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Avant propos 
 

 
 

 

 

Du fait de la respiration, les lésions intra-thoraciques et notamment les 

tumeurs pulmonaires sont soumises à des mouvements physiologiques. 

Les patients atteints de lésions pulmonaires sont souvent candidats à une 

radiothérapie. Dans ce cas, ces mouvements peuvent avoir des 

conséquences importantes, non seulement lors de la prise en charge 

diagnostique, mais aussi lors de la définition du volume tumoral 

macroscopique (GTV : Gross Tumour Volume), étape cruciale pour la 

détermination de la balistique d’une éventuelle radiothérapie.  

 

 

Tout d’abord, lors du bilan initial, une tomodensitométrie (TDM) pulmonaire 

est réalisée. Elle doit être pratiquée en inspiration profonde bloquée (1). Ainsi 

bloquée, la lésion ne présente aucun mouvement et l’anomalie visualisée 

correspond au strict volume tumoral (GTV). L’apnée est souvent  possible car 

le temps d’acquisition est suffisamment court (de l’ordre de quelques 

secondes) pour que cette position soit tenue par le patient. Par contre, les 

informations du mouvement, son amplitude, sa direction, ne sont plus 

disponibles alors que leur connaissance est nécessaire pour l’établissement 

d’une radiothérapie, pour laquelle la durée de traitement est généralement 

de l’ordre de la minute. Dans cette optique, une acquisition dynamique (4D) 

est recommandée (2) pour évaluer le mouvement tumoral lors de la 

respiration. A partir de ces données, on définit le volume tumoral interne (ITV : 

Internal Tumour Volume) représentant l’ensemble des positions prises par la 

tumeur lors d’un cycle respiratoire. 
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Parallèlement, dans le cadre du bilan pré-thérapeutique,  une TEP-TDM 

au 18F-FDG peut être indiquée (3). Elle permet notamment d’évaluer le 

volume métabolique de la tumeur et de déterminer un volume tumoral 

biologique (BTV : Biological Target Volume). Du fait du temps des acquisitions 

nécessaires à l’enregistrement des coïncidences TEP, de l’ordre de 2 min, une 

apnée prolongée est impossible pour les patients. Ainsi, les acquisitions sont 

réalisées en respiration libre. Les informations concernant le mouvement des 

organes mais surtout de la tumeur à évaluer sont donc dégradés : le volume 

métabolique est surestimé et les indices de quantifications (SUV) sous évalués. 

Or, ce volume métabolique est nécessaire pour optimiser le ciblage en 

radiothérapie (4-5). Au même titre que l’imagerie TDM4D, il est dorénavant 

possible de disposer d’acquisitions dynamiques TEP-TDM 4D, synchronisée au 

mouvement respiratoire.  

 

 

La TEP-TDM 4D semble être un outil prometteur pour la planification de 

la radiothérapie, combinant à la fois les informations concernant le 

déplacement lésionnel mais aussi celles du métabolisme glucidique. 

Cependant, les durées d’acquisition pour ce type d’examen sont multipliées 

par le nombre de phases respiratoires choisies pour la synchronisation (6 pour 

les acquisitions TEP-TDM (6) à visée diagnostique, 10 pour la TDM4D pré-

radiothérapie(7)) : soient des acquisitions en décubitus dorsal de 10-15 

minutes minimum, pas toujours tolérables pour des patients dyspnéiques. 

 

 

Certaines méthodes, comme la méthode RRA (Reconstruct, Register 

and Average) ont été proposées pour corriger les images TEP des problèmes 

de quantification à partir d’acquisition dynamiques de courte durée (de 

l’ordre de 2min). Dans cette approche, l’information nécessaire à la 

restitution de la quantification est obtenue en s’affranchissant du mouvement 

respiratoire (8). L’information du mouvement lésionnel est alors perdue. 
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Nous proposons dans ce travail une extension de la méthode RRA en 

TEP-TDM 4D au 18F-FDG pour réaliser des images pseudo TEP4D. L’objectif et 

ici d’évaluer la faisabilité et les performances de cette méthode, sur un 

modèle tumoral in vivo. 
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Abstract 
 
 
Introduction: 18F-FDG PET-CT (18F-fluorodeoxyglucose, positron emission 

tomography-computerized tomography) is a powerful tool for radiotherapy 

planning of lung lesions, especially with promising 4D acquisitions. Our aim 

was to assess a new 4D reconstruction scheme: Multi-RRA (Reconstruct 

Register and Average) acquired 8-times faster than a standard 4D-PET-CT 

acquisition. This method was compared to a reference (4D-CT) and to other 

PET reconstructions (3D-PET and 4D-PET). 

 

Material and method: PET acquisitions synchronised to the respiratory signal 

were performed on patients presenting mobile lung lesions. Tumor 

displacement volumes were compared on each reconstruction (the 

reference 4D-CT, 3D-PET, 4D-PET and multi-RRA). Topologic similarity indexes 

from reference (Dice, Jaccard and Overlap) were also studied.  

 

Results: 22 lesions were evaluated. Volumes obtained with multi-RRA were not 

significantly different from reference (3.70 mL vs. 2.94 mL). Mean bias from 

reference was low (-0.32 mL) and better than mean bias of the other 

reconstructions (-0.69mL and -2.5mL for 4D-PET and 3D-PET respectively). No 

significant difference was found for the displacement volumes between 

4D-PET and multi-RRA. Topologic similarity indexes were slightly better with 

multi-RRA but not different from those with 4D-PET. 

 

Conclusion:  Multi-RRA algorithm provides information similar to the one 

obtained with 4D-PET with a shortened acquisition time.  
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Introduction 
 

  

Lung cancer is the fourth cancer in term of incidence in France, and 

the first in term of mortality (nearly 30,000 deaths in 2012) [1]. Due to the 

potential complications of surgery, new therapeutic schemes, combining 

chemotherapy and radiotherapy are recommended [2]. 

  

In radiotherapy, the fundamental step is the optimal definition of the target 

volume, based on Computed Tomography (CT). Indeed, this volume 

determines the local control of the disease. Different key volumes have been 

defined to homogenise the data (ICRU: International Commission on 

Radiation Units [3]): the Gross Tumour Volume (GTV), corresponding to the 

volume noticeable with current imaging technologies, the Clinical Target 

Volume (CTV), considering the possible microscopic extension of the GTV in 

healthy surrounding tissues and the Planning Target Volume (PTV), which 

corresponds to the CTV associated to safety margins due to technical 

constraints. 

Due to technological advances, imaging guided radiotherapy (IGRT) has 

became mandatory to adapt the radiotherapy ballistic to morphologic 

tumour changes, during the treatment and to reduce the exposure of organs 

at risk [4-5]. 

First, Positron Emission Tomography combined with Computed Tomography 

(PET-CT) with 18-fluorodeoxyglucose (18F-FDG) has shown its interest for the 

diagnosis and prognosis of lung tumours [6-8] and to improve tumour target 

volume definition by introducing the concept of Biological Target Volume 

(BTV) [9-11]. Indeed, by detecting glucose hypermetabolisms, it allows a 

better delineation of the primary tumour, excluding atelectasis from target 

volume [12], and improves the inter-observer concordance between GTVs 

[13]. Due to the acquisition time of 18F-FDG PET-CT, the respiratory motions 

[14] lead to a significant degradation of PET images. Indeed, tracer uptakes in 

moving organs appear smoothed and with a decreased intensity [15-16]. 
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Regarding radiotherapy planning, the information of the lesion displacement 

with respiratory movements is essential to optimize the target volume 

definition and to potentially spare the organs to protect. The 4D Computed 

Tomography (4D-CT) synchronised to the breathing signal, has been 

proposed to define the lesion volume and its motion along the respiratory 

cycle [17-18]. This gated procedure requires acquiring as much CT volumes as 

the number of respiratory phases [19]. This acquisition mode is highly 

recommended (level 1B) by the EORTC (European Organization for Research 

and Treatment of Cancer) [20] to define the Internal Target Volume (ITV), the 

volume corresponding to the different positions taken by the GTV during the 

respiratory cycle.  

Recently, PET suppliers have integrated the respiratory gating in PET imaging, 

providing 4D fused PET-CT image [21-22]. A new target volume corresponding 

to the different positions taken by the biological volume was introduced by 

Riou et al [23]: BITV (Biological Internal Target Volume). 

As for the CT, PET data are sampled into the several phases of the respiratory 

cycle. However, to maintain enough statistic count and therefore the image 

quality, the PET acquisition time is typically multiplied by the number of 

phases. This requires significantly longer acquisitions often difficult to bear for 

fragile patients. 

To overcome this drawback, GE Healthcare has recently proposed a new 

reconstruction algorithm (QFreeze®) based on the RRA methodology 

(Reconstruct, Register and Average), using all the PET data obtained during a 

standard acquisition time (2-3 min) and synchronized to the respiratory signal. 

It finally generates a static image free from motion artefacts and without any 

loss of statistic count [24]. This approach was developed to correct PET 

images for the movement degradation and thus restore the lesion 

quantitative accuracy without increasing the acquisition time. We propose to 

extend the RRA approach, to the generation of multi-volume of RRA to keep 

the information of the lesion displacement with a restricted acquisition time. 
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The aim of this study was to evaluate the feasibility of our multi-RRA approach 

and to compare it to the 4D-CT, the standard 3D-PET and 4D-PET-CT. 
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Materials and methods 

  

Patients  

 

Patients were selected according to their lesion’s characteristics: lung lesion 

(primary or secondary), with a small diameter and potentially mobile (free 

from any contact with the mediastinum or the pleura). These patients 

benefitted from a respiratory gated acquisition. 

  

Acquisitions  

 

Patients fasting for at least 6 hours were injected with 3.5 MBq/kg of 18F-FDG. 

The CT acquisition parameters were adjusted according to the patient's 

morphology (automatic mAs and voltage of 100 kV if BMI <30 and 120 kV if 

BMI> 30). Identically, the PET acquisition time per bed position was adapted 

according to the patient’s BMI (2 min if BMI <30 and 2.5 min if BMI> 30). 

An additional 4D PET-CT acquisition, synchronized to respiration and focused 

on the lesion was performed. First, a 4D–CT was acquired, consisting in 

scanning the thoracic region to get a 3D-CT volume for each phase of the 

respiratory cycle. The 4D-CT acquisition was followed by a 4D-PET acquisition 

in list-mode, to allow several reconstructions afterwards. 

The acquisitions were performed on a Discovery PET-CT 710 (General Electric 

Health Care) equipped with the Real-time Position Management (RPM) 

system (Varian Medical systems, Paolo Alto, CA) used for respiratory gating. 

This hardware records changes in abdominal elevation during a breathing 

movement (vertical movement). It consists of an infrared sensitive CCD 

(Charge Couple Device) camera and a plastic box with two small light 

reflectors. The camera is fixed away from the patient’s feet. The box was 

placed on the patient's chest, typically halfway between the xiphoid process 

and the umbilicus, to enable the camera to track the vertical signal. 

The respiratory cycle is then sampled into several phases. Phase 0% represents 
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the end of inspiration; the end of expiration is around 50% and 100% phase 

marks the end of a cycle and the beginning of a new one. 

  

PET reconstructions 

 

Different PET volumes were reconstructed from the data acquired in list-mode 

(Figure 1). 

 

3D-PET: 

It corresponds to the PET volume reconstructed with an acquisition time of 

2.5 min, without any respiratory gating (standard acquisition). 

  

4D-PET:  

It corresponds to the PET reconstruction gated to the respiratory signal 

considering an acquisition time of 6 min. For each phase of the respiratory 

cycle, each 3D-PET volume is reconstructed using the corresponding CT 

volume to correct the PET images for the attenuation. 

  

RRA:  

This corresponds to the PET reconstruction gated to the respiratory signal 

considering an acquisition time of 2.5 min. As for the 4D-PET, each 3D-PET 

volume is reconstructed and corrected for attenuation. Then each 3D-PET 

volume is registered to the reference volume (the reference volume 

corresponds to one of the phase selected among the respiratory cycle) using 

a regularized elastic algorithm. Then, all the registered 3D-PET volumes are 

summed to get a single static volume, free from respiratory motion [24]. 

  

Multi-RRA:  

This method relies on the RRA approach, but we realized as many RRA 

reconstructions as the number of the respiratory phases. That is, we 

considered each phase of the cycle as the reference phase used in the RRA 

approach. This reconstruction gives as many 3D-PET volumes as the number of 
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phases. As previously, all the RRA are performed considering an acquisition 

time of 2.5 min. 

 

 

  

  

               

Figure 1: Different PET reconstructions and corresponding PET volumes 
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Tumour volume delineation  

 

The different volumes were determined on Oncoplanet© workstation 

(Dosisoft, Cachan, France). Several delineations were realized to obtain 

several volumes: 

· CT: anatomical delineation of lung lesions were manually performed, 

slice by slice, with a lung contrast (width: 1500 HU, centre: -274 HU), for 

each respiratory phase. The set of these volumes was then joined to 

form the 4D-CT volume. 

· PET: metabolic volumes were all determined by a 40% SUVmax 

thresholding (figure 1). 

o 4D-PET: the union of every segmented volume obtained on every 

respiratory phase constituted the 4D-PET volume 

o 3D-PET acquisition provided the 3D-PET volume 

o The union of every segmented volume obtained on every RRA 

reconstruction constituted the multi-RRA volume. 

  

4D-CT volume was defined as the reference volume. So, each PET volume 

was compared to this reference to establish different similarity topologic 

indexes [25]: 

·     Dice index: 2 X voxels of structures’ intersection / Sum of the 

structures’ voxels 

·      Jaccard index: Voxels of structures’ intersection / Voxels of structures’ 

union 

·     Overlap fraction: Voxels of structures’ intersection / voxels of the 

smallest volume. 

The optimal value of these indexes is 1. 
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Statistical tests 

 

Non parametric Friedman test was applied for paired means comparisons 

and the Tukey-Kramer post test to compare pared groups in pairs.  Bland 

Altman graphic method allowed showing the mean biases between different 

volume estimations. Comparisons between two unpaired groups (subgroups 

of lesions) were performed with the Mann Whitney test and correlations with 

the Spearman correlation test. 
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Results 

 

First, based on the analysis of the dataset of one lesion, the optimal 

number of respiratory phases was determined. For this purpose, we compared 

topologic similarity indexes between the reference 4D-CT and the multi-RRA 

reconstruction for 3 different samplings of the respiratory cycle (3, 5 and 8 

phases) (figure 2). These indexes were always better when the respiratory 

cycle was divided into 8 phases. Thereafter, we always considered the 

sampling in 8 phases for all the 4D-CT, 4D-PET and multi-RRA reconstructions. 

  

 

Figure 2: graphic showing different similarity indexes between 4D-CT and multi-RRA as 

the function of the number of phases of the respiratory cycle. 

  

18 patients (2 women (11%) and 16 men (89%) were selected and 22 lung 

lesions analysed (table 1). 12 lesions (55%) were localized above the hilar 

regions and 10 (45%) lesions under the hilar regions. 
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Age (n=18)  Median [range]  65 [51 – 84]  

Sex  M 16 (89 %)  

 F 2 (11 %)  
 

 
 

Lesion localisation (n=22)  Upper Right 6 (27 %)  

 Upper Left 7 (32 %)  

 Median 1 (5 %)  

 Lower right 4 (18 %)  

 Lower left 4 (18 %)  

Lesion displacement in z (mm)  Median [range] 7.8 [0-27]  

SUV max Median [range] 4.3 [0.7-18.7] 
 
 

 

CT-4D Volume  Median [range] 2.94 [0.55-37.8] 

 

PET-4D Volume  Median [range] 3.31 [0.26-26.7] 

PET-3D Volume  Median [range] 2.12 [0.06-29.03] 

multi-RRA Volume  Median [range] 3.70 [0.78-33.3] 

 

Table 1 : patients and lesions characters. 
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Figure 3 shows an example of different segmentations of a median pulmonary 

nodule depending on the approach of reconstruction. 

 

 

 Figure 3: Segmentations of a median lung nodule with the different modalities and 

TEP reconstructions. 
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Figure 4 presents the distribution of the volumes for each modality and PET 

reconstruction. The 4 groups of measured volumes (4D-CT, 3D-PET, 4D-PET and 

multi-RRA) were significantly different (p<0.0001; Friedman). Comparison by 

pairs (Tukey-Kramer test) showed significant differences between 3D-PET and 

4D-PET volumes and also between 3D-PET and multi-RRA volumes (p<0.001 for 

every post test). There was no difference between 4D-CT and the PET 

volumes, whatever the reconstruction was, neither between 4D-PET and multi-

RRA volumes. 

 

 

Figure 4: graphic showing the volume dispersion in each modality or PET 

reconstruction. Red line presents the median value; blue ones, the minimum and the 

maximum. Stars show the significant differences. 

  

Bland-Altman graphs (Figure 5) allow the estimation of biases of the 

displacement volumes in comparison to the reference approach (4D-CT). 

Standard deviations were identical for the three groups (SD = 7 mL). As 

expected, displacement volume estimation was lower than the reference 

one (mean bias = -2.5 mL) whatever the PET reconstruction considered. 

Moreover, multi-RRA volume is slightly better than 4D-PET volume (mean bias: 



40 

 

-0.32 mL vs. -0.69 respectively). 

  

a 

b 
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c 

Figure 5: Bland-Altman graphs presenting the variations of volumes between each 

PET reconstruction and the reference 4D-CT volume. External red lines correspond to 

a distribution of differences of 2 SD. 5a: comparison between 4D-CT and 3D –PET. 5b: 

comparison between 4D-CT and 4D-PET. 5c: comparison between 4D-CT and multi-

RRA. 

 

The distributions of the topologic similarity indexes are presented in figure 6. 

No significant difference (Friedman test) was found between these indexes 

(p=0.92 for the Dice and the Jaccard indexes and p=0.11 for the Overlaps). 

However, we can notice that medians are even better with the multi-RRA 

reconstruction. This indicates that multi-RRA provides a more accurate 

estimation of extent and position of the lesions. We can also see that the 

dispersion of indexes is slightly wider for the 3D -PET reconstruction. 
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 a

b 

c 

Figure 6: Dispersion of indexes for each PET reconstruction (from the reference 

4D CT). Red line presents the median value; blue ones, the minimum and the 

maximum. 6a: Dice index. 6b: Jaccard index. 6c: Overlap fraction 
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Discussion 

  

In many studies, 4D-PET is shown to be better than 3D-PET for 

quantification and estimation of metabolic volume [26-27]. 

Furthermore, RRA method is of interest to improve quantification and 

diagnosis [24]. Here, we propose the extension of this method (multi PET 

reconstructions: multi-RRA) to improve the estimation of the BITV for 

radiotherapy ballistic. The aim of this work was to assess this method multi-

RRA, from a PET acquisition obtained in a short acquisition time.  To our 

knowledge, no publication did already describe this approach for 

radiotherapy planning. 

We showed that the multi-RRA volume was not significantly different from the 

reference (4D-CT). Moreover, its mean bias from the reference was low 

(-0.32 mL) and better than the biases measured for 4D-PET and 3D-PET. This 

result is in agreement with the one recently published by Riou et al [23], where 

4D-PET-CT was used to define BITV on hepatic lesions. But, in contrast to our 

study, acquisitions were recorded during 10 minutes.  

We did not found any statistical difference, neither between volumes nor 

between similarity indexes for multi-RRA and 4D-PET reconstructions, even if 

similarity indexes for multi-RRA trends to be slightly better. We assumed that 

the lack of significant difference is probably due to our limited number of 

lesions. 

 

The interest of 4D-PET was proved for diagnosis [22], but also for the ballistic 

of radiotherapy. However, 4D acquisitions usually need a significantly 

prolonged acquisition time (i.e. 16 minutes for 8 phases of 2 min) [23]. So, the 

interest of our method is to require a standard acquisition time (2 to 2.5 

minutes) while it provides the same information as 4D-PET. This advantage 

allows easily integrating our approach in a clinical routine. One major 

limitation of our methodology is the lost of information concerning the 

presence time of the lesion in each position, information required to perform 
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molecular imaging-based dose painting by numbers [28]. 

 

As a feasibility study, we limited this paper to restrictive inclusion criteria 

(hypermetabolic lesions, fairly small and potentially moving). Therefore, only 

22 lesions were analysed. In the same way, we restricted our work to in vivo 

lesions, which contains respiratory irregularities and uptake heterogeneities 

while a physical phantom is exempted from this drawback. 

 

The 4D-CT is the reference modality to establish the ITV. For these acquisitions, 

we used very low dose parameters (100kV, 10 mAs) to limit the patient 

exposure while preserving enough data for attenuation correction. 

Unfortunately, it leads to a significant degradation of the CT image quality. 

Our method would deserve to be compared to 4D-CT images, obtained with 

CT diagnostic set-up. 

The hardware used to record the respiratory signal (RPM, Varian Medical 

Systems, Paolo Alto, CA) only allows a gating based on respiratory frequency, 

while a gating based on the respiratory amplitude seems to be more suitable 

for patients with dyspnoea [29-30]. 

  

Regarding the metabolic volume segmentation, the fixed threshold methods 

remain questionable. These methods have been validated in phantom 

studies using symmetrical volumes, homogeneous activity distribution and 

sharp demarcation from background activity, as opposed to in vivo tumours. 

Fixed thresholds do not take into account the background activity in 

surrounding tissues. Given the variability in the thresholds reported in the 

literature [9], none of them can be considered as a standard, applicable to 

all patients and techniques [31]. The most reported segmentation method 

seems to be 40% threshold of the SUVmax. Wu et al. [32] observed a better 

correlation between pathologic diameter and metabolic volume obtained 

with a 50% threshold. Recently Hapdey et al. [16] showed on little mammary 

tumours with limited movement that a 50% threshold was also the closest to 

the pathologic volume. 
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This question of optimal threshold for moving lung lesion was not the aim of 

our study. However, the 50% threshold was not usable for all our 4D-PET 

reconstructions. We finally decided to apply a 40% threshold, which allowed 

us to compare paired groups. This threshold is probably not optimal in our 

study because we have a large variability in term of lesion size or uptake. 

Manuel or adaptive segmentations should have improved the segmentation 

for each tumour but it would have damaged the statistic results [33-34]. 

  

Regarding the number of respiratory phases for the gating, we tested 

topologic concordance between 4D-CT and Multi-RRA reconstruction when 

sampling in 3, 5 or 8 phases. The indexes improved along with the number of 

phases (figure 2) given more information about lesion displacement. As for 

multi-RRA, the same results were observed when we compared these indexes 

for 4D-PET. A posteriori, sampling the respiratory cycle with more than 8 

phases could be promising. But in contrast to the standard 4D-PET 

acquisitions, the whole count rate is used to reconstruct every phase with 

RRA. Nevertheless, the higher the number of phases, the longer the 

reconstruction time is, which could make clinical implementation difficult. 

  

Whereas our new multi-RRA approach seems to be interesting, image 

processing time is clearly too long to be routinely applicable (more than 2 

hours of manual processing per patient). This could be solved by algorithm 

automation and parallel calculation architecture. 
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Conclusion 

  

The aim of this study was to assess a new PET reconstruction method to 

evaluate BITV: Multi-RRA. We achieved to prove its interest. Indeed, volumes 

were not different from the reference 4D-CT and topologic similarity indexes 

were not different from 4D-PET reconstructions with a limited acquisition time. 
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Conclusion 
 

 
 
 

Les apports de l’imagerie moléculaire pour la radiothérapie sont un 
enjeu majeur et une thématique privilégiée dans le cadre d’une politique de 
médecine personnalisée. 

 
Grâce à cette étude sur modèle tumoral pulmonaire in vivo, nous 

avons pu montrer l’intérêt d’une nouvelle technique de reconstruction en TEP, 
permettant d’obtenir des données pseudo 4D, avec un temps d’acquisition 
limité, permettant sa diffusion dans la pratique clinique pour une utilisation en 
radiothérapie. 
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Résumé 
 
Introduction : La TEP-TDM au 18F-FDG est un outil de plus en plus utilisé pour la 
planification des volumes cibles pulmonaires en radiothérapie et son approche en 4 

dimensions parait très encourageante. L’objectif de ce travail est d’évaluer un 
nouvel algorithme de reconstruction : le Multi-RRA obtenu en 8 fois moins de temps 

qu’une acquisition TEP-TDM4D standard sur un modèle tumoral in vivo par rapport à 
la référence (TDM-4D) et les autres reconstructions TEP (3D et 4D). 

 
Matériels et méthodes : Les acquisitions TEP, synchronisées selon 8 phases à la 
respiration ont été réalisées chez des patients présentant une lésion pulmonaire 

potentiellement mobile. Différents volumes tumoraux ont été segmentés en utilisant 
différentes reconstructions obtenues des données en mode liste (TDM4D, la 

référence, TEP3D, TEP4D et TEP multiRRA) et comparés entre eux. De plus, les indices 
de similarité topologiques (Dice, Jaccard et Overlap) par rapport à la référence ont 

également été comparés.  
 
Résultats : 22 lésions ont été évaluées chez 18 patients. Le volume obtenu grâce à la 

méthode multiRRA n’était pas significativement différent du volume de référence 
mesuré par la TDM-4D (3,70 mL [0,78-33,3] vs 2,94 mL [0,55-37,8]). En outre, son biais 

moyen avec la référence était faible (-0,32 mL) et meilleur que le biais moyen 
obtenu par les deux autres approches (TEP4D : -0,69mL et TEP3D : -2,5 mL). En 

revanche, notre analyse statistique des volumes de déplacement n’a retrouvé 
aucune différence significative entre les reconstructions TEP-4D et multi-RRA. De la 
même manière, les indices de similarité de l’approche multi-RRA sont légèrement 

mais non statistiquement meilleurs que ceux du TEP-4D.  
 
Conclusion : Cet algorithme de reconstruction multi-RRA parait être un outil 
intéressant en termes d’informations délivrées proches de celles délivres par la TEP4D 

pour un temps d’acquisition significativement moindre. Une mise en application en 
routine clinique est envisageable sous couvert d’une automatisation importante des 

reconstructions. 
 
 

Mots clés : 18F-FDG, TEP-TDM, cancer pulmonaire, synchronisation respiratoire, 
radiothérapie 

 


