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A Theo, à la foi empli de sagesse et de folie, j'aime chaque moment à tes côtés, que ce soit dans des conversations d'astrophysique ou quand tu cours dans la fosse d'un concert dans un festival. Merci pour ces souvenirs inoubliables, j'ai hâte de remanger à l'Origan avec toi.

A Charles, pour m'avoir accompagné depuis le lycée, dommage que nos chemins se soient séparés, j'aimerais beaucoup te revoir mon frérot.

A Elias, merci pour ces moments de rigolade. Le roi des bons plans (#Dour).

A Cloé, même si on s'est connus par l'intermédiaire de Jules, tu es une véritable amie et sache que je te considère dorénavant comme une personne à part entière.

A Mathilde, la reine des boulettes, j'ai adoré la période où on était colocs, ne change rien. Promis un jour je viendrai à la cave pour un afterwork.

A Sarah, championne mondiale du blind test, j'ai beaucoup appris à tes côtés, merci pour ces bons moments.

A Charlotte, au caractère bien trempé, voire très bien trempé, merci pour ces moments, notamment à Dour. Bisous à Gnocchi.

A Paola, que je connais depuis le lycée. C'est toujours un plaisir de t'entendre raconter tes anecdotes et de travailler de temps en temps avec toi .

A Jean, la force tranquille, tu me régales merci pour ces bons moments et merci de rigoler à la plupart de mes blagues, c'est important.

A Michou, le roi des bons plans, c'est grâce à toi que j'ai réussi à avoir la playstation 5 et je t'en remercie.

A Antonin, mon ami depuis le collège, même si on s'envoie pas de messages, on se voit dès que tu reviens par chez nous et c'est comme si on ne s'était jamais quittés.

A Louis et Francois, même si on se voit pas trop souvent en ce moment, vous restez importants pour moi.

A mes amis de l'internat :

A A Anthony, merci pour ce semestre à Nimes, t'es beau, t'es fort en os et en plus t'es drôle, laisse tomber tu m'énerves en fait.

A JB, je me rappellerai toujours de ce Montpellier-Nimes en 20min quand on était en retard. J'ai beaucoup aimé ce semestre avec toi, même si tu m'as fait comprendre que je pouvais raconter des bêtises parfois.

A Saucerotte, la force tranquille, c'était un honneur d'être un de tes premiers co-internes.

A Ancelin, tu fais partie des plus belles rencontres de mon internat, merci d'avoir géré le planning en Radiopedia et de nous avoir triple postés pour avoir 3 off.

A Rojo, c'est un plaisir de t'avoir eu comme chef à Nimes, je ne t'ai jamais vu devant un ordi mais nos rencontres dans le couloir sont toujours incroyables. Désolé de t'avoir réveillé à 5h sur tes astreintes, mais c'était pour ton bien.

A Maciej, et ses plateaux repas pour 3 personnes.

A Caroll, toujours un plaisir de faire un semestre avec toi, j'en apprends beaucoup sur la cuisine et l'écologie grâce à toi.

A Nico, on a fait qu'un stage ensemble malheureusement, c'était cool, merci de nous avoir représenté en tant que référent.

A Chloé, et son caractère bien trempé, merci pour ces deux semestres, par contre tu peux arrêter de m'appeler chaton je vais être docteur maintenant.

A FL, qui a l'air bien fatigué à cause de son petit bout, je t'attends sur Overwatch.

A Satcha, de très bons souvenir de ce semestre à Nimes avec toi, toujours très pertinent et avec un humour caustique, que du plaisir.

A Thomas, j'espère que tu as appris à prendre des douches plus courtes, félicitations pour ta thèse.

A Charette, une copine depuis la fac, merci pour tout et merci de m'avoir débarrassé de mon scooter.

A Philippe, peu importe où je passe j'entends toujours du bien de toi, et malheureusement je n'ai pas encore eu la chance de faire un stage avec toi.

Félicitations pour ta thèse et désolé de ne pas avoir pu me libérer pour le pot.

A Renaud, parfois très intelligent, parfois aussi lourd que Bigard, merci pour tout.

A Malek et Maeliss, merci pour ces plusieurs semestres partagés.

A Thorgal, merci pour ce quart de semestre à GdC et merci pour les clopes je te les rendrai promis.

A Pierre Julien, t'étais tout jeune quand on était ensemble à Nimes, et pourtant si perspicace, tu seras un grand radiologue.

A Hugo, mon poulain, toujours prêt à rigoler et à chanter pendant les vacations, tu me régales. Par contre j'essaierai plus de te présenter une fille, trop de déceptions.

A Laurie Anne, merci de nous représenter en tant que référente.

Aux autres des promos 2019, 2020 et 2021, avec lesquels je n'ai pas eu la chance de partager un stage, merci pour l'ambiance générale de la radio à

Montpellier, c'est parce que vous faites partie des meilleurs de l'internat que vous êtes là et cela se ressent.!

ADV :

A Hélène, merci pour ces enseignements en diagnostic et en interventionnel, c'était une chance de travailler à vos côtés.

A Sébastien, merci de ne pas m'avoir laissé le choix en interventionnel, car j'ai compris que c'était comme ça qu'on apprenait le mieux. Merci pour les vacations de 3000 TAP, j'ai beaucoup progressé en gestion du temps et du stress.

A Hamid, pour ces moments de rigolade et ton enseignement.

A Valérie, pour ton énergie débordante.

A Juliette, je n'ai pas eu la chance de beaucoup travailler avec toi malheureusement.

A Antoine, c'est quand le prochain apéro radio ?

GDC :

Merci 

Perpignan :

Merci à toute l'équipe pour ce semestre où j'ai beaucoup appris notamment en interventionnel.

A Geoffroy, c'était un honneur de bénéficier de ton enseignement, toujours 

Clinique Beausoleil :

Merci pour ce premier semestre formateur qui m'a permis de confirmer mon envie de faire de la radiologie.

Merci à Muriel, pour ta compétence et ta patience.

Merci à Julie C, pour m'avoir beaucoup appris sur l'imagerie digestive, pour les cafés et les cigarettes. C'est toujours un plaisir de te recroiser.

Merci aux osseux, Benjamin et Fabrie, même si je n'ai pas fait beaucoup de vacation avec vous.

Merci à Julie B pour ta gentillesse, tu m'as beaucoup appris.

Merci à Florian, mon voisin, qui m'a permis d'approcher la neuroradiologie malgré mon jeune âge au moment du stage. Merci à Sylvia, pour ta pédagogie mais aussi les bons moments passés en vacation.

Lap Mou :

Je suis impatient de venir au prochain semestre et de bénéficier de vos enseignements.

A Ingrid, c'est une chance de vous avoir comme responsable de notre filière.

A Caroline, pour m'avoir donné le gout de la radiologie, quand je suis passé en radiopediatrie lors de mon externat.

Merci à toute l'équipe que je n'ai pas la chance de connaître encore.

Lap Os :

Même si je n'ai pas encore eu la chance de passer dans votre service, merci à Catherine, Yann, Marie Pierre, Arthur et William.

A William, qui a partagé son dernier semestre d'interne avec moi en radio pédiatrie, c'était un honneur et un plaisir de travailler avec toi. 

Results:

Sixty four patients were reviewed, 33 with bowel occlusion (mean age 65 +/-20 yo) and colitis (mean age 49+/-22 yo).

The maximum CNR value was observed at 60 keV in the 2 groups with respectively no significant difference between the different levels except between 70 and 60 keV (-4.7% and p<0.05) for bowel occlusion and significant difference with 40 and 70 levels for colitis..

The subjective evaluation showed a superiority of 60keV images compared to the others mono energetic levels and mixed images for all criterions.

Inter-observer agreement for the analysis of the different criteria showed a kappa of 0.95 for noise, 0.89 for smoothing, 0.88 for overall quality, 0.91 for diagnostic quality and 0.99 for diagnostic confidence.

Conclusions:

60keV seems to be the most suitable mono energetic level for analyzing the digestive tract since subjective evaluation found less noise and better appreciation of image quality and objective evaluation found a maximum CNR.

Keywords: Dual Energy CT; Virtual monoenergetic images; Abdomen;

Digestive tract; Emergency

Introduction

During the last ten years, dual energy CT (DECT) has seen its applications and its use grow particularly for abdominal region (1). This technique is based on the use of two spectra of X-rays, one at low energy and other at high energy. These spectra are used by material decomposition algorithms to characterize tissues according to two or three basic materials including those with a low atomic number (e.g., water) and those with a high atomic number (e.g., iodine) (1,2).

Most manufacturers now offer scanners capable of obtaining dual-energy images using different acquisition or detection techniques with different performances [START_REF] Papadakis | Fast KVp-Switching Dual Energy Contrast-Enhanced Thorax and Cardiac CT: A Phantom Study on the Accuracy of Iodine Concentration and Effective Atomic Number Measurement[END_REF][START_REF] Greffier | Performance of Four Dual-Energy CT Platforms for Abdominal Imaging: A Task-Based Image Quality Assessment Based on Phantom Data[END_REF][START_REF] Jacobsen | Intermanufacturer Comparison of Dual-Energy CT Iodine Quantification and Monochromatic Attenuation: A Phantom Study[END_REF]. One of them is the dual source CT (DSCT) with two X-ray tubes associated to two detectors mounted orthogonally (90° or 95° depending on the generation) [START_REF] Greffier | Impact of Dose Reduction and the Use of an Advanced Model-Based Iterative Reconstruction Algorithm on Spectral Performance of a Dual-Source CT System: A Task-Based Image Quality Assessment[END_REF]. Each tube deliver one kVp, tube « A » for low kVp (100 kVp) and tube « B » for high kVp (140kVp) associated to tin filter. Several type of images are generated, in addition to the low kVp and high kVp images that can be viewed separately, mixed images are also generated from low and high kVp images to produce images equivalent to that of a conventional acquisition at 120 kVp. Virtual monochromatic images (VMIs) are calculated as a linear combination of the basis material images using attenuation coefficients that approximate the energy dependence of the photoelectric and the Compton effects [START_REF] D'angelo | Dual energy computed tomography virtual monoenergetic imaging: technique and clinical applications[END_REF] . These images are useful for improving iodine contrast, using low energy level values (40 to 70 keV) and reducing image artifacts with high energy level values [START_REF] Jagoda | Comparison of Metal Artifact Reduction in Dual-and Single-Source CT: A Vertebral Phantom Study[END_REF]. Material specific images are generated such as iodine maps to quantify iodine concentration in lesions [START_REF] Dabli | Optimization of Image Quality and Accuracy of Low Iodine Concentration Quantification as Function of Dose Level and Reconstruction Algorithm for Abdominal Imaging Using Dual-Source CT: A Phantom Study[END_REF][START_REF] Yu | Dual-Energy CT-Based Monochromatic Imaging[END_REF][START_REF] Lourenco | Dual-Energy CT Iodine Mapping and 40-KeV Monoenergetic Applications in the Diagnosis of Acute Bowel Ischemia[END_REF][START_REF] Potretzke | Early Small-Bowel Ischemia: Dual-Energy CT Improves Conspicuity Compared with Conventional CT in a Swine Model[END_REF]. Finally, virtual non constrast (VNC)

images could be generated to obtain images virtually without iodine. These images are still evaluated inferior for some indications (13) but presents similarity to traditional non contrast acquisitions, for example for characterization of adrenal incidentalomas [START_REF] Ananthakrishnan | Spectral Detector CT-Derived Virtual Non-Contrast Images: Comparison of Attenuation Values with Unenhanced CT[END_REF][START_REF] Virarkar | Virtual Non-Contrast Imaging in The Abdomen and The Pelvis: An Overview[END_REF].

Several studies have demonstrated the interest value of dual energy acquisitions and their post-processing reconstruction, particularly for vascular or oncological analysis [START_REF] Leithner | Virtual Monoenergetic Imaging and Iodine Perfusion Maps Improve Diagnostic Accuracy of Dual-Energy Computed Tomography Pulmonary Angiography With Suboptimal Contrast Attenuation[END_REF][START_REF] Albrecht | Assessment of an Advanced Monoenergetic Reconstruction Technique in Dual-Energy Computed Tomography of Head and Neck Cancer[END_REF]. Optimization of iodine attenuation also allows the injection of less contrast medium, which is beneficial in patients with renal or cardiac insufficiency [START_REF] Noda | Advantages and Disadvantages of Single-Source Dual-Energy Whole-Body CT Angiography with 50% Reduced Iodine Dose at 40 KeV Reconstruction[END_REF] Several studies on phantoms sowed that VMIs are associated with an increase of CNR (1) and detectability [START_REF] Greffier | Impact of Dose Reduction and the Use of an Advanced Model-Based Iterative Reconstruction Algorithm on Spectral Performance of a Dual-Source CT System: A Task-Based Image Quality Assessment[END_REF][START_REF] Greffier | Impact of Four KVp Combinations Available in a Dual-Source CT on the Spectral Performance of Abdominal Imaging: A Task-Based Image Quality Assessment on Phantom Data[END_REF].

Most of the studies concerning abdominal and pelvic applications of DECT were devoted to the detectability and characterization of solid organ lesions, in particular hepatic [START_REF] Robinson | Dual Source Dual Energy MDCT: Comparison of 80 KVp and Weighted Average 120 KVp Data for Conspicuity of Hypo-Vascular Liver Metastases[END_REF], renal [START_REF] Mileto | Dual-Energy MDCT for Imaging the Renal Mass[END_REF] or pancreatic [START_REF] Macari | Dual-Source Dual-Energy MDCT of Pancreatic Adenocarcinoma: Initial Observations with Data Generated at 80 KVp and at Simulated Weighted-Average 120 KVp[END_REF].

But few studies have been devoted to the diagnostic contribution of dualenergy CT in the context of emergency pathologies and in spite of the potential of DECT, its applications are little or not used by physicians [START_REF] Punjabi | Multi-Energy Spectral CT: Adding Value in Emergency Body Imaging[END_REF][START_REF] Yeh | Dual-Energy and Low-KVp CT in the Abdomen[END_REF].

The purpose of this study was to compare the objective (noise, contrast and CNR) and subjective (noise, smoothing, overall image quality and diagnostic quality) image quality of four monoenergetic levels of VMIs and mixed images obtained with DECT. This, in order to determine the most suitable image type for the the digestive tract in context of emergency pathologies.

Materials and methods

Design and study population

Data of all adult patients who received a portal time-injected abdominal-pelvic CT scan in dual-energy mode on the dedicated emergency double-tube scanner between February 2019 and February 2020 were screened from the Dosimetry Archiving and Communication System (DACS).

A retrospective analysis of the reports was performed to identify pathologic CT with pathology visualized on portal acquisition. All pathologic CTs have been verified thereafter. Patients with a pathology of the digestive tract and with a total number of patients greater than or equal to 30 over the study period were included (except for diverticulitis and appendicitis). Two indications were included in the study: intestinal obstruction and colitis. Figure [START_REF] Lestra | Applications of Dual Energy Computed Tomography in Abdominal Imaging[END_REF] shows the flowchart for the selection of the included patients.

Acquisition and reconstruction parameters

The CT acquisitions were performed on a SIEMENS Somatom Force Dual-Source scanner equipped with the latest generation of ADMIRE (Advanced modeled iterative reconstruction) algorithm. The acquisitions were performed at portal time by injecting 90 ml of Xenetix 300 contrast medium at a flow rate of 2 or 3 ml/s.

The portal acquisitions were performed using the voltage couple 100/Sn150 kVp, a rotation time of 0.5 s, a pitch of 0.6 and a collimation of 128x0.6 mm. Intensity modulation was enabled (CareDose4D) with a reference effective charge (mAsref) of 190 mAs on tube A and 95 mAs on tube B.

Images were reconstructed using a soft kernel (Br40), a slice thickness of 1 mm, and a slice interval of 1 mm with level 3 of the ADMIRE algorithm (A3). Mixed images were generated with a weighting factor of 0.8 as well as single-energy virtual images (VMI) at 4 energy levels 40, 50, 60 and 70 keV.

Dosimetric analysis

CTDIvol values expressed for a 32-cm IEC phantom and PDL were collected on the DACS. In the absence of patient weights and heights, a dose estimation taking into account the morphology of the patients (SSDE) was performed according to the method of AAPM 204 [START_REF] Burton | Evaluation of AAPM Reports 204 and 220: Estimation of effective diameter, waterequivalent diameter, and ellipticity ratios for chest, abdomen, pelvis, and head CT scans[END_REF]. For this, the effective diameter (Diameff) was calculated for each patient according to the formula below:

With : Diam_AP the diameter of the abdomen according to the anteroposterior incidence and Diam_LAT the diameter of the abdomen according to the lateral incidence. The SSDE was calculated using formula below: with f a correction factor according to the extract from Table 1 of the AAPM 204 report.

The mean values of CTDIvol , PDL and SSDE were calculated for each indication. The mean values of CTDIvol and PDL were compared to the diagnostic reference levels (DRL) and guidance reference level (GRL) of the order of 23/05/2019 [START_REF]Arrêté du 23 mai 2019 portant homologation de la décision n° 2019-DC-0667 de l'Autorité de sûreté nucléaire du 18 avril 2019 relative aux modalités d'évaluation des doses de rayonnements ionisants délivrées aux patients lors d'un acte de radiologie, de pratiques interventionnelles radioguidées ou de médecine nucléaire et à la mise à jour des niveaux de référence diagnostiques associés[END_REF].

Objective evaluation of image quality.

For each patient and each type of images (mixed or VMI), the HU and noise values (with their standard deviation) were measured on the images by placing a region of interest (ROI) of 1 cm² surface with the SyngoVia software.

A ROI was placed on the pathological area of the digestive tract (occlusion or colitis) and another in the background (fat). The value of the contrast to noise ratio (CNR) was calculated for each image using the formula below: CNR = (HU digestive wall -HU fat) / SD fat with SD = standard deviation of subcutaneous fat representing the imagenoise.

The contrast to noise ratio values were compared between the different images for each indication.

Subjective evaluation of image quality

The quality of mixed and VMI images at the 4 single-energy levels was evaluated by two radiologists, one experienced (more than 5 years of experience) and one junior (less than 5 years of experience). Both radiologists were blinded to the type of image during the evaluation. Images were scored on 4 image quality criteria according to a scale described in Table [START_REF] Lestra | Applications of Dual Energy Computed Tomography in Abdominal Imaging[END_REF].

For each indication, the mean value of the scores of each VMI image were compared with the score of the mixed images. The diagnostic quality of images completed the criterion of pure global image quality only based on noise level and smoothing. An image may be judged to have low overall quality but sufficient to make the diagnosis. A score of less than 3 on this criterion indicates that the image is not clinically usable.

Statistical analysis

Statistical analyses were performed for each indication using theGMRC Shiny Stat. The overall agreement between the scores of the two radiologists was calculated with the Cohen's Kappa test and classified as poor 1.4Results

1.4.1Study population

Table [START_REF] Jacobsen | Dual-Energy CT: Lower Limits of Iodine Detection and Quantification[END_REF] shows the description of the patient population included for both pathologies.

Patients with intestinal obstruction were of mean age 65 years ± 20. (range from 18 to 95 years). 51.5% of the patients were women. 75,5% of patients were referred for a clinical obstructive syndrome (gas and material obstruction, abdominal meteorism, vomiting, etc.). The other patients (24,5%) were referred for, epigastric pain, abdominal pain and hypotension, non-systematized pain, abdominal pain without signs of occlusive syndrome. Finally, 48.5% of the patients were hospitalized and 51.5% were referred by the emergency department.

Patients with colitis were of mean age 49 years ± 22.Women represented 51.6% of the patients. Among these patients, 74.2% presented with abdominal pain or tenderness. Other symptoms observed were diarrhea (38.7%), fever (29%), biological inflammatory syndrome with or without fever (38.7%) and patients with rectal bleeding or septic shock (12.9%). The emergency department referred the majority of the patients included.

Dosimetric analysis

Table ( 3 ) shows the results of the dosimetric data for the two groups of patients. The mean CTDIvol and PDL values were lower than the DRL value(13 mGy and 625 mGy*cm, respectively) and GRL (11 mGy and 525 mGy*cm) for an abdomen-pelvis examination.

The mean CTDIvol for obstruction examinations was significantly higher than that for colitis (+34.2%±1.5). Similar results were observed for DLP (40.4% ±1.3), SSDE (9.5% ±1.3), and effective diameter (18.9% ± 5.1).

The difference between the CTDIvol and SSDE was higher for patients with colitis (37.5%) than for patients with obstructions(12.3%).

Objective evaluation of image quality

Figure [START_REF] Jacobsen | Dual-Energy CT: Lower Limits of Iodine Detection and Quantification[END_REF] represents the variation of noise, contrast and CNR as function of the single energy levels and for mixed images for the two groups.

For patients with obstructions, the noise and contrast decreased significantly as function of energy level from 40 to 70 keV (-47.2% and -56.3% respectively) and was similar between 70 and the mixed images (6.5% with p = 0,53 for noise and 0.9% with p = 0.36 for contrast). The maximum CNR value was observed at 60 keV but no significant difference was observed between the different energy levels except between 70 and 60 keV (-4.7% and p<0.05). No significant difference was observed between the singleenergy levels and the mixed images (mean difference of 2.2%±1.2).

Similar results for noise and contrast were found for colitis with a decrease in noise and contrast between 40 and 70 keV of -50.4% and -56.2% respectively. Noise and contrast were similar between 70 keV and the mixed images (11.2% and 5.7%). For CNR, the maximum value for VMIs was observed at 60 keV but the difference was only significant with 40 and 70 keV levels. The difference between VMIs and mixed images was significant for all single-energy levels with an average difference of -6.6% ±4.1.

Subjective evaluation of image quality

Concordance

The results showed a good inter-observer agreement for the analysis of the different criteria with a calculated kappa index of 0.95 for noise, 0.89 for smoothing, 0.88 for overall quality, 0.91 for diagnostic quality and 0.99 for diagnostic confidence

Noise

The variation of the mean noise score for both pathologies are depicted on For patient with colitis, similar results were found with the maximum score at 60 keV and no significant difference between mixed images and 70 keV level score (p=0.066).

Smoothing

Figure [START_REF] Greffier | Performance of Four Dual-Energy CT Platforms for Abdominal Imaging: A Task-Based Image Quality Assessment Based on Phantom Data[END_REF] shows the smoothing image score for the two groups.

For obstruction the maximum smoothing score was reported at 60 keV. It increased significantly between 40 and 60 keV and decreased significantly at 70 keV. The mixed image score was significantly higher than for images at 40, 50 and 70 keV but not significant for 60 keV (p = 0.119).

For colitis , similar results were observed with the maximum score at 60 keV and no significant difference between the mixed images and 60 keV level score (p=0.888).

Overall quality

Figure [START_REF] Jacobsen | Intermanufacturer Comparison of Dual-Energy CT Iodine Quantification and Monochromatic Attenuation: A Phantom Study[END_REF] shows the global image quality scores as function of the energy levels and mixed images.

For the two groups, the maximum score for global image quality was observed at 60 keV. It increased significantly from 40 to 60 keV and significantly decreased at 70 keV. The mixed image score was significantly lower than the score at 60 keV and significantly higher that at 40 and 50 keV, except for colitis where the difference was not significant at 50 keV (p=0.162). The difference between mixed images and images at 70 keVwas not significant for the two groups.

Diagnostic quality

Figure [START_REF] Greffier | Impact of Dose Reduction and the Use of an Advanced Model-Based Iterative Reconstruction Algorithm on Spectral Performance of a Dual-Source CT System: A Task-Based Image Quality Assessment[END_REF] depicts the score of diagnostic quality according to the energy levels for both VMIs and mixed images. Examples of quality and attenuation differences are shown on figure [START_REF] D'angelo | Dual energy computed tomography virtual monoenergetic imaging: technique and clinical applications[END_REF] for colitis, liver on figure [START_REF] Jagoda | Comparison of Metal Artifact Reduction in Dual-and Single-Source CT: A Vertebral Phantom Study[END_REF] and intestinal obstruction on figure [START_REF] Dabli | Optimization of Image Quality and Accuracy of Low Iodine Concentration Quantification as Function of Dose Level and Reconstruction Algorithm for Abdominal Imaging Using Dual-Source CT: A Phantom Study[END_REF].

All p-values are shown on table ( 4 ) for patients with intestinal obstruction and table [START_REF] Jacobsen | Intermanufacturer Comparison of Dual-Energy CT Iodine Quantification and Monochromatic Attenuation: A Phantom Study[END_REF] for patients with colitis.

Discussion

In The results showed that the maximum CNR was observed on VMI images at 60 keV compared to other VMI images and mixed images but without statistical significance. The subjective evaluation showed that the 60 keV VMI images had the best noise, smoothing, overall quality and diagnostic quality scores with a significant difference compared to the other images except for the smoothing between 60 keV and mixed images which was considered similar for both pathologies.

The CTDIvol results showed that the average CTDIvol and PDL of the acquisitions were lower than the DRL and GRL [START_REF]Arrêté du 23 mai 2019 portant homologation de la décision n° 2019-DC-0667 de l'Autorité de sûreté nucléaire du 18 avril 2019 relative aux modalités d'évaluation des doses de rayonnements ionisants délivrées aux patients lors d'un acte de radiologie, de pratiques interventionnelles radioguidées ou de médecine nucléaire et à la mise à jour des niveaux de référence diagnostiques associés[END_REF]. This reflects optimized practices and protocols in Dual-energy CT as well as conventional CT acquisitions. The mean CTDIvol of intestinal obstruction patients was significantly higher than that of colitis patients. This is essentially due to patients corpulence. Indeed, in the absence of the weight and height of the patients, the calculation of the effective diameter shows that patients with intestinal obstruction had a significantly higher Deff than that of the colitis. The use of the intensity modulation system therefore increases the mAs for these patients in order to maintain sufficient image quality. This is also confirmed by the difference observed between the SSDE and CTDIvol which was lower for occlusions compared to colitis (37%) because of an effective diameter (26.77 cm) further from the diameter of the standard dosimetry phantom (32 cm) compared to the occlusions case (31.83).

Concerning the objective evaluation of the images, a decrease in iodine contrast and noise when the monoenergetic level increased was observed.

This result is equivalent to that reported in several studies on phantom and patients [START_REF] Booij | Assessment of Iodine Contrast-To-Noise Ratio in Virtual Monoenergetic Images Reconstructed from Dual-Source Energy-Integrating CT and Photon-Counting CT Data[END_REF][START_REF] Kang | Value of Virtual Monochromatic Spectral Image of Dual-Layer Spectral Detector CT with Noise Reduction Algorithm for Image Quality Improvement in Obese Simulated Body Phantom[END_REF]. This behavior is explained by the strong attenuation of low keV X-rays due to the increased contribution of the photoelectric effect.

This increases the contrast between the iodine and the surrounding tissue at low keV but also increases the noise. The difference in contrast and noise between the VMIs at 70 keV and the mixed images was not significant. This can be explained by the fact that the 70 keV energy is close to the average energy of the X-ray spectrum of a conventional acquisition at 120 kVp represented by the mixed images in this case. Nevertheless, the comparison of the CNRs showed a trend toward a maximum value at 60 keV but the differences were not significant between the different monoenergetic levels and between these levels and the mixed images. This result is different from those reported in several phantom studies showing a maximum CNR at 40 keV and a decrease with monoenergetic levels [START_REF] Tao | Improving Iodine Contrast to Noise Ratio Using Virtual Monoenergetic Imaging and Prior-Knowledge-Aware Iterative Denoising (Mono-PKAID)[END_REF]. However, other patient studies have also reported a non-significant difference in CNR between monoenergetic levels on VMIs [START_REF] Dabli | Optimization of Image Quality and Accuracy of Low Iodine Concentration Quantification as Function of Dose Level and Reconstruction Algorithm for Abdominal Imaging Using Dual-Source CT: A Phantom Study[END_REF][START_REF] Patino | Virtual Monochromatic Dual-Energy Aortoiliac CT Angiography With Reduced Iodine Dose: A Prospective Randomized Study[END_REF]. Indeed, the inter-patient variability makes this observation more complex compared to the phantom which is standardized and fixed without movements. Indeed, the decrease in contrast when the monoenergetic level increases is compensated by the decrease in noise in the same proportions.

The results of the subjective evaluation showed that the noise score increased between 40 and 60 keV and then decreased at 70 keV. The score for those levels were similar to that of the mixed images. These results are consistent with the objective noise assessment except between 60 and 70 keV where the objective noise difference showed lower noise. For image smoothing, the radiologists considered the best noise texture to be on the 60 keV images for VMIs and for both pathologies and no significant difference was observed between these images and the mixed images. This result is equivalent to that reported by Greffier et al [START_REF] Greffier | Impact of Dose Reduction and the Use of an Advanced Model-Based Iterative Reconstruction Algorithm on Spectral Performance of a Dual-Source CT System: A Task-Based Image Quality Assessment[END_REF] who found an increase in the average frequency of the noise spectrum between 40 and 60 keV and then a decrease at 70 keV which reflects a finer noise texture. The best overall image quality (compromise between noise and smoothness) was observed on the VMIs at 60 keV for both pathologies. This score reflects the best compromise between noise and smoothing for the visualization of intestinal obstruction and colitis. Several studies have reported similar results for other abdominal pathologies in patients [START_REF] Hokamp | Assessment of Arterially Hyper-Enhancing Liver Lesions Using Virtual Monoenergetic Images from Spectral Detector CT: Phantom and Patient Experience[END_REF][START_REF] Mcnamara | Multireader Evaluation of Lesion Conspicuity in Small Pancreatic Adenocarcinomas: Complimentary Value of Iodine Material Density and Low KeV Simulated Monoenergetic Images Using Multiphasic Rapid KVp-Switching Dual Energy CT[END_REF][START_REF] Patel | Energy-Specific Optimization of Attenuation Thresholds for Low-Energy Virtual Monoenergetic Images in Renal Lesion Evaluation[END_REF][START_REF] Martin | Noise-Optimized Virtual Monoenergetic Dual-Energy Computed Tomography: Optimization of Kiloelectron Volt Settings in Patients with Gastrointestinal Stromal Tumors[END_REF]. In addition, similar results were observed in a phantom study using advanced image quality metrics including detectability index (34) on the same DECT platform. This study showed that detectability was maximal at 70 keV for lesions simulated with blood+iodine contrast at 2 mg/mL. The difference observed between this phantom study and the results of our study can be explained by a higher contrast of iodine in occlusions and colitis compared to the simulated contrast in the study.

The diagnostic quality was also judged better at 60 keV compared to the other monoenergetic levels and compared to the mixed images. These were judged to be equivalent to those of the VMIs at 70 keV. Some of the VMI images at 40 and 50 keV were judged to be of insufficient diagnostic quality (24% of patients at 40 keV and 12% at 50 keV for occlusions and 13% and 3% respectively for colitis). The trade-off between noise and smoothing associated with image aspects, clear visualization of edges and structures of diagnostic interest thus justified the better quality on VMIs at 60 keV compared to other monoenergetic levels and mixed images.

Thus, several studies have reported the interest of low-energy VMIs in enhancing the contrast of iodine and consequently improving the visualization of enhanced lesions, particularly in the abdominal region. The monoenergetic levels reported vary between 40 and 70 keV for different abdominal pathologies [START_REF] D'angelo | Dual energy computed tomography virtual monoenergetic imaging: technique and clinical applications[END_REF]. However, the increase in noise at low keV limits the use of VMIs in certain cases. It is therefore important to adapt the monoenergetic level according to the clinical objective (pathology, iodine contrast, ..).

Moreover, studies evaluating the performance of different dual-energy CT (DECT) platforms have shown that the optimal monoenergy level may differ from one platform to another for the same clinical task [START_REF] Greffier | Performance of Four Dual-Energy CT Platforms for Abdominal Imaging: A Task-Based Image Quality Assessment Based on Phantom Data[END_REF][START_REF] Jacobsen | Intermanufacturer Comparison of Dual-Energy CT Iodine Quantification and Monochromatic Attenuation: A Phantom Study[END_REF][START_REF] Dabli | Optimization of image quality and accuracy of low iodine concentration quantification as function of kVp pairs for abdominal imaging using dual-source CT: A phantom study[END_REF][START_REF] Sellerer | Dual-Energy CT: A Phantom Comparison of Different Platforms for Abdominal Imaging[END_REF] .

This study allowed us to propose the optimal monoenergy level for the visualization of digestive occlusions and colitis on the 3rd generation dual source CT platform. Beyond the improvement of the image quality, the definition of this level allows to optimize the DECT image workflow by generating VMIs at 60 keV systematically for the examinations concerning occlusions and colitis.

Finally, this study has some limitations, the first of is the monocentric aspect making the generalization of these results to all centers difficult. The study concerns a single scanner model and the analysis was done retrospectively. Finally, the absence of patient's weight and height is also a limitation but this was compensated for by the calculation of the SSDE.

Conclusions

Our study showed the interest of using VMIs on the evaluation of intestinal obstruction and colitis in the emergency setting. The use of the monoenergetic level of 60 keV could allow a better image quality in terms of noise, image texture and diagnostic quality than the other monoenergetic levels and mixed images. ). Among them, 535 were pathological using DE on portal acquisition, including 213 digestive pathologies (except diverticulitis and appendicitis) Among these patients, 33 had gastrointestinal obstruction and 31 had colitis and were included in the study for a total of 64 patients. 
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Figure ( 1 )

 1 below shows an example of the measurement of the AP and Lat diameters.

(

  κ=0.00-0.20), low (κ=0.21-0.40), moderate (κ=0.41-0.60), good (κ=0.61-0.80), or excellent (κ=0.81-1.00). The mean contrast to noise ratio values and the mean score values of each image quality criterion of the VMIs were compared with the score of the mixed images using the Mann-Whitney U test for paired sample.

Figure ( 3 )

 3 Figure[START_REF] Papadakis | Fast KVp-Switching Dual Energy Contrast-Enhanced Thorax and Cardiac CT: A Phantom Study on the Accuracy of Iodine Concentration and Effective Atomic Number Measurement[END_REF]. For patient with obstruction the maximum noise score was

For

  obstructions, the maximum diagnostic image quality score was obtained at 60 keV. It increased significantly between 40 and 60 keV and decreased significantly compared to 70 keV and to mixed images. The mixed images score was significantly higher than 40 and 50 keV energy levels scores but similar than 70 keV level (p=0.459). The number of images scored ≥ 3 was 25, 29, 33, 33 and 33 at 40, 50, 60, 70 and on mixed images respectively. For colitis, the maximum score was at 60 keV as well. The difference with the other monoenergetic levels was significant. The difference between VMIs and mixed images was not significant at 50 keV (p=0.190) and 60 keV (p=0.663). The number of images scored ≥ 3 was 27, 30, 31, 31 and 31 at 40, 50, 60, 70 and on mixed images respectively.

  this study, an objective and subjective comparison of image quality of VMIs at 40, 50, 60 and 70 keV as well as mixed images generated by the Dual-source CT platform for the diagnosis of intestinal obstruction and colitis in the emergency setting was performed. The images of 64 patients were analyzed by measuring noise, contrast and calculating CNR and a subjective evaluation by two radiologists of noise, smoothing, overall quality (noise+smoothing) and diagnostic quality was performed.

Figure 1 :

 1 Figure 1 : AP and LAT mesures, to determine effective diameter and SSDE.

Figure 2 :

 2 Figure2: Flow chart 1527 CT were performed in dual energy in our Department during the study period (February 2019, February 2020). Among them, 535 were pathological using DE on portal acquisition, including 213 digestive pathologies (except diverticulitis and appendicitis) Among these patients, 33 had gastrointestinal obstruction and 31 had colitis and were included in the study for a total of 64 patients.

Figure 2 :

 2 Figure 2 : variation of noise, contrast and CNR as function of energy levels and mixed images for obstructions (a,b,c) and colitis (e,f,g).

Figure 3 :Figure 4 :Figure 5 :

 345 Figure 3 : variation of mean noise score as function of energy levels and mixed images (a. intestinal obstruction and b. colitis)

Figure 6 :

 6 Figure 6 : Variation of mean diagnostic quality score as function of energy levels and mixed images (a. Intestinal obstruction and b. Colitis).

Figure 9 :

 9 Figure 9 : Example of intestinal obstruction differences between VMI and 120KvP reconstruction (A: 40KeV ; B : 50 KeV ; C : 60 KeV ; D : 70 KeV ; E : 120 KvP ) each on standard abdominal window (W 370 C 60).

Figure 8 :

 8 Figure 8 : Example of noise differences on the liver between VMI and 120KvP (A: 40KeV ; B : 50 KeV ; C : 60 KeV ; D : 70 KeV ; E : 120 KvP ) each on a window suitable for interpretation.

Figure 7 :

 7 Figure 7 : Example of colitis differences between VMI and 120KvP reconstruction (A: 40KeV ; B : 50 KeV ; C : 60 KeV ; D : 70 KeV ; E : 120 KvP ) each on standard abdominal window (W 370 C 60).
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Article Determination of the most suitable mono energetic level of virtual monochromatic images in Dual source CT to analyze the digestive tract in context of emergency 1.1 Abstract Objective:

  To compare objective and subjective image quality between virtual monoenergetic images (VMI) and mixed images (120kvP) in patients with colitis or bowel obstruction in the emergency department.

	Table des matières
	1.
	1. Article
	1.1. Abstract
	1.2. Introduction
	1.3. Materials and methods
	1.3.1. Design and study population
	1.3.2. Acquisition and reconstruction parameters Methods: Retrospective monocentric analysis of patients with bowel obs-
	1.3.3. Dosimetric analysis truction and colitis in different mono energetic levels (40, 50, 60 and 70-
	1.3.4. Objective analysis of image quality
	1.3.5. Subjective analysis of image quality
	1.3.6. Statistical analysis
	1.4. Results
	1.4.1. Study population
	1.4.2. Dosimetric analysis
	1.4.3. Objective analysis of image quality
	1.4.4. Subjective analysis of image quality
	1.5. Discussion
	1.6. Conclusion
	2. Références
	3. Annexes

keV) and mixed images (120kvP) in portal time abdominopelvic CT. Objective criterias (CNR) and subjective criterias like noise, smoothing, overall quality and diagnostic quality were evaluated.
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Résumé :

Determination en scanner double énergie du niveau mono énergétique le plus adapté à l'analyse du tube digestif dans le cadre des pathologies d'urgence.

Objectif:

Comparer