was good or
almost perfect (Kappa: 0.64-0.91). In particular, kappa for the 30s per bed acquisition was
0.78 and 0.91 for lesion and anatomical sites number, respectively. Intra-rater agreement
was also excellent for the 30s reconstruction. Estimated total PET acquisition time for the
1i10s30sec, and the standard reconstruction were 4 and 12 min, respectively.

Conclusion:

Fast imaging is feasible with state-of-the-art PET systems. Acquisitions of 30s per bed
position are feasible with the Vereos system, requiring optimization of reconstruction
parameters.

KEY WORDS: PET; Digital; *®F-FDG; pain; dyspnea




