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MRI was shown to have diagnostic accuracy of respectively, 84.2% (95%CI : 76.9 -89.9) and 88% (95%CI : 81.2 -93), when the right diagnosis was favored in MRI or in the consensual reading. In these two situations MRI was non inferior to CT.

Results were similar in the Per Protocol and Per protocol modified analysis.

Inter-rater reliability value was substantial both for MRI 0.71 (95%CI: 0.63-0.79) and CT 0.78 (95%CI: 0.70-0.85). The conditional imaging strategy using MRI and CT when MRI is normal (non specific pain), had a performance accuracy of 91%.

Conclusion:

MRI, when it is carefully read, is not inferior to CT and might replace CT as a second line imaging modality in acute abdomen for young women if its accessibility is improved.
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Statistical analysis was done to assess the non-inferiority regarding diagnostic accuracy of MRI compared to CT. The non-inferiority margin was set at 10%.

Inter-observer agreement and diagnostic performance of a conditional imaging strategy (MRI then scanner when the MRI is normal) were estimated.

Results : From June 2017 to July 2022, 149 patients were included and 133 patients were analyzed with a median age of 27 years (min-max : 18-40).

The most common diagnoses were non-specific pain (30.1%), ovarian cyst rupture (12.8%), appendicitis (9.7%), other gynecologic causes (9.7%), and adnexal torsion (8.3%).

Introduction

Acute abdominal pain is one of the most common reasons for emergency department (ED) visits, accounting for 8,4 % of all ED visits in the United States in 2020 (1).

Among these patients, young women represent a significant proportion. In a recent study (2) based on information from the United States National Hospital Ambulatory Medical Care Survey, including 54 815 patients and auditing the frequency of acute abdominal pain according to sex and age, female patients accounted for 67,5 % of the population, and the 26-45 year old group was the most represented (34%).

In young women, the main causes of abdominal pain are classically gynecological, urinary, digestive and hepato-biliary (3). Pelvic ultrasound (US) is the initial study of choice in most reproductive-age women presenting with acute pelvic pain (4), and it is in particular very efficient for the diagnosis of gynecological causes. Ultrasound is also the recommended first-line examination for right upper quadrant abdominal pain [START_REF] Wolfe | Abdominal Pain in the Emergency Department: How to Select the Correct Imaging for Diagnosis[END_REF]. Its wide availability, the low cost and the lack of radiation exposure are the most important advantages of ultrasound compared to computed tomography (CT), but it remains an operator-dependent examination. Furthermore, in Europe, the shortage of radiologists and the rise of teleradiology, have led to a decrease in access to ultrasound compared to CT during on-call periods.

In this context of acute abdominal pain, CT is often used either as a first-line procedure in young women when a non-gynecological pathology is suspected or after a non-contributing ultrasound [START_REF] Stoker | Imaging Patients with Acute Abdominal Pain[END_REF]. The usefulness of the scanner in abdominal pain has been well demonstrated, we can take as an example The Pandharipande and colleagues' study [START_REF] Pandharipande | CT in the Emergency Department: A Real-Time Study of Changes in Physician Decision Making[END_REF] who showed that CT changes the primary diagnosis in 51% of patients presenting to the emergency department with abdominal pain, results in a 25% increase in diagnostic confidence and increases the mean level of diagnostic certainty.

There is nowadays a general tendency to systematically resort to CT scanning as a first line procedure in acute abdominal pain as it was shown by a dramatic increase of the global use of CT in the past 15 years (8). Even guidelines have been developed to standardize indications for second-line pelvic ultrasound after a CT scan [START_REF] Yitta | Pelvic ultrasound immediately following MDCT in female patients with abdominal/pelvic pain: is it always necessary?[END_REF], for example to characterize an adnexal image that is difficult to define on CT.

In practice, many young women undergo multiple imaging tests in the workup of undifferentiated lower abdominal or pelvic pain because of the overlap in symptomatology between gastrointestinal, urinary and gynecological/obstetrical pathology and, decisions to use CT, US, or both must consider their advantages and drawbacks. In order to optimize imaging strategies in acute abdominal pain, it has been shown that a systematic use of ultrasound in first intention with a CT scan performed only in case of negative or inconclusive ultrasound would halve the indications for CT [START_REF] Laméris | Imaging strategies for detection of urgent conditions in patients with acute abdominal pain: diagnostic accuracy study[END_REF].

Despite all CT's advantages (ease of use, ready availability, and cross-sectional imaging capability), more recently, a growing awareness of the risks of radiation exposure has prompted the need for alternative imaging modalities that avoid ionizing radiation. This is particularly true in select patient populations such as children, young adults and pregnant patients.

In France, medical imaging represents the leading source of artificial exposure to ionizing radiation (34% in 2017) [START_REF]IRSN_Rapport EXPOP_def[END_REF]. CT scanning, the third most frequent diagnostic imaging modality after conventional radiology and dental radiology, represents slightly less than 13% of diagnostic procedures but contributes to nearly 75% of the collective effective dose attributable to the diagnostic medical imaging sector in 2017, compared to 58% in 2007 (12). The French Nuclear Safety Authority now insists on the need to replace CT examinations by magnetic resonance imaging (MRI) when possible. This is particularly true in the context of emergencies, where exposure to X-rays in relation to CT is significant, and this despite the techniques for reducing dose such as iterative reconstructions used today. In young subjects, exposure to X-rays is potentially deleterious given the risk of radiation induced-cancer in the long term. Studies have estimated that 1.5%-2% of all cancers in the United States may be directly attributable to CT scans [START_REF] Brenner | Computed Tomography -An Increasing Source of Radiation Exposure[END_REF]. In these young patients, the discovery of an abnormality in the context of an emergency will sometimes lead to several control scans over a limited period of time, thus increasing the risk of carcinogenesis [START_REF] Tonolini | Radiation overexposure from repeated CT scans in young adults with acute abdominal pain[END_REF]. A recent meta-analysis [START_REF] Cao | CT Scans and Cancer Risks: A Systematic Review and Dose-response Meta-analysis[END_REF], based on 111.6 million adult participants, found a significant increase in the risk of cancer related to CT exposure, which was correlated with radiation dose and multiple CT sites. It is in this context of awareness of the adverse effects of ionizing radiation that the substitution of CT scans by MRI has become a public health issue.

MRI offers excellent spatial and contrast resolution, while avoiding exposure to ionizing radiation. Although MRI currently plays a limited role in the management of acute abdominal pain, its utility in pregnant women [START_REF] Baron | Comparing the diagnostic performance of MRI versus CT in the evaluation of acute nontraumatic abdominal pain during pregnancy[END_REF][START_REF] Ali | Emergent MRI for acute abdominal pain in pregnancy-review of common pathology and imaging appearance[END_REF][START_REF] Spalluto | MR Imaging Evaluation of Abdominal Pain during Pregnancy: Appendicitis and Other Nonobstetric Causes[END_REF] and children [START_REF] Warner | Unenhanced MRI of the Abdomen and Pelvis in the Comprehensive Evaluation of Acute Atraumatic Abdominal Pain in Children[END_REF][START_REF] Kinner | Diagnostic Accuracy of MRI Versus CT for the Evaluation of Acute Appendicitis in Children and Young Adults[END_REF] has already been proven.

Moreover, a number of updates and iconographic reviews illustrate in a very convincing way the usefulness of MRI to diagnose specific causes of acute abdominal pain: in a global way [START_REF] Uyeda | Utility of MR Imaging in Abdominopelvic Emergencies[END_REF][START_REF] Ditkofsky | The role of emergency MRI in the setting of acute abdominal pain[END_REF][START_REF] Yu | Emergency abdominal MRI: current uses and trends[END_REF][START_REF] Nepal | Problem-solving with MRI in acute abdominopelvic conditions, part 1: gastrointestinal, hepatobiliary, and pancreatic diseases[END_REF][START_REF] Nepal | Problem-solving with MRI in acute abdominopelvic conditions, part 2: gynecological, obstetric, vascular, and renal diseases[END_REF] ,

or by focusing on gynecological [START_REF] Iraha | CT and MR Imaging of Gynecologic Emergencies[END_REF], intestinal [START_REF] Inoue | Noncontrast MRI of acute abdominal pain caused by gastrointestinal lesions: indications, protocol, and image interpretation[END_REF], urinary [START_REF] Kalb | Acute abdominal pain: Is there a potential role for MRI in the setting of the emergency department in a patient with renal calculi?[END_REF], or bilio-pancreatic [START_REF] Kiewiet | A Systematic Review and Meta-Analysis of Diagnostic Performance of Imaging in Acute Cholecystitis[END_REF][START_REF] Kim | Effectiveness of MR imaging for diagnosing the mild forms of acute pancreatitis: Comparison with MDCT[END_REF] pathologies. The diagnostic performances of MRI vs. CT have been reported rarely and solely for the diagnosis of targeted pathologies such as appendicitis [START_REF] Repplinger | Prospective Comparison of the Diagnostic Accuracy of MR Imaging versus CT for Acute Appendicitis[END_REF], acute pelvic pathologies [START_REF] Harringa | Magnetic resonance imaging versus computed tomography and ultrasound for the diagnosis of female pelvic pathology[END_REF] or in a targeted population referred for suspicion of appendicitis [START_REF] Harringa | Prospective evaluation of MR compared with CT for the etiology of abdominal pain in emergency department patients with concern for appendicitis[END_REF] .

The discrepancy between the recommendations to replace CT with MRI and the lack of use of MRI in clinical practice for acute abdominal pain in young women may be related to many obstacles: low access to MRI in some center, MRI costs and lack of skills of radiologists in the interpretation of these MRIs performed in the context of abdominal-pelvic emergencies.

Moreover, there are no studies evaluating the performance of MRI in the specific clinical situation of abdominopelvic pain in young women including unsorted causes for which ultrasound has not provided a satisfying answer.

We propose thus in this study to assess the diagnostic accuracy of MRI in comparison with CT scan as a 2nd line examination of acute/subacute abdominopelvic pain in a prospective population of young women with an initial non-contributive ultrasound. The main objective was to demonstrate the MRI non-inferiority over CT in this context. We also assessed the diagnostic performances of a conditional strategy using MRI rather than CT as a second line imaging procedure.

Materials and methods

Study Design

This was a multicentric prospective non-inferiority comparative study between MRI and CT, conducted in emergency departments, including young women with a non-conclusive ultrasound.

This study was conducted between June 2017 and July 2022, in French emergency department On clinical.gov our study was registered under the following number: NCT03281031.

Written informed consent was obtained for all patients.

Patient Selection

The included patients were women aged 18 to 40 years, who presented to the general emergency or emergency gynecologic department with a non-traumatic abdominal pain lasting less than 5 days, with an inconclusive ultrasound (absence of a specific pathology identified as the cause of the abdominopelvic pain or incomplete US for a specific cause of pain), justifying the prescription of an additional CT scan. CT was asked by the referring emergency physician or gynecologist at each center. Clinical hypotheses driving the CT were collected.

Exclusion criteria were contraindication to MRI (pacemaker, cochlear implant, ferromagnetic material, foreign body likely to mobilize during the examination), post-operative pain with abdomino-pelvic surgery in the previous month, clinical suspicion of life-threatening emergency (shock) not allowing a delay of management induced by the duration of the MRI, pregnant or breast-feeding woman.

The patients had to be affiliated to a French social security system or beneficiary of such a system to be eligible.

Inclusions took place 24 hours a day, 7 days a week.

Patients were included after the US procedure and before any cross-sectional imaging.

If a life-threatening emergency was detected during the CT scan (active bleeding or stercoral peritonitis) patients were excluded secondary to avoid delays in the therapeutic management induced by MRI.

Study procedure

Figure 1: study procedure Data were collected using an electronic case report form (eCRF) via a web-based data capture system. Data were immediately saved to a central database, and all eCRFs were checked to ensure that they were completed appropriately.

At inclusion, clinical information such as history (cancer, abdominal surgery, gravidity), age, weight, height, heart rate, blood pressure, temperature, functional signs (diarrhea, melena, rectal bleeding, vomiting, hematemesis, cessation of matter and gas, metrorrhagia, leucorrhea, urinary functional signs, nausea), characterization of pain (duration of symptoms, location of pain, whether contracture is present or not), and biological information (urine dipstick, white blood cells, neutrophils, hemoglobin, creatinine, GFR, CRP, B-Hcg), were collected in the eCRF.

Following the clinical examination and the biological workup, an ultrasound was performed by a radiologist or a gynecologist, according to the diagnostic hypothesis. Transvaginal sonography was used if a pelvic pathology was suspected. In other cases, transabdominal ultrasound was performed with a deep +/-superficial probe in some pathologies such as appendicitis.

Data from the ultrasound performed before inclusion was collected in the eCRF (Annex 1).

After written informed consent was obtained, CT was performed using the institution routine imaging protocol based on American College of radiology (ACR) recommendations [START_REF]Acute Onset Flank Pain-Suspicion of Stone Disease (Urolithiasis)[END_REF][START_REF] Scheirey | ACR Appropriateness Criteria® Acute Nonlocalized Abdominal Pain[END_REF] : low dose unenhanced CT in suspected renal colic +/-additional portal CT (80 sec) when there was no urinary stones, and at once portal CT for the other clinical hypotheses.

All patients underwent abdomino-pelvic MRI following the CT scan performed within 6 hours at the maximum.

CT Acquisition protocol

The different machines used were performed using 64 and 128 detectors:

-General Electric CT scanner: Revolution GSI, Optima, Optima 660, Revolution EVO, Lightspeed VCT, Revolution, 750D, Frontier.

- We provide the equation to calculate the effective dose in msV (milliSievert) based on the DLP [START_REF] Sirinelli | Ordre de grandeur des doses reçues lors des expositions diagnostiques en pratique médicale[END_REF].

→ E (mSv) = k x DLP (mGy.cm) "k" being a conversion factor varying according to the region of the body studied. It is 0.015 for an abdomino-pelvic scanner. This equation will allow us to give the average effective dose of scans performed, which is an indicator of health damage risk related to individual exposure to ionizing radiation.

MR Acquisition protocol

MR was performed on a 1.5T or 3T machine using a phased array antenna on the abdomen and pelvis with the patient in a supine position. The different machines used were 1.5T (General Electric, Siemens, Philips) and 3T (General Electric, Siemens) MRIs.

MRI minimum protocol and optional sequences are shown in Table 1. The contrast agent used was systematically: gadoteric acid (Dotarem, Guerbet, France) 0.5 mmol/ml injectable solution IV. The recommended dose was 0.1 mmol/kg, i.e. 0.2 mL/kg in adults.

Given the context of the emergency, acute abdominal pain and possible intestinal obstruction, antispasmodics were not used.

Contrast injection was done in the absence of contraindications such as renal failure (GFR<30ml/min) or allergy to contrast agents (iodinated or gadolinium).

Images sets (MRI, CT) from each center were sent by a secured link and stored by the investigating center. They were then assigned to a randomly generated study identification number and kept in a de-identified study folder within our PACS for interpretation at a later time, subsequent to the index emergency department visit. They indicated a principal diagnosis and one or two secondary diagnoses if necessary, with the percentage of confidence for each diagnosis, the sum had to be equal to 100%. The possible diagnoses were standardized in a list (Annex 2). We had then 2 complete readings for each imaging modalities.

During the MRI review, they also indicated the key sequence that allowed them to make their diagnosis (Annex 3).

A consensus review was done using the same diagnosis list for CT and MRI in case of discrepancies. This review was done by a fifth radiologist with 15y of experience in emergency radiology (IM).

Diagnostic gold standard

The gold standard or final diagnosis was done by a panel of experts after review of the patient's complete medical records via computerized information systems and a telephone follow-up at 3 months. The gold standard diagnosis was achieved using the same diagnosis list as the reviewer's one.

The 3 months' follow-up call was made by the clinical research officers of each center to check the absence of recurrence of pain, a possible hospitalization or re-hospitalization for abdominal pain and the presence of a delayed surgery or not. This follow-up could also be obtained from the general practitioner, a relative or by consulting the hospital medical file.

Statistical analysis

Principal analysis

Reviewer diagnosis MRI and CT scan were each read by two of the 4 independent reviewers. Each reviewer could give one to three diagnosis (with corresponding confidence percentages). Only the diagnosis with the highest confidence percentage was retained as diagnosis. In case of percentage equality, if one of the two diagnoses was correct, the review was considered correct.

Accuracies associated: review vs. gold standard

The accuracy of MRI diagnostic and of CT diagnosis were estimated on these 2 reading vs. the gold standard according three approaches:

• "best" approach: the diagnosis is considered correct if one of the two reviewers has the right answer

• "worst" approach: the diagnosis is considered correct only if the two reviewers

have the right answer.

•

Consensus approach

The accuracies were reported with their 95% confidence interval.

The MRI was considered non-inferior to that of CT if the lower bound of its 95% confidence interval is not more than 10% lower (10% non-inferiority margin) than the lower bound of the confidence interval of the CT diagnostic accuracy.

Secondary analysis

The inter-observer agreement of CT and MRI diagnosis was estimated by the Gwett agreement coefficient with the corresponding 95% confidence interval.

The performance of the conditional imaging strategy (MRI and then CT when MRI is normal) was studied on the consensus and the accuracy associated was reported with this 95% confidence interval.

All analyses were performed on the Per Protocol (PP) and on the Per Protocol modified population (PPm).

Missing data were not replaced. Two-tailed p< 0.05 was considered statistically significant. All analyses were carried out using the SAS (SAS Enterprise Guide, version 9.4; SAS Institute; Cary, North Carolina,).

Results

Patient characteristics

We enrolled 149 patients from June 2017 to July 2022. 3 patients were excluded from the per protocol analysis because of symptoms lasting more than a week (n=2), or because MRI was contraindicated (n=1). 13 were excluded from the Per Protocol modified population because of incomplete MRI for technical reasons related to the center but not to the patient, leaving images from 133 patients (Fig 2).

Finals diagnosis of incomplete

MRIs are reported in Table 3.

Number of patients included per center is shown in Table 4. 2 patients did not receive contrast injection, because of allergy to iodinated contrast agent.

There was only 1 minor iodine-related side effect (vomiting after injection).

Mean DLP was 436.1 ± 254.8 mGY-cm and mean CTDI vol was 8.6 ± 5.5 mGY.

Mean effective dose calculated was: E (mSv) = k x DLP (mGy.cm): 0.015 x 436.1 = 6.5 msV. 7 reported main characteristics of MRIs. Most MRIs were done on 1.5T machines (N=116 (87.2%). 2 patients did not receive contrast injection, one because of a technical problem and the second because of a bad tolerance of MRI in relation to the pathology that led to stop the examination. There was no side effect related to injection. Tolerance was excellent for most (86.5%). 3 MRIs were incomplete for reasons other than technical ones linked to the center (serious pathology requiring the examination to be stopped (n=1), neurological emergency making the machine unavailable (n=1), injector problem (n=1)). MRI mean duration was 32.3 minutes. 7

Characteristics

MRIs had poor quality, corresponding to the presence of artifacts that might interfere with the interpretation.

Variable

Modality PPm 

MRI Machine (N=133)

Diagnostic gold standard and outcomes

Among the 133 patients included in the study population, the most common diagnoses were: nonspecific pain (30.1%), ovarian cyst rupture (12.8%), appendicitis (9.7%), other gynecologic causes (9.7%), and torsion of the adnexa (8.3%). All etiologies are listed in Table 8.

Specifics of each group are detailed in Annex 2.

In this population 54 patients (40.6%) required hospitalization whereas the others were discharged home. Among inpatients, 30 (55.6%) were admitted for surgery, 2 (3.7%) for interventional procedure, 17 (31.5%) for medical treatment and 5 (9.3%) for monitoring.

Gold standard diagnosis

PPm (N=133)

Non specific-pain 40 ( 

Other digestive causes 1 (0.

Functional ileus 1 (0.7)

Renal colic 1 (0.7)

Complicated myoma 1 (0.7)

Data are the numbers of patients (%) Table 8: Gold standard diagnosis

Performances of MRI

The accuracy of MRI was estimated between 60.9% (95%CI: 52.1-69.2) for the "worst" approach, 84.2% (95%CI: 76.9-89.9) for the "best" approach and 88% (95%CI:81.2-93) for the consensus.

Results are detailed in 

Accuracies are presented with 95% CI. Star and dotted line represent the non-inferiority bound associated to each CT analysis.

To confirm the non-inferiority of MRI compared to CT, the lower limit of the MRI confidence interval should not be lower than the red star (non-inferiority margin).

Secondary objectives

Conditional analysis

In the conditional imaging strategy (Fig 4 ) corresponding to MRI then CT when MRI is normal (non specific pain), performance accuracy was 91%.

In this strategy, 82 (61.6%) patients had an abnormality on MRI. Of these 82 patients, 79 (59.4%) had a correct diagnosis and corresponds to true positive patients. Therefore, 79 scans could have been avoided using this strategy. There were 3 false positive cases using MRI.

51 patients had a diagnosis of non-specific pain on MRI ; among them 42 also had a diagnosis of non-specific pain on CT, which was correct for 36 patients. There were 6 false negative patients with the following pathologies: 1 hepatic colic, 1 gastroesophageal reflux, 1 pain due to the uterine device, 1 cystitis, 1 pyelonephritis, 1 salpingitis. 9 cases had a specific diagnosis by CT scan after an MRI showing no abnormality. Of these 9 cases, 6 were true positives and 3 were false positives. The CT scan was then able to identify 6 more diagnoses (2 enterocolitis, 1 functional ileus, 1 epiploic appendagitis, 1 pyelonephritis and 1 salpingitis).

In this strategy, a total of 12 (9%) patients were misclassified (3 on MRI and 9 after MRI and CT).

We had 6 false positives and 6 false negatives using this conditional strategy. Interestingly, a total of 12 cases were misclassified using this conditional strategy, of which 9 after MRI and CT. Among them, diagnosis was not possible by imaging for 2 of these cases (gastroesophageal reflux, pain due to uterine device); and imaging was probably too early for the other 4 false negative diagnoses (hepatic colic, cystitis, pyelonephritis, salpingitis). In this strategy

CT scan was able to rectify 6 diagnoses, most of them being digestive etiology. There was no serious missed diagnosis.

The MRI protocol in this study lasted 32.3 min, time probably too long to be implemented in a routine emergency setting. It was settled up to assess the usefulness of different sequences listed in previous studies, assuming that each sequence might provide additional information. In our study, we observe that T2 HASTE weighted imaging was the preferred sequence by the reviewers to make their diagnosis. It is a rapidly acquired sequence that reduces motion artefacts. A recent study [START_REF] Inoue | Optimization of pulse sequences in ultrafast magnetic resonance imaging for the diagnosis of acute abdominal pain caused by gastrointestinal disease[END_REF] showed that single-shot T2 weighted imaging (T2WI) and FatSat-T2WI were more informative than T1 weighted imaging (T1WI) imaging and True-FISP, for the diagnosis of acute abdominal pain caused by gastrointestinal disease. It permits analysis of anatomical structures and depicts edema, fluid and fat stranding thanks to the fat-suppressed technique. Another study has shown that a rapid MR examination consisting of axial and coronal T2-HASTE sequences was effective in evaluating acute abdominal pain with an estimated acquisition time of less than 2 minutes and diagnosed acute abdominal pain with a sensitivity of 98% and a specificity of 92% [START_REF] Byott | Rapid acquisition axial and coronal T2 HASTE MR in the evaluation of acute abdominal pain[END_REF]. However other sequences should be useful such as T1 gradient echo imaging allowing the assessment of free gas and subacute hemorrhagic components, or diffusion weighted imaging (DWI) for identifying intra-abdominal abscesses. Indeed, Leeuwenburgh et al. [START_REF] Leeuwenburgh | Acute Appendicitis on Abdominal MR Images: Training Readers to Improve Diagnostic Accuracy[END_REF] showed that by adding a DWI sequences to T2 ones, diagnostic performances were increased to diagnose appendicitis. Antispastic agents to suppress bowel peristalsis that degrades motion artifacts should not be administrated prior to diagnosis, and were not used in previous studies [START_REF] Byott | Rapid acquisition axial and coronal T2 HASTE MR in the evaluation of acute abdominal pain[END_REF] or in this one.

It is therefore important to find a protocol that minimizes image acquisition time as much as possible such that the on-table time is equivalent to an abdominal CT scan. It would then allow a better accessibility of MRI and be more tolerated by patients who may be uncomfortable or painful during the examination. In our study, one MRI had to be stopped early (only the scouts were available) because the patient was too painful, the final diagnosis was a closed loop bowel obstruction ( Fig 7). With newer techniques, such as accelerated parallel imaging, free breathing techniques and artificial intelligence, these limitations might be overcome to tailor a protocol lasting within approximately 15 minutes maximum. Inoue et al. [START_REF] Inoue | Optimization of pulse sequences in ultrafast magnetic resonance imaging for the diagnosis of acute abdominal pain caused by gastrointestinal disease[END_REF] proposed to always include T2WI, Fat Sat T2WI, and DWI for an acute abdomen MRI, followed by T1WI and True-Fisp if needed, corresponding mainly to our basal protocol. However, we noticed that in our study optional sequences were done in a lot of cases, even if there were not of added value for final diagnosis, increasing the mean MRI time.

In our study the mean DLP was 436,1 ± 254.8 mGy.cm. This value is below the diagnostic reference level (NRD) in France for abdomino-pelvic CT in adults, which is 625 mGy.cm [START_REF]Les NRD en radiologie[END_REF].

This shows that our study agrees with the recommendations. Mean effective dose calculated was 6,5 msV. It was comparable to other published studies (44) [START_REF] Salerno | Are we overusing abdominal computed tomography scans in young patients referred in an emergency for acute abdominal pain?[END_REF].

Our study has several limitations. First, the small sample size is the major shortcoming of this study. The population included during this 5-year period is small compared to the number of young women consulting to the emergency departments for abdominal pain during this period. Inclusion failed to be done consecutively, leading to a possible selection bias. Several reasons may explain the low number of inclusions: low accessibility to MRI during the day with complexity to include a new research MRI in a full MRI schedule. Centers with only one MRI had to handle also neurovascular emergencies, which might have limited inclusion. Indeed, in our study one MRI was incomplete because it had to be interrupted due to a stroke emergency needed to be imaged.

Moreover, waiting time between scan and MRI, which could be up to 6 hours, led some patients to refuse inclusion. At last, the inclusion period hurt the COVID pandemic period that clearly limited inclusions; the MRI being stopped for several months in the associated imaging departments and used only for life-threatening conditions. In our study more than ⅔ of the patients were included before January 2020. The post-Covid period faced shortage of staff in some imaging departments leading to inability to go on with this study protocol.

Second, there is a potential bias related to the retrospective centralized review.

Retrospective reading is always better than prospective reading because it is done in a more attentive way. This retrospective reading was performed by radiologists with expertise in emergency imaging, that is not always the case in real practice. Moreover, MR-expert readers, especially in the pelvis, are not always available during on-call periods. However, some studies demonstrated good performance of non-expert readers in the diagnosis of appendicitis by MRI compared to expert radiologists [START_REF] Bracken | Abdominal fellowship-trained versus generalist radiologist accuracy when interpreting MR and CT for the diagnosis of appendicitis[END_REF][START_REF] Leeuwenburgh | Accuracy and interobserver agreement between MR-non-expert radiologists and MR-experts in reading MRI for suspected appendicitis[END_REF]. Moreover, previous work suggests that training should be the key: for example, radiologist interpretations with regard to the diagnosis of acute appendicitis became more accurate with increasing experience [START_REF] Leeuwenburgh | Acute Appendicitis on Abdominal MR Images: Training Readers to Improve Diagnostic Accuracy[END_REF].

In conclusion, diagnostic accuracy of MRI, when it is carefully read, is not inferior to CT for diagnosing unsorted causes of acute abdomino-pelvic pain in non-pregnant young women. It might replace CT as a second line imaging modality after an inconclusive US provided that its accessibility is improved. A future perspective, to confirm these results, would be to consider a randomized study with an MRI strategy as a second-line imaging tool compared to a CT one in this setting. 
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  BIBLIOGRAPHIE .................................................................................................................... ANNEXES .............................................................................................................................. SERMENT ............................................................................................................................. RESUME ............................................................................................................................... alternative to CT scan after inconclusive ultrasound in subacute/acute abdominal pain in young women: a multicenter prospective non-inferiority study Purpose: To assess the diagnostic accuracy of MRI in comparison with CT scan as a 2nd line examination of acute/subacute abdominopelvic pain in a prospective population of young women with a non-contributive ultrasound. The main objective was to demonstrate the non-inferiority of MRI diagnostic accuracy over CT in this context and to assess diagnostic performances of a conditional strategy using MRI rather than CT as a second line imaging procedure. Materials and Methods: This was a multicentric prospective non-inferiority comparative study between MRI and CT, conducted in French emergency departments, including non pregnant young women between 18 and 40 years who presented to the general emergency or emergency gynecologic department with non-traumatic abdominal pain lasting less than 5 days, with an inconclusive ultrasound, justifying prescription of additional CT scan. After written informed consent was obtained, CT and then, within 6 hours, abdomino-pelvic MR imaging were performed. Four trained radiologists specialized in emergency independently reviewed CT and MR images in a random order, blinded to the clinical outcome, using a standardized diagnoses list. A consensus review was done by a fifth trained radiologist using the same diagnosis list for CT and MRI in case of discrepancies.

from 8

 8 University Hospitals (Montpellier, Nîmes, Marseille, Lyon, APHP Pompidou, APHP Tenon, Nice, Toulouse-Rangueil) and 2 large city Hospitals (Valenciennes, Paris St Joseph). The study was compliant with HIPAA and was approved by the institutional review board (Comité Protection des Personnes Sud-Ouest et Outre Mer III) and was recorded with the registration number: N° ID-RCB: 2017-A00725-48.

  Siemens CT scanner: AS +, Somatom Definition -Acquisition without injection of contrast medium, low dose (if suspected renal colic): from the upper pole of the kidneys to the pubic symphysis: -80 Kilovoltage (KV) if patient < 50 kg, 100 KV if patient between 50 and 80 kg, 120 KV if > 80 kg -200 to 230 milliamperes (mAS) according to morphotype with modulation of mAS (smartmA or caredose) -CTDI (computed tomography dose index) vol around 5 mGy (milliGray) -DLP (dose-length-product) expected between 200 and 300 mGy.cm -Acquisition with IV contrast at a portal time: from the hepatic dome to the perineum: -100 KV if patient < 50 kg, 120 KV if patient between 50 and 80 kg, 140 KV if > 80 kg -200 to 230 mAS according to morphotype with modulation of mAS (smartmA or caredose) Iodine injection of 1.5 ml/kg at 2.5 cc/sec, start of acquisition at 80 seconds -CTDI vol around 12 mGy -DLP expected between 300 and 600 mGy.cm -Type of contrast agents were used at the discretion of each radiology department All radiation doses (DLP and CTDI vol) from each CT examination were recorded.

→

  single shot (SS) acquisition with Ultra Fast spin echo (SE) (If renal dilatation or biliary dilatation on the first sequences: →single shot type bili-MRI -Detection of choledocholithiasis (round signal defect). If pelvic pathology (ovary, tubes) was suspected: → T1 TSE with fat saturation -Allows for characterization of hemorrhagic lesions such as endometriomas, hemorrhagic cysts, and hemorrhage ovarian torsion.-Characterize tissue/fluid with high intrinsic T1 such as blood products and proteinaceous material.

Table 2 :

 2 MRI sequences used and their advantages Image Analysis Four trained radiologists with 5y (QF), 7y (JC and JD), and 15y (EP) of experience in emergency radiology independently reviewed retrospectively CT and MR images during separate sessions and in randomized order. They had access to the clinico-biological data, the emergency physician clinical diagnosis, and the results of the ultrasound. Two radiologists reviewed CTs of patients 1 to 70 and MRIs of patients 71 to 149 and the other two radiologists reviewed MRIs of patients 1 to 70 and CTs from 71 to 149.

Figure 2

 2 Figure 2: Flow chart

Figure 3 :

 3 Figure 3: Summary of the diagnostic performances of MRI and CT according to each scenario.

Figure 4 :

 4 Figure 4: Performance diagnosis of the conditional strategy.

Figure 5 :Figure 6 :Figure 7 :Figure 8 :Figure 9 :Figure 10 :Figure 11 :Figure 12 :

 56789101112 Figure 5: Correct diagnosis on CT and MRI. Images in a 27-year-old female patient with an acute non traumatic right iliac fossa pain and fever. A, axial T2-HASTE. B, axial T2 fat-saturated. C, axial diffusion. D, axial T1-weighted contrast-enhanced with fat saturation. E, coronal T2-TrueFisp. F, axial CT images. CT and MRI depict enlargement of the appendix, periappendiceal stranding and mucosal enhancement (green arrow). T2 Fat-Sat depicts périappendiceal fluid (blue arrows).Final diagnosis was appendicitis managed by surgical treatment.
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Table 2

 2 illustrates the different sequences used and their advantages.

	Sequences	Duration	Breathing	Thickness	Orientation
		(min)		(mm)	
	Minimal protocol: abdomino-pelvic acquisition			
	→ single shot fast sequence (balanced	3	free breathing	5	axial and
	FFE, True FISP, FIESTA)				coronal
	→ single shot (SS) acquisition with Ultra	5	in apnea or with	8	3 planes
	Fast spin echo (SE) (SSH-TSE		respiratory		
	UFSE, SSTSE HASTE, SS-FSE)		synchronization		
	→ diffusion with 2b (b0, b800)	1,5	free breathing	5	coronal
	→ T2 acquisition with fat saturation	3	free breathing	5	axial
	→ axial T1 acquisition with fat saturation	3	in apnea or	2	axial
	and gadolinium injection (THRIVE,		respiratory		
	VIBE, LAVA)		synchronization		
	Optional sequences				
	If renal dilatation or biliary dilatation on the first sequences:		
	→single shot type bili-MRI	5	respiratory	1,5	3D
			synchronization		
	If pelvic pathology (ovary, tubes) was suspected:		
	→ Pelvic acquisitions: T1 TSE, T2 TSE,	15	Free breathing	4	axial
	T1 TSE with fat saturation without and				
	after gadolinium injection.				

Table 1 : MRI protocol. Minimal protocol and optional sequences.
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Table 5

 5 summarizes the characteristics of included patients (PPm). Median age was 27 years (min-

max:18-40; IQR:

[START_REF] Ditkofsky | The role of emergency MRI in the setting of acute abdominal pain[END_REF][START_REF] Yu | Emergency abdominal MRI: current uses and trends[END_REF][START_REF] Nepal | Problem-solving with MRI in acute abdominopelvic conditions, part 1: gastrointestinal, hepatobiliary, and pancreatic diseases[END_REF][START_REF] Nepal | Problem-solving with MRI in acute abdominopelvic conditions, part 2: gynecological, obstetric, vascular, and renal diseases[END_REF][START_REF] Iraha | CT and MR Imaging of Gynecologic Emergencies[END_REF][START_REF] Inoue | Noncontrast MRI of acute abdominal pain caused by gastrointestinal lesions: indications, protocol, and image interpretation[END_REF][START_REF] Kalb | Acute abdominal pain: Is there a potential role for MRI in the setting of the emergency department in a patient with renal calculi?[END_REF][START_REF] Kiewiet | A Systematic Review and Meta-Analysis of Diagnostic Performance of Imaging in Acute Cholecystitis[END_REF][START_REF] Kim | Effectiveness of MR imaging for diagnosing the mild forms of acute pancreatitis: Comparison with MDCT[END_REF][START_REF] Repplinger | Prospective Comparison of the Diagnostic Accuracy of MR Imaging versus CT for Acute Appendicitis[END_REF][START_REF] Harringa | Magnetic resonance imaging versus computed tomography and ultrasound for the diagnosis of female pelvic pathology[END_REF]

. 58.6 % presented at least 1 digestive sign, 12.9% presented at least 1 gynecological sign and 10.5% had functional urinary signs. Pain was located mainly in the right iliac fossa (65.9%). Other locations were less frequent. Mean CRP was 28.7 ± 43.8.

Table 3 : Final diagnosis of incomplete MRIs for technical reasons related to the center but not to the patient
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		PP	PPm
	Center		
		(N=146)	(N=133)
	Montpellier	82	82
	Nimes	3	3
	Marseille	3	2
	APHP Pompidou	24	24
	APHP Tenon	6	4
	Paris St Joseph	5	1
	Valenciennes	21	15
	Lyon	2	2
	Toulouse Rangueil	0	0
	Nice	0	0

Table 4 : Number of patients included per center in both Analysis
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	Characteristics	PPm
		(n=133)
	Median Age (min-max ; IQR)	27 (18-40 ; 22-32)
	Clinical findings	
	Temperature* (°C)	37.1 ± 43.8
	At least 1 digestive sign ***	78 (58.6)
	At least 1 gynecological sign**	17 (12.9)
	Functional urinary signs	14 (10.5)
	Main localization of the pain	
	Right iliac fossa	87 (65.9)
	Hypogastric	40 (30.8)
	Left iliac fossa	21 (15.8)
	Epigastric	15 (11.3)
	Right flank	13 (9.8)
	Laboratory results	
	CRP (mg/l)*	(n=125)
		28.7 ± 43.8
	White blood cells (10^9/L)*	(n=127)
		10.1 ± 3.8
	Hemoglobin (g/dl)*	(n=127)
		13.1 ± 1.5
	*Data are means ± SD	
	Unless otherwise indicated, data are the numbers (%).
	**: Gynecological signs included: leucorrhoea, metrorrhagia.
	Missing data for one patient.	
	***: Digestive signs included: diarrhea, melena, rectal bleeding,
	vomiting, hematemesis, cessation of feces and gas, nausea.
	IQR: interquartile range	

Table 5 : Baseline Characteristics of the included patients Scanner characteristicsTable 6

 56 reported main characteristics of CTs. CTs were done on GE and Siemens machines.

Table 6 : Scanner characteristics MRI characteristics Table

 6 

	Modality	PPm
	CT Machine	(N=133)
	GE	128 (96.2)
	Siemens	5 (3.8)
	Contrast injection	(N=133)
	No	2 (1.5)
	Yes	131 (98.5)
	Side effects related to iodine injection	(N=131)
	No	130 (99.2)
	Yes	1 (0.7)
	Exam tolerance	(N=133)
	Excellent	119 (89.5)
	Good	14 (10.5)
	DLP (mGY-cm)*	(N=131)
	Mean ±SD	436.1 ± 254.8
	CTDI vol (mGY)*	(N=128)
	Mean ±SD	8.6 ± 5.5
	*Data are means ± standard deviations	
	Unless otherwise indicated, data are the numbers of patients (%).

Table 7 : MRI characteristics
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	1,5T GE	28 (21)
	1,5T Siemens	83 (62.4)
	1,5T Phillips	5 (3.8)
	3T GE	16 (12)
	3T Siemens	1 (0.7)
	Contrast injection	(N=133)
	No	2 (1.5)
	Yes	131 (98.5)
	Side effects related to injection	(N=131)
	No	131 (100)
	Yes	0 (0)
	Exam tolerance	(N=133)
	Excellent	115 (86.5)
	Good	14 (10.5)
	Poor	4 (3)
	Complete MRI	(N=133)
	Complete	130 (97.7)
	Incomplete	3 (2.3)
	Duration of MRI (min)*	(N=133)
	Mean ±SD	32.3 ± 12.3
	MRI quality	(N=133)
	Excellent	82 (61.6)
	Good	44 (33.1)
	Poor	7 (5.3)
	*Data are means ± standard deviations	
	Unless otherwise indicated, data are the numbers of patients (%).

table 9

 9 and figure 3. The lower bounds of 95% CI interval associated appeared upper than the non-inferiority bound fixed by the CT scan except when compared the worst MRI vs. the best CT. For the other scenarios comparisons, the MRI does not appear inferior to the CT scan.

		MRI accuracy	CT scan accuracy	Non inferiority
		(95% CI)	(95% CI)	bound
	"Worst" approach	60.9 (52.1-69.2)	64.7 (56-75.7)	46
	"Best" approach	84.2 (76.9-89.9)	82 (74.3-88.1)	64.3
	Consensus	88 (81.2-93)	83.5 (76-89.3)	66

Table 9 :

 9 MRI and CT scan accuracies with the non-inferiority bounds associated.

  torsion, tubo-ovarian abscess, oophoritis/salpingitis, and endometrial/uterine mass. In this study MR consensus interpretation had an overall sensitivity and specificity of 57.1% (95%CI 38.8-75.5%) and 97.2% (95%CI 94.7-99.6) respectively. It should be noted, however, that these two studies were carried out in a cohort of patients referred for appendicitis, leading to a selection bias, and images were analyzed by non-trained radiologists for pelvic imaging (abdominal and musculoskeletal radiologists). MRI diagnostic accuracy in our study ranged from 60.9% to 88%.It is a little lower than in the Byott and Harris study[START_REF] Byott | Rapid acquisition axial and coronal T2 HASTE MR in the evaluation of acute abdominal pain[END_REF] conducted in a general population aged less than 60 years and admitted for abdominal pain, where overall MRI diagnostic accuracy was 99%. However, the goal of this study was not to assess a specific diagnosis using MRI but to correlate MRI (positive or negative) with clinical follow-up (surgical procedure vs. conservative one). For instance, it has been assumed in this study that uneventful follow up in the MR negative group allows that acute surgical pathology has not been overlooked such as a mild resolving appendicitis. Our study design was not binary for MRI but aimed at diagnosing a specific cause of pain among a standardized list of 36 diagnosis, making it less likely to be accurate.

The conditional imaging strategy evaluated in our study allowed the right diagnosis of 91% of cases. By using this strategy, 79 scans (59,4%) were avoided, thus limiting exposure to ionizing radiation. However, 36 scans (27,1%) could have been also avoided because they didn't show any additional findings compared to MRI (correct non-specific pain diagnosis both on MRI and CT). Radiologists are less familiar with MR in this context, potentially leading to errors or low diagnostic confidence with a normal MRI. Support from experienced colleagues and the use of additional CT in indeterminate or normal cases will assist the learning curve. In the future, by developing new skills on MRI, we would be able to do without CT when MRI would be normal.

Inter-rater reliability

The inter-rater reliability estimated by the Gwett's agreement coefficient was 0.71 (CI: 0.63-0.79) for MRI and 0.78 (CI: 0,70-0.85) for CT corresponding to substantial agreement.

MRI key sequences

Considering all MRI reviews (n=264), T2 haste (N=133 (50.4%)) was the most selected sequence by the reviewers, followed by T1 with gadolinium (N= 57 (21.6%)) and T2 Fat Sat sequence (N=51(19.3%)).

When choosing T2 sequence as the favorite sequence to affirm the diagnosis, they had 70.6% good answers compared to Gold standard, by choosing the injected T1 sequence they had 75.4% good answers and by choosing T2 FAT SAT sequence they had 69.2% correct answers.

Discussion

Our study demonstrated that diagnostic accuracy of MR imaging for the diagnosis of acute abdominal pain in non-pregnant young women was non-inferior to CT when it was carefully read. Indeed, MRI was shown to have a diagnostic accuracy of respectively, 84.2% (95%CI:76.9-89.9) and 88% (95%CI: 81.2-93), for the "best approach" and the consensual reading vs. 83.5 % for the CT consensual reading. Results were similar in the Per Protocol and Per protocol modified analysis, demonstrating their toughness.

Interrater agreement for both CT and MR imaging was substantial among our 4 radiologists, similar to the ones reported in previous MRI assessment in acute abdomen [START_REF] Harringa | Magnetic resonance imaging versus computed tomography and ultrasound for the diagnosis of female pelvic pathology[END_REF], where the kappa was reported to be 0,75.

The conditional imaging strategy using MRI as a second imaging tool after an inconclusive US, and CT solely when MRI is normal, found a very good diagnostic accuracy of 91%.

To our knowledge, this study is the first to assess the diagnosis of unsorted acute abdominal symptoms by MRI. Majority of the previous studies have evaluated the efficacy of MR imaging in diagnosis of targeted pathology [START_REF] Blandino | Combined magnetic resonance urography and targeted helical CT in patients with renal colic: A new approach to reduce delivered dose[END_REF] or select populations including pregnant patients [START_REF] Baron | Comparing the diagnostic performance of MRI versus CT in the evaluation of acute nontraumatic abdominal pain during pregnancy[END_REF][START_REF] Ali | Emergent MRI for acute abdominal pain in pregnancy-review of common pathology and imaging appearance[END_REF][START_REF] Spalluto | MR Imaging Evaluation of Abdominal Pain during Pregnancy: Appendicitis and Other Nonobstetric Causes[END_REF], pediatric patients [START_REF] Warner | Unenhanced MRI of the Abdomen and Pelvis in the Comprehensive Evaluation of Acute Atraumatic Abdominal Pain in Children[END_REF][START_REF] Kinner | Diagnostic Accuracy of MRI Versus CT for the Evaluation of Acute Appendicitis in Children and Young Adults[END_REF] or patients addressed for a specific pathology such as appendicitis [START_REF] Harringa | Magnetic resonance imaging versus computed tomography and ultrasound for the diagnosis of female pelvic pathology[END_REF][START_REF] Harringa | Prospective evaluation of MR compared with CT for the etiology of abdominal pain in emergency department patients with concern for appendicitis[END_REF] but not in a cohort of young women for unsorted pathologies.

The multi-centric design of our study allows us to assess MRI and CT in real practice conditions using various brands enabling then a generalization of our results.

In our study, nonspecific abdominal pain was the main final diagnosis accounting for 30%.

These results are consistent with the literature. Non-specific abdominal pain was also the main cause of abdominal pain in women in an Italian epidemiological study [START_REF] Cervellin | Epidemiology and outcomes of acute abdominal pain in a large urban Emergency Department: retrospective analysis of 5,340 cases[END_REF] accounting for 36% of all etiologies of abdominal pain. Moreover, in our study, as it was in the Cervellin (39) and Murata

(3) studies, gynecological, urinary and digestive pathologies were the most prevalent pathologies found in this specific population.

There are few studies published in the literature that aimed at comparing CT and MRI for acute abdomen. A recent prospective study [START_REF] Harringa | Prospective evaluation of MR compared with CT for the etiology of abdominal pain in emergency department patients with concern for appendicitis[END_REF], found that sensitivity of contrast-enhanced MR (84.2% (95%CI:80.4-88)), was similar to CT (88.7% (95%CI:85.5-92.1)) for the diagnosis of acute, non-traumatic abdominal pain. Another prospective study [START_REF] Harringa | Magnetic resonance imaging versus computed tomography and ultrasound for the diagnosis of female pelvic pathology[END_REF], conducted on the same cohort as the previous one, found no significant differences between sensitivity and specificity of ultrasound, CT, and MRI to diagnose five key pelvic pathologies including ovarian cyst, ovarian