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Introduction

Adnexal torsion (AT) is a rare condition in the pediatric population with an estimated incidence of 4.9/100000 females aged from 1 year to 20 years [START_REF] Riccabona | European Society of Paediatric Radiology abdominal imaging task force recommendations in paediatric uroradiology, part IX: Imaging in anorectal and cloacal malformation, imaging in childhood ovarian torsion, and efforts in standardising paediatric uroradiology terminology[END_REF]. Early diagnosis of AT is essential because delayed identification may lead to ovarian hemorrhagic infarction and necrosis of adnexal structures, which may impair future fertility [START_REF] Ngo | Pediatric ovarian torsion: a pictorial review[END_REF]. Generally, ultrasound is the initial investigation when clinical findings are consistent with AT [START_REF] Bronstein | A meta-analysis of B-mode ultrasound, Doppler ultrasound, and computed tomography to diagnose pediatric ovarian torsion[END_REF]. In adults, ultrasound may demonstrate key signs of AT such as an enlarged ovary, abnormal flow on color Doppler ultrasound, peripherally displaced follicles, an adnexal mass that may trigger AT, a thickened ovarian tube and a whirlpool sign [START_REF] Chang | Pearls and pitfalls in diagnosis of ovarian torsion[END_REF][START_REF] Mashiach | Sonographic diagnosis of ovarian torsion: accuracy and predictive factors[END_REF]. Ultrasound findings in children with AT have also been described [START_REF] Linam | US findings of adnexal torsion in children and adolescents: size really does matter[END_REF][START_REF] Servaes | Sonographic findings of ovarian torsion in children[END_REF], with overall high sensitivity (90.9%) but relatively low specificity (68.7%) and accuracy (80%) [START_REF] Jourjon | Analysis of clinical and ultrasound determinants of adnexal torsion in children and adolescents[END_REF]. In few children, ultrasound examination cannot exclude torsion with certainty mostly because ultrasound findings in AT overlap with those of simple hemorrhagic cyst that may mimic AT. Moreover, in children with a large ovarian mass stretching the ovarian parenchyma, the usual ovarian signs of AT are missing. Therefore, with an inconclusive initial ultrasound examination, additional strategies are needed to improve the diagnostic accuracy and decrease the rate of diagnostic laparoscopy, because the latter can be associated with substantial morbidity.

In studies of adults with suspected AT, magnetic resonance imaging (MRI) has shown high accuracy in the diagnosis of AT [START_REF] Beranger-Gibert | Diagnostic value of MR imaging in the diagnosis of adnexal torsion[END_REF][START_REF] Ghossain | Adnexal torsion: magnetic resonance findings in the viable adnexa with emphasis on stromal ovarian appearance[END_REF]. Moreover, pelvic MRI may provide information regarding the actual nature of a pelvic mass [START_REF] Sadowski | Adnexal lesions: imaging strategies for ultrasound and MR imaging[END_REF]. In children, beyond the advantage of lack of ionizing radiation and excellent soft-tissue contrast provided by MRI, the diagnostic accuracy of MRI for suspected AT in children has not been reported.

The purpose of this study was to retrospectively assess the value of MRI for the diagnosis of AT in children and adolescents after inconclusive initial ultrasound examination.

Materials and methods

Population

We reviewed patients with suspected AT with an inconclusive ultrasound examination as a firstline imaging modality that required MRI as a second-line technique between 2010 and 2017.

Patients were further included when the final diagnosis was confirmed after surgery and/or clinical and imaging follow-up for at least 3 months. Patients with other diagnosis than AT were excluded as well as those who did not undergo ultrasound follow-up after the initial ultrasound.

Figure 1 shows patients inclusion/exclusion process into the study. All procedures were in accordance with the ethical standards of the local ethics committee on human experimentation.

Informed consent was not required due to the retrospective design of the study.

A total of 28 girls with a mean age of 12 ± 4 (standard deviation [SD]) years (range: 1 month -18 years) were evaluated for suspected AT with an initial inconclusive ultrasound examination followed by pelvic MRI. Demographic and clinical data of included patients were recorded.

Ultrasound examination

Initial ultrasound examination. Ultrasound was performed with Aplio ® 400 or 500 ultrasound devices (Toshiba Medical Systems Corporation) with a 5-to 8-MHz curved array and 7-to 12-MHz linear probes and included complete examination of the abdomen and pelvis. Endovaginal ultrasound was not performed in this pediatric population. Ultrasound was performed by pediatric radiologists with at least 6 years of experience with abdominal ultrasound or by residents under supervision by a certified pediatric radiologist.

Ultrasound follow-up. Patients who had no MRI findings consistent with AT and no surgery, underwent ultrasound follow-up. A second ultrasound examination was performed within the first week after the initial ultrasound, followed by a third ultrasound examination between 6 and 8 weeks after the initial ultrasound. Pain reduction associated with an ultrasound appearance of a collapsed hemorrhagic cyst confirmed the absence of AT. Moreover, when surgery was performed, the presence of an involution or a normal appearance of the ovary was recorded at ultrasound follow-up.

MRI examination

MRI protocol

MRI examination was performed with a 1.5-Tesla system (Achieva ® , Philips Medical Systems) with a phased-array pelvic coil for optimal signal-to-noise ratio. One patient underwent MRI examination under sedation and one with postprandial swaddling. MRI examinations were performed using various protocols, including at least the following sequences: sagittal and axial turbo spin echo T2-weighted sequences and axial gradient-echo T1-weighted sequences with and without fat signal suppression. Delayed contrast-enhanced axial and sagittal gradient-echo T1weighted sequences after intravenous administration of a gadolinium chelate (Gadoterate meglumine, Dotarem ® , Guerbet) were obtained for 21 patients (1 minute after intravenous injection of 0.02 mL/kg) Three patients underwent pelvic MR diffusion imaging. All MRI examinations were performed within a few hours after initial ultrasound examination.

MR image analysis

MR images were reviewed retrospectively on a picture-archiving workstation by two independent radiologists (E.B. and E.R.) with 15-and 4-years of experience in pediatric MRI, respectively, who were blinded to the surgical and pathological data. Each reader worked independently blinded to the results of the original interpretation and to the final diagnosis.

Readers were asked to provide the most plausible diagnosis. No patients were excluded due to poor MRI examination quality. MR images were analyzed qualitatively and quantitatively.

Qualitative data.

MR images of the ovary were evaluated for presence of ovarian stromal edema, peripheral distribution of follicles, asymmetric ovarian parenchymal enhancement and ovarian shift to the involved side. Regarding the adnexa, the following features were noted:

thickening or dilatation of the fallopian tube (comparatively with controlateral tube), presence of a whirlpool sign (twisted ovarian pedicle or fallopian tube), defect of enhancement of tubal wall on the pathological side, vascular pedicle enlargement (comparatively with controlateral), inflammatory pelvic fat, and uterine displacement. Moreover, the presence of an adnexal mass and its characteristics were noted: solid and/or cystic components with or without fat stranding or hemorrhagic content (e.g., hyperintensity on T1-weighted and T2-weighted images or presence of a fluid-fluid level in cyst with hemorrhagic content). Etiological hypotheses regarding the mass on MR images included functional follicular and paratubal cysts with or without hemorrhage and ovarian teratoma.

Quantitative data.

For each ovary, the following variables were retrospectively measured: ovary alone (ovary-corrected surface and volume), mass alone (axis/diameter, surface, volume), and ovary and mass together (total axis/diameter, total surface, total volume). For this, each radiologist performed measurements on axial MR images for ovarian dimensions and ovarian, axial and sagittal sections for ovarian volume measurements. The choice of sections was at the discretion of the radiologist who selected the images on which the ovarian dimensions were the largest. The ratios of the dimensions of the abnormal to the normal contralateral ovary were calculated.

After independent reading of which results were used to calculate interobserver agreement, discordant opinions were resolved by a consensus reading. The results of the consensus reading were used for further statistical analysis.

Standard of reference

Among the 28 patients, 10/28 (36%) had AT and 18/28 (64%) had no AT. In the 10 patients with AT, the diagnosis was confirmed by surgery as a standard of reference as follows:

intraoperative findings of an enlarged ovary associated with a torsion of the adnexal tube. The ovary was non-viable in 8 and oophorectomy was performed. Ovarian necrosis was confirmed by pathology in these 8 patients. Conservative treatment with detorsion was performed in 2 patients with AT. In the 18 patients without AT, the diagnosis was assessed using laparoscopy or follow-up. In 6 patients, laparoscopy was performed after MRI and found a luteal hemorrhagic cyst with an ovary and adnexa of normal aspect. In 12 patients, clinical and ultrasound follow-up confirmed the diagnosis of hemorrhagic cyst with typical signs of clot involution and visualization of a normal echo structure and size of the ovarian parenchyma.

A total of 22/28 (79%) patients had an ovarian or a tubal mass: for 17/28 (61%), these were cysts with hemorrhagic content (16 ovarian functional cysts and 1 paratubal cyst) and for 4/28 (14%), they were ovarian teratomas. One patient had a paratubal cyst without hemorrhagic content.

Statistical analysis

Quantitative variables were expressed as means ± standard deviation [SD], and ranges.

Qualitative data were expressed as raw numbers, proportions and percentages.

The diagnostic performance analysis of MRI was conducted based on the consensus results by considering the final diagnosis of AT. To identify factors associated with the diagnosis of AT on MRI, we compared patients with AT and those without AT. Categorical (qualitative) variables were compared using the chi-square or Fisher's exact tests. Continuous (quantitative) variables were compared using the Student t test or Mann-Whitney test after normality of the distribution has been checked using the Shapiro-Wilk test. The relationships between each MRI criteria and the diagnosis of AT was tested by univariate or exact univariate logistic regression analysis. The exact method was used when there was a complete separation of data.

Quantitative variables on MRI were dichotomized after optimal thresholds were determined by identifying the value with the maximal Youden's index and the shortest distance from the upperleft corner on receiver operating curve (ROC) analysis. Corresponding odds ratios (OR) along with their 95% confidence intervals (95% CI) and area under the ROC curve (AUC) were computed by unadjusted exact logistic regression to account for the relatively low sample size of the study and the occurrence of null percentages cells. Significance was set at P < 0.05.

For each categorical variable on MRI, sensitivity, specificity were estimated and the 95% exact CI were calculated.

The Kappa coefficients were computed along with their 95% CI to assess inter observer agreement (senior vs. junior radiologist) in terms of MRI findings. Degrees of agreement were categorized as follows: 0.00-0. 

Results

Mean age was lower in patients with AT (9 ± 5 [SD] years; range: 4 months-15 years) than in those without AT (14 ± 1 [SD] years; range: 11-16 years) (P = 0.01). Table 1 shows the distribution of MRI findings in patients with AT and those without AT. The whirlpool sign (P < 0.001), tubal thickening (P = 0.0001), presence of ovarian T1-weighted hyperintensity (P = 0.032) (Figure 2) and vascular pedicle enlargement (P = 0.041) were more frequently observed in patients with AT than in those without AT (Table 1). AT was more frequent with a mature cystic teratoma versus no mass (P = 0.003). Among patients with hemorrhagic cysts, AT was found in 2/17 patients (12%) (Figure 3). The remaining categorical variables were not associated with AT (Figures 4 and5).

The results of quantitative analysis are presented in Table 2. When a mass was present on MRI, patients with AT had a larger mass, larger adnexal mass surface and larger adnexal mass volume than those without AT (Table 2).

Table 3 shows the results of univariate analysis with exact logistic regression to determine the most discriminative MRI variable to differentiate between patients with AT and those without

AT. An age < 13 years was associated with AT (OR: 10.7; 95% CI: 1.3 -148.2) (P = 0.022).

Regarding MRI features, univariate logistic regression analysis showed significant positive association between presence of a whirlpool sign and AT (OR: 61.0; median unbiased estimate, 7.2) (P < 0.0001). Tube thickening, absence of a cystic mass with hemorrhagic content, vascular pedicle enlargement and asymmetric ovarian enhancement were also associated with AT. In patients with adnexal mass, qualitative MRI features associated with AT were mass volume and abnormal ovary-corrected volume ≥ 30 cm 3 , axis length ≥ 5 cm, and surface area ≥ 14 cm 2 (Table 3).

The sensitivity, specificity and accuracy of each MRI variables for the diagnosis of AT are reported in 

Discussion

The results of our study reveal that MRI had high degrees of accuracy, sensitivity and specificity for the diagnosis of AT in children after an inconclusive initial ultrasound examination. Also, agreement between two readers with 4 to 15 years of experience in MRI was perfect. Therefore, a strategy of ultrasound as the first step followed by MRI in patients with inconclusive ultrasound examination for the diagnosis of AT appears to be helpful.

Ultrasound is usually used for first-line imaging work-up in children with suspected AT in the emergency department. However, previous studies of the diagnosis of AT in children reported an overall sensitivity of ultrasound ranging from 51% [START_REF] Oltmann | Cannot exclude torsion: a 15-year review[END_REF] to 90.9% and low specificity (68.7%) [START_REF] Jourjon | Analysis of clinical and ultrasound determinants of adnexal torsion in children and adolescents[END_REF]. Ultrasound evaluation of ovaries might be more challenging in children than adults.

The ovaries in neonates can be small and may not be found in the pelvis but in a more cranial position [START_REF] Sintim-Damoa | Pediatric ovarian torsion: spectrum of imaging findings[END_REF] or in a herniated canal of Nuck [START_REF] Rees | Canal of Nuck hernia: a multimodality imaging review[END_REF]. Moreover, detailed evaluation of the ovaries has been described in adults by using a transvaginal approach that should not be performed in children and rarely in adolescents. Due to these limitations two main sources of inconclusive ultrasound examination in children and adolescents have been identified: hemorrhagic cysts and the presence of a large mass that stretches the ovarian parenchyma and precludes its precise evaluation [START_REF] Jourjon | Analysis of clinical and ultrasound determinants of adnexal torsion in children and adolescents[END_REF].

Consequently, to assess ovarian torsion in children, other methods should be used in cases of inconclusive initial ultrasound examination [START_REF] Riccabona | European Society of Paediatric Radiology abdominal imaging task force recommendations in paediatric uroradiology, part IX: Imaging in anorectal and cloacal malformation, imaging in childhood ovarian torsion, and efforts in standardising paediatric uroradiology terminology[END_REF]. Oltmann et al. reported that a strategy of diagnostic laparoscopy used as a first-line examination in children, particularly those with a pelvic mass ≥ 5 cm, may improve ovarian salvage as compared with ultrasound [START_REF] Oltmann | Cannot exclude torsion: a 15-year review[END_REF]. However, such a strategy may lead to a high rate of surgery in false-positive cases because clinical and laboratory findings are non-specific in AT. Moreover, surgery may cause adhesions in the pelvic cavity that may predispose to AT [START_REF] Chiou | Adnexal torsion: new clinical and imaging observations by sonography, computed tomography, and magnetic resonance imaging[END_REF]. As reported by Chiou et al. in a series of AT in adults, 48% of patients had a history of abdominal/pelvis surgery [START_REF] Chiou | Adnexal torsion: new clinical and imaging observations by sonography, computed tomography, and magnetic resonance imaging[END_REF].

CT may represent a second-line imaging modality for the diagnosis of AT because it is widely available in emergency settings. In a recent survey, CT has even been reported as a firstline examination modality for the diagnosis of AT in children or adolescents referred for pelvic pain in adult hospitals as compared with pediatric hospitals, where ultrasound is preferred [START_REF] Rialon | Diagnostic evaluation of ovarian torsion: an analysis of pediatric patients using the Nationwide Emergency Department Sample[END_REF].

Although AT findings have been described by CT in children in a few pictorial reviews [START_REF] Ngo | Pediatric ovarian torsion: a pictorial review[END_REF][START_REF] Chang | Pearls and pitfalls in diagnosis of ovarian torsion[END_REF] and in a study of 3 pre-menarchal girls [START_REF] Hiller | CT features of adnexal torsion[END_REF], the use of CT to primarily diagnose ovarian torsion is not supported by the literature. In adults and children, Chiou et al. demonstrated that although CT shows features suggestive of torsion, the diagnostic value of initial CT is less than that of initial ultrasound [START_REF] Chiou | Adnexal torsion: new clinical and imaging observations by sonography, computed tomography, and magnetic resonance imaging[END_REF]. In adults, Swenson et al. reported that the diagnostic performance of CT does not significantly differ from that of ultrasound in identifying ovarian torsion [START_REF] Swenson | Ovarian torsion: case-control study comparing the sensitivity and specificity of ultrasonography and computed tomography for diagnosis in the emergency department[END_REF].

Moreover, unlike ultrasound and MRI, CT exposes children to ionizing radiation and has lower contrast resolution as compared with MRI.

To date, the radiology literature describing MRI features for the diagnosis of AT in children consists mainly of single case reports [START_REF] Bader | Torsion of a normal adnexa in a premenarcheal girl: MRI findings[END_REF][START_REF] Cheng | Ovarian torsion: appearance on MRI[END_REF][START_REF] Van Kerkhove | Ovarian torsion in a premenarcheal girl: MRI findings[END_REF]. Two retrospective studies including a small number of children demonstrated the ability of MRI to detect AT: 6/58 patients aged 12 to 17 years in the study by Chiou et al. and 25 patients aged between 5-and 85 years (median 40 years) in the study by Rha et al. [START_REF] Chiou | Adnexal torsion: new clinical and imaging observations by sonography, computed tomography, and magnetic resonance imaging[END_REF][START_REF] Rha | CT and MR imaging features of adnexal torsion[END_REF]. However, neither was exclusive to the pediatric population.

In our series, the two main criteria associated with AT were an age under 13 years and a whirlpool sign. In pre-menarcheal girls, AT occurs more often without an ovarian or tubal mass [START_REF] Jourjon | Analysis of clinical and ultrasound determinants of adnexal torsion in children and adolescents[END_REF]. Similarly, a predictor of AT in our study and premenarchal girl was the absence of a cystic mass with hemorrhagic content. In our study, hemorrhagic functional cysts are exclusively seen in menarcheal girls and corresponded to the main differential diagnosis of AT. Moreover, presence of AT was associated with a large mass, with volume ≥ 30 cm 3 , axis length ≥ 5 cm and surface area ≥ 14 cm 2 . In our series, these large masses were represented essentially by mature cystic teratomas, as in other studies [START_REF] Ngo | Pediatric ovarian torsion: a pictorial review[END_REF][START_REF] Servaes | Sonographic findings of ovarian torsion in children[END_REF].

The presence of a whirlpool sign on MRI had the strongest association with AT, with substantial inter-reader agreement. In a recent study evaluating the value of MRI for the diagnosis of AT in adults with an equivocal adnexal mass seen on ultrasound, Beranger-Gilbert et al. found a whirlpool sign and thickened tube as MRI features associated with AT [START_REF] Beranger-Gibert | Diagnostic value of MR imaging in the diagnosis of adnexal torsion[END_REF].

Although the whirlpool sign, a direct representation of the twisted pedicle and tube, has been described on ultrasound in adults [START_REF] Valsky | Whirlpool sign in the diagnosis of adnexal torsion with atypical clinical presentation[END_REF], it is hardly identified in children on ultrasound [START_REF] Jourjon | Analysis of clinical and ultrasound determinants of adnexal torsion in children and adolescents[END_REF].

Therefore, MRI, showing more easily this sign, can be used as an accurate second-line imaging modality. Other MRI features associated with a diagnosis of AT on univariate analysis were tube thickening, vascular pedicle enlargement and asymmetric ovarian enhancement. For the last two features, the inter-reader agreement was poor to fair, which may indicate that identification of these two signs depends on the experience of the MRI reader and should prompt specific training among radiology residents.

The rate of oophorectomy was relatively high in our study as compared with most recent studies, with 50% oophorectomy performed for ovarian necrosis [START_REF] Rousseau | Emergency management and conservative surgery of ovarian torsion in children: a report of 40 cases[END_REF][START_REF] Santos | Outcome following detorsion of torsed adnexa in children[END_REF]. This result may account for the delay between the onset of symptoms and the initial ultrasound in this group of children and the delay between the initial ultrasound and pelvic MRI, although MRI was performed within a few hours after the initial ultrasound in our centre which has good availability of MRI. Recent recommendations specified that MRI should not be performed if it delays the potential surgery [START_REF] Riccabona | European Society of Paediatric Radiology abdominal imaging task force recommendations in paediatric uroradiology, part IX: Imaging in anorectal and cloacal malformation, imaging in childhood ovarian torsion, and efforts in standardising paediatric uroradiology terminology[END_REF]. Although the availability of MRI has increased in most pediatric centers in emergency settings, the need for sedation to avoid motion artifacts in young patients and the long examination time with MRI may lengthen a diagnostic algorithm including MRI as a second-line imaging modality.

Our study has some limitations. First, MR images were read by experienced pediatric radiologists. Therefore, our results cannot be generalized to most radiologists in daily practice who do not have similar experience. Second, we did not include patients with acute pelvic pain and negative ultrasound examination because we assumed that the ultrasound examination had ruled out AT. Therefore, the number of patients with false-negative findings might have been underestimated. Third, although this is the first exclusive pediatric study to specifically evaluate MRI features for the diagnosis of AT, the number of patients with AT was limited. Fourth, we did not compare ultrasound and MRI features associated with AT. Because the radiologists ended their initial ultrasound reports with "cannot rule out adnexal torsion", we considered that we could not retrospectively review ultrasound images and perform a head-to-head comparison of ultrasound and MRI data. Finally, in a context in which gadolinium-based contrast agents should be used judiciously in children, techniques such as diffusion MRI could represent an alternative to sequences with contrast media administration [START_REF] Kato | Diffusion-weighted imaging of ovarian torsion: usefulness of apparent diffusion coefficient (ADC) values for the detection of hemorrhagic infarction[END_REF][START_REF] Ozdemir | Contribution of diffusion-weighted imaging to conventional MRI for detection of haemorrhagic infarction in ovary torsion[END_REF][START_REF] Rozenfeld | Gadolinium-based contrast agents in children[END_REF][START_REF] Samanci | Apparent diffusion coefficient measurement of ovarian stroma: a potential tool for the diagnosis of polycystic ovary syndrome[END_REF]. Only three children underwent pelvic diffusion sequences in our series. Therefore, we could not compare the two techniques.

In conclusion, in children with suspected AT and an inconclusive initial ultrasound examination, MRI as a second-line imaging modality has high sensitivity and accuracy for the diagnosis of AT. We found that tubal thickening and whirlpool signs are potential MRI signs to improve sensitivity in patients with equivocal ultrasound findings. However, such a strategy should not delay potential surgery. 

FIGURE/TABLE LEGENDS

Figure 1 :

 1 Figure 1: Flow chart shows the patients inclusion/exclusion process into the study. AT = adnexal torsion; MRI = magnetic resonance imaging; US = ultrasound.

Figure 2 :

 2 Figure 2: Adnexal torsion in a 13-year-old girl with a benign cystic mature teratoma. On ultrasonography (not shown), the right ovary could not be identified. a, T2-weighted MR image in sagittal plane shows an enlarged right ovary (black arrow), with parenchymal hyperintensity, peripheral distribution of follicles (arrowheads) and a whirlpool sign (white arrow). A mass with a cystic and solid component is identified. b, c, The presence of hyperintense fat signal (arrows) on axial T1-weighted sequences without (b) and with fat signal suppression (c) suggests ovarian teratoma. d, No enhancement of right ovary is observed after intravenous administration of a gadolinium chelate (d).

Figure 3 :

 3 Figure 3: Left adnexal torsion in a 14-year-old menarcheal girl with a hemorrhagic cyst. a, Abdominal ultrasound image shows an enlarged left ovary (arrow) with a central hemorrhagic cyst (arrowheads). b, T2-weighted MR image in the axial plane confirms left ovary enlargement with a central cyst (arrow) and shows peripheral distribution of follicles (arrowheads) as well as global mild hyperintensity of the ovarian parenchyma and hyperintensity of the hemorrhagic cyst. c, T1-weighted MR image in the axial plane shows slightly hyperintense ovarian parenchyma (arrow). d, Substracted T1-weighted MR image in the axial plane obtained after intravenous administration of a gadolinium chelate shows no enhancement of ovarian parenchyma (arrow). Surgery confirmed the left ovary ischemia

Figure 4 :Figure 5 :

 45 Figure 4: Hemorrhagic cyst in a 16-year-old girl. a, Abdominal ultrasound image shows enlarged ovary (arrows) with a central hemorrhagic cyst (arrowheads). The presence of an adnexal torsion on a hemorrhagic cyst could not be ruled out with ultrasound. b, c, MRI confirms the presence of hemorrhagic cyst (arrowheads on b and c). The parenchyma of the left ovary has a normal appearance on axial T2-weighted image (b) with a moderate stromal hyperintensity. On T1-weighted MR image in the sagittal plane (c), the ovarian parenchyma has a normal appearance and hemorrhagic cyst harbors fluid-fluid level (arrowheads). Moderate free peritoneal fluid is present (b, c and d). d, Fat suppressed T1-weighted MR image in the axial plane obtained intravenous administration of a gadolinium chelate shows normal enhancement of left ovary parenchyma (arrows) excluding ovarian torsion

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Table 4 .

 4 The single patient falsely positive for AT had a hemorrhagic cyst seen at laparoscopy. The overall accuracy of MRI for the diagnosis of AT was 96% (27/28; 95% CI: 82

-100%) and sensitivity 100% (10/10; 95% CI: 69 -100), specificity 94% (17/18; 95% CI: 73 -100), with perfect interobserver agreement (κ =1 [95%CI: 1.00 -1.00]) (Table

5

). The most accurate variables for the diagnosis of AT were the presence of a whirlpool sign and a corrected volume of the abnormal ovary ≥ 30 cm 3 , with substantial interobserver agreement (κ =0.62 [95% CI: 0.29 -0.95] and κ = 0.61 [95% CI: 0.14 -1.00], respectively).

Table 1 .

 1 Comparison of MRI findings for categorical variables between 18 children with no adnexal torsion and 10 children with adnexal torsion.

Table 2 .

 2 Comparison of MRI findings for quantitative variables between 18 children with no adnexal torsion and 10 children with adnexal torsion.

Table 3 .

 3 Comparison of independent categorical criteria between patients with adnexal torsion and patients without adnexal torsion: results from exact logistic regression model.

Table 4 .

 4 Sensitivity, specificity and accuracy of MRI criteria for the diagnosis of adnexal torsion.

Table 5 .

 5 Interobserver agreement for MRI features using an analytical method in the case of dichotomous variables.

	Ovary-corrected surface area (cm 2 )			
	Abnormal surface area (n = 20)	4.12 ± 1.85 [0.01 -7.10]	9.88 ± 9.73 [2.00 -22.0]	0.705
	Ratio (abnormal to normal) (n=20)	0.95 ± 0.96 [0.42 -4.33]	0.51 ± 0.52 [0.11 -1.25]	0.109
	Ovary-corrected volume (cm 3 )			
	Abnormal volume (n = 20)	14.2 ± 9.0 [0.01 -38.0]	51.0 ± 34.0 [10.0 -91.0]	0.047
	Ratio (abnormal to normal) (n = 20)	0.35 ± 0.24 [0.13 -0.95]	0.11 ± 0.10 [0.01 -0.22]	0.021
	Bold indicates signifiant P value			
	Variables are expressed as means ± standard deviations; numbers in brackets are ranges	

AUC: area under the receiver operating characteristics curve. Bold odds ratios are statistically significant at P<0.05 Unadjusted odds ratios (95% confidence interval) from exact logistic regression modeling. *For cells with null percentages (i.e. ovarian T1 hyperintensity, whirlpool sign), median unbiased estimates are provided.
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No torsion Torsion P-value

Ovary

Ovarian T2 hyperintensity* 10 (10/17; 59%) 5 ( * Quantitative variables were dichotomized after optimal thresholds were determined by identifying the value with the maximal Youden's index and the shortest distance from the upper-left corner on ROC analysis. Sensitivity, specificity and accuracy are expressed as percentages; numbers in parentheses are proportions; followed by 95% confidence intervals into brackets.