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Objective: The aim of the study was to evaluate three-dimensional (3D) T2 MRI before and after vaginal opacification (VO) by gel (3DT2VO) and the additional value of 3DT1 with fat-suppression (3DT1FS) MRI in the diagnosis of vaginal endometriosis.

Methods: In this study conducted from 2010 to 2013, 51 patients scheduled for surgical treatment of endometriosis underwent MRI 1 day before surgery. Three readers (novice, intermediate, expert) were asked to retrospectively diagnose vaginal endometriosis independently and blindly using four different readings (i.e., 3DT2, 3DT2VO, 3DT2 with 3DT1FS, 3DT2VO with 3DT1FS). Vaginal endometriosis diagnosis was positive on observation of a thickening of vaginal walls on 3DT2 with or without high-signal-intensity spots on 3DT2 and/or 3DT1FS. The reference standard was surgery and histology. Descriptive analysis, Chi-square test, and ROC curves were used for statistical analysis.

Results: For all readers, the combination of 3DT2 and 3DT1FS significantly improved the diagnosis of vaginal endometriosis compared with 3DT2 (p = 0.002, p = 0.02, and p = 0.003). 3DT2VO significantly improved diagnosis for the intermediate reader (p = 0.01). High-signal-intensity spots on 3DT1FS had a sensitivity of 50–63.6%, specificity of 86.2–96.6%, and high positive likelihood ratios (14.5-Inf).

Conclusion: 3DT2 in association with 3DT1FS appears to be the best 3D MRI protocol for the diagnosis of vaginal endometriosis, whatever the level of experience of readers. The additional value of 3DT2VO is variable among the readers.
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INTRODUCTION

Deep pelvic endometriosis (DPE) is defined by the presence of fibrous/muscular infiltration of organs and anatomical structures containing endometrial like tissue below the peritoneum, regardless of the depth of infiltration (1). The most common locations of DPE include the torus uterinum, uterosacral ligaments, rectosigmoid colon, and vagina (2). Clinical examination can detect vaginal endometriosis but is limited for subtle vaginal lesions which are mainly linked to the presence of other DPE locations such as the torus uterinum and uterosacral ligaments (3).

Transvaginal sonography is the first-line technique for the diagnosis of endometriosis, allowing a dynamic examination, identifying trigger points for pain (4, 5). However, several meta-analyses have demonstrated that MRI is the best imaging technique to diagnose vaginal endometriosis even so no consensus exists regarding the optimal MRI protocol (1, 4–6). Multiplanar two-dimensional (2D) T2- in addition to T1-weighted MR sequences with fat-suppression are commonly performed with an accuracy varying from 71 to 90.8% (2, 3, 7–10). This heterogeneity could be partly explained by differences in MRI protocols and the criteria used to diagnose vaginal endometriosis.

Recent guidelines from the European society of Urogenital Radiology (ESUR) dedicated to MR imaging of pelvic endometriosis provide contradictory results about the value of vaginal opacification with gel (11). In addition, no specific data are available about the relevance of three-dimensional (3D) T2 and 3DT1 MRI sequences in this setting. These techniques are thus currently considered as an “option” in the diagnosis of vaginal endometriosis (11).

The aim of this study was to evaluate 3DT2 MRI before and after vaginal opacification (VO) by gel (3DT2VO) and the additional value of 3DT1 with fat-suppression (3DT1FS) MRI in the diagnosis of vaginal endometriosis.



PATIENTS AND METHODS


Patients

The database of our pathological department was retrospectively analyzed to identify women who undergone surgery for pelvic endometriosis (n = 1005) on a study period from 2010 to 2013. The database of our radiological department was then reviewed to identify among these patients those who had MRI examinations. Patients having an MRI performed more than 6 months before surgery were offered another MRI the day before surgery. Exclusion criteria were: (i) patients <18 year-old, (ii) patients with previous surgery for DPE, (iii) patients with MRI performed 6 months before surgery and refusing the MRI the day before the surgery, and (iv) patients with DPE but without clear identification of vaginal endometriosis on histology even if the surgeon in the surgical report noted a partial colpectomy. Therefore, the final cohort included 51 non-consecutive symptomatic patients. All the patients were examined by two surgeons (ED, SB) with a high experience of pelvic endometriosis over 5 years. The first step consisted in a medical interrogation to evaluate symptoms (dysmenorrhea, deep dyspareunia, dysuria, dyschezia, and chronic pelvic pain). The second step corresponded to physical examination to assess vaginal endometriosis with speculum followed by vaginal digital examination to localize the various locations of endometriosis. Then rectal digitation examination was performed to evaluate rectal and parametrial involvement by DE. A systematic first-line transvaginal examination was systematically performed before MRI examination.

Institutional Ethics Committee approval was obtained and all patients gave their written informed consent to participate in the study (CEROG-2010-09).



MRI Technique

MR images were acquired on a 1.5 Tesla system (General Electric HDTX, Milwaukee, USA) using a pelvic phased array. Patients fasted for 3 h and received an antispasmodic drug intravenously (Glucagen® Novo Nordisk, Paris, France) immediately before MR imaging to reduce bowel peristalsis. Systematic bowel cleaning was not performed.

A conventional protocol including sagittal, axial, coronal oblique 2DT2-weighted fast spin-echo (FSE) and 3DT1-weighted gradient-echo MR images with fat suppression (3DT1FS) was used. 3DT1FS MR images were acquired using SPoiled Gradient Recalling (SPGR) or Lava-Flex MRI sequences in 42 (82%) and 9 (18%) patients, respectively.

Three-dimensional imaging using coronal single slab 3D T2-weighted Fast-Spin-Echo (FSE) (called “CUBE”) was systematically added first without and then with vaginal opacification with 60 ml of sonographic gel. Neither rectal opacification nor gadolinium injection was performed in the present study. The parameters of the different MRI sequences are presented in Table 1.


Table 1. Parameters for 3DT2 and 3T1-weighted MR images with fat-suppression.
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MRI Analysis

Three radiologists with different degrees of experience in female pelvic MR imaging independently analyzed retrospectively the MR images. Reader 1 (SB) was a novice radiologist who had carried out 100 pelvic MR examinations using 3D TSE T2-weighted MR sequence over a 6-month period. Reader 2 (LJ) was a radiologist with 2 years of experience in gynecologic imaging. Reader 3 (MB) was a highly experienced radiologist (>25 years) in gynecologic imaging. All the readers were blinded to clinical findings and previous ultrasonographic or MR imaging results.

Each reader was asked to perform four readings to evaluate the presence or absence of vaginal endometriosis. First, they reviewed 3DT2 MR images without vaginal opacification. They went on to review the 3DT2 MR images with vaginal opacification (3DT2VO). Then they performed a combined analysis of MR images obtained on 3DT2 and 3DT1 with fat suppression (3DT1FS). Finally, they analyzed a combination of MR images obtained on 3DT2VO and 3DT1FS. Each MR analysis was performed using a review workstation with multiple reformations performed simultaneously. The time interval between readings was at least 15 days in order to minimize recall bias.

In the present study, the conventional MR imaging protocol (i.e., sagittal, axial, and coronal oblique 2DT2) was not taken into account for analysis.



MR Imaging Criteria of Diagnosis

Vaginal endometriosis was diagnosed in accordance with previously published criteria, i.e., thickening of the posterior and/or lateral vaginal wall on 3DT2 (Figure 1) with or without high-signal-intensity spots on 3DT1FS (2). The diagnosis was performed using a five-point scale to assign a confidence level for evaluating the absence or presence of vaginal endometriosis: 1, definitely absent; 2, probably absent; 3, indeterminate; 4, probably present; 5, definitely present.


[image: Figure 1]
FIGURE 1. Axial 3DT2 (A) and 3DT1FS (B) MR images in 40-year-old woman show thickening of left lateral vaginal fornix (double arrow) containing spot (arrow) highly suggestive of vaginal endometriosis confirmed on surgery and histopathological examination. Sagittal 3DT2 (C) and 3DT2VO (D) MR images show associated torus uterinum involvement by DE (arrowhead) and rectosigmoid adhesion (dotted arrow). Note the absence of additional information provided by vaginal opacification.


The diagnosis of other DPE locations was performed in accordance with previously described and validated MRI criteria (Figure 2) (2, 12). These locations were not specifically analyzed in the present study.


[image: Figure 2]
FIGURE 2. Axial 3DT2 (A) and 3DT1FS (B) MR images in 44-year-old woman show thickening of posterior vaginal wall (double arrow) containing multiple spots (arrows) highly suggestive of vaginal endometriosis confirmed on surgery and histopathological examination. Sagittal 3DT2 (C) and 3DT2VO (D) MR images confirm extensive thickening of posterior vaginal wall (double arrows) associated with rectal involvement by DE (arrowhead). Note the absence of additional information provided by vaginal opacification.




Surgical and Histological Findings (The Reference Standard)

Vaginal endometriosis was diagnosed in one of the following isolated or associated circumstances:

a) Endometrial like tissue (endometrial gland and stroma) found on histopathologic examination of a resected vaginal lesion (13).

b) Direct visualization of a vaginal lesion of endometriosis on laparoscopy or laparotomy, with only fibrosis detected on histology (14), but with at least one other histologically proven location of endometriosis.



Statistical Analysis

Confidence level ratings were used to calculate the sensitivity, specificity, positive, and negative predictive values, accuracy and positive (PLR) and negative likelihood ratios (NLR) [including 95% confidence interval (CI)] of MR images for each sequence in the diagnosis of vaginal endometriosis. Ratings of 1 or 2 indicated an absence of each location of DE and ratings of 4 or 5 indicated a presence. Ratings of 3 were considered to indicate an incorrect diagnosis.

A receiver operating characteristic (ROC) curve analysis and the area under the curve (AUC) was performed to compare the results of the different readings.

The intra- and interobserver agreement of the three readers for diagnosing vaginal endometriosis using the different MRI sequences were quantified by using weighted “statistics”; a k-value of <0.20 was considered to represent a poor agreement; 0.21–0.40, low agreement; 0.41–0.60, moderate agreement; 0.61–0.80, good agreement; and >0.80, excellent agreement. Specific evaluation of interobserver agreement of the three readers regarding the value of high signal intensity on 3DT1FS was added.

A p < 0.05 was considered to indicate a statistically significant association and all values were calculated using a two-tailed significance level. Statistical analysis and graphs were performed using MedCalc software (www.medcalc.be).




RESULTS


Epidemiological, Surgical, and Histological Findings

Epidemiological characteristics of the study population were a median age of 34 years (range: 19–50) and body-mass index (BMI) of 22.9 kg/m2 (range: 14–43), respectively. The main symptoms were dysmenorrhea observed in 95% of cases, deep dyspareunia in all the patients, dyschezia in 70% of cases and infertility in 55% of cases. In addition to previous medical treatments, all the patients received GnRH analogs for 3 months before surgery.

Laparoscopy was performed in 48 of the 51 patients (94%) and laparotomy in three (6%). Vaginal endometriosis was diagnosed in 22 patients (43%).

Other locations such as ovarian, uterosacral ligaments, rectosigmoid colon, parametria, and bladder involvement by endometriosis were present in 35.3% (18/51), 96% (49/51), 76.4% (38/51), parametria (26/51), and bladder 5.6% (3/51), respectively.



MRI Findings

The diagnosis of vaginal endometriosis obtained by each reader with the different readings (3DT2, 3DT2VO, 3DT2 and 3DT1FS, 3DT2VO and 3DT1FS) is provided in Table 2.


Table 2. Overall accuracy of MRI in the diagnosis of vaginal endometriosis per reader.
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Individual Reader Analysis
 
Reader 1

3DT2 MR analysis yielded a diagnosis of vaginal endometriosis in 28 of the 51 patients (54.9%). There were 13 false-positive results and seven false-negative results.

3DT2VO MR analysis yielded a diagnosis of vaginal endometriosis in 25 of the 51 patients (49%). There were 10 false-positive results and seven false-negative results.

3DT2 in association with 3DT1FS MR analysis yielded a diagnosis of vaginal endometriosis in 29 of the 51 patients (56.9%). There were nine false-positive results and two false-negative results.

3DT2VO in association with 3DT1FS MR analysis yielded a diagnosis of vaginal endometriosis in 31 of the 51 patients (60.7%). There were 11 false-positive results and two false-negative results.



Reader 2

3DT2 MR analysis yielded a diagnosis of vaginal endometriosis in 12 of the 51 patients (23.5%). There were three false-positive results and 13 false-negative results.

3DT2VO MR analysis yielded a diagnosis of vaginal endometriosis in 18 of the 51 patients (35.3%). There were three false-positive results and seven false-negative results.

3DT2 in association with 3DT1FS MR analysis yielded a diagnosis of vaginal endometriosis in 17 of the 51 patients (33.3%). There were three false-positive results and eight false-negative results.

3DT2VO in association with 3DT1FS MR analysis yielded a diagnosis of vaginal endometriosis in 19 of the 51 patients (37.3%). There were three false-positive results and six false-negative results.



Reader 3

3DT2 MR analysis yielded a diagnosis of vaginal endometriosis in 13 of the 51 patients (27.5%). There was one false-positive result and nine false-negative results.

3DT2VO MR analysis yielded a diagnosis of vaginal endometriosis in 17 of the 51 patients (36.3%). There was one false-positive result and five false-negative results.

3DT2 MR analysis in association with 3DT1FS MR analysis yielded a diagnosis of vaginal endometriosis in 20 of the 51 patients (41.2%). There were two false-positive results and three false-negative results.

3DT2VO MR analysis in association with 3DT1FS MR analysis yielded a diagnosis of vaginal endometriosis in 20 of the 51 patients (43.1%). There were three false-positive results and three false-negative results.




Comparison of Different Readings

The relevance of the presence of high-signal-intensity spots detected by each reader on 3DT1FS is provided in Table 3. For all the readers, this MRI criterion was of low sensitivity (50–63.6%) and high specificity (86.2–96.6%). For the Reader 2 and Reader 3 it had a very high positive likelihood ratio (14.5-Inf).


Table 3. Value of high–signal–intensity spots on 3DT1FS in the diagnosis of vaginal endometriosis.
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The ROC curve analyses are summarized in Table 4. For all readers, the combination of 3DT2 and 3DT1FS significantly improved the diagnosis of vaginal endometriosis in comparison to 3DT2 alone (0.002, 0.864, and 0.946 for the novice, intermediate, and experienced reader, respectively). 3DT2VO did not significantly improve diagnosis compared to 3DT2 alone for two of the three readers (0.4, 0.01, and 0.2, respectively). The most experienced reader in gynecological imaging obtained the best diagnostic confidence, whatever the MRI protocol used.


Table 4. Receiver Operating Characteristic (ROC) curve analysis.
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Interobserver agreement according to the MRI protocol is presented in Table 5. A poor to moderate agreement was found between readers for 3DT2 without (kappa = 0.10–0.38) and 3DT2 with vaginal opacification (kappa = 0.28–0.57). A moderate agreement was found between readers for 3DT1FS associated with 3DT2 without (kappa = 0.54–0.58) and with vaginal opacification (kappa = 0.46–0.55).


Table 5. Interobserver agreement between readers according to MRI protocol.
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Intra-observer agreement of reader 1 (k = 1), 2 (k = 0.89), and 3 (k = 1) according to high-signal-intensity spots detected on readings 3 (3DT2 and 3DT1FS) and 4 (3DT2VO and 3DT1FS) was excellent.

Interobserver agreement for the detection of high-signal-intensity spots on 3DT1FS is displayed in Table 6. A good interobserver agreement (0.64–0.72) was found between readers in the detection of vaginal high-signal-intensity spots on 3DT1FS during reading 3. A moderate to good interobserver agreement (0.59–0.63) was found between readers in the detection of vaginal high-signal-intensity spots on 3DT1FS during reading 4.


Table 6. Interobserver agreement between readers according to high-signal-intensity spots detected on 3DT1FS.
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DISCUSSION

The present study demonstrates that 3DT2 in association with 3DT1FS is the best MRI protocol for the diagnosis of vaginal endometriosis, whatever the level of experience of the reader. In contrast, the additional value of 3DT2VO varies depending on the reader.

Vaginal endometriosis is a frequent posterior DPE location, and is associated with dyschezia and deep dyspareunia (15, 16). Diagnosis of vaginal endometriosis is crucial before any surgical procedure for DPE. From an anatomical point of view, partial vaginal resection is associated with potential injury of the hypogastric nerve plexus located within the posterior and lateral vaginal walls (17). From a surgical point of view, the requirement of colpectomy exposes the patients to the risk of voiding dysfunction. Indeed, previous studies have underlined the relation between partial vaginal resection and bladder dysfunction requiring self-bladder catheterization (18, 19). Moreover, the concomitant resection of the vagina and rectosigmoid colon exposes the patient to a risk of rectovaginal fistula which, for many surgeons, justifies systematic defunctioning stoma although its relevance is a matter of debate (20).

Transvaginal sonography (TVS) is the first-line technique for the evaluation of pelvic endometriosis but its value for diagnosing vaginal endometriosis is controversial (3, 7, 21). Several meta-analyses underlined that MR imaging had a higher sensitivity (77%) than TVS (57–58%) for the diagnosis of vaginal endometriosis, with similar specificities (97–99%) (1, 5, 6). MR imaging is usually performed using sagittal, axial and coronal (± oblique) 2DT2- in addition to T1-weighted MR images without and with fat suppression for diagnosing pelvic endometriosis. Using this 2D MRI protocol, Nisenblat et al. found that diagnosis depended on the location and criteria used to diagnose endometriosis (1).

Various adjuncts have been tried since to improve the diagnostic performance of MRI for vaginal endometriosis, including vaginal gel opacification and 3DT2 MRI sequences. However, four studies which have evaluated the addition of vaginal gel opacification to the protocol give contradictory results (22–25). Chassang et al. reported an improvement in sensitivity between pre- and post-contrast 2DT2 MRI sequences; however, this improvement was only significant for junior radiologists but not for an expert (22). Bazot et al. did not find any significant difference with and without vaginal opacification, whatever the level of reader expertise (23). Fiaschetti et al. reported improved performance with TSE 2DT2 and 2DT1W MRI sequences (24). Finally, Uyttenhove et al. recently reported no significant difference, irrespective of reader experience (25).

The potential diagnostic value of 3DT2 MRI for pelvic endometriosis has been underlined by several authors (26, 27). These studies suggest that 3DT2 MR imaging provides acceptable image quality and improved 3D reconstructions in a shorter acquisition time and provides excellent visualization of the various locations (26, 27). However, the authors report variable sensitivities (60–80%) in the diagnosis of vaginal endometriosis, related to the level of expertise of the readers (26, 27).

Similarly to Saba et al., our results confirm that diagnostic confidence is a better indicator of the radiologist's interpretation to identify an imaging finding than the classical dichotomous choice (i.e., presence or absence) (10). In the ROC curve analysis, we found that the best performance was obtained by the most experienced reader in gynecological imaging whatever the MRI protocol used (10). In our study, 3DT2 without gel displayed a low AUC (0.67, 0.73, 0.84) for the three readers. These results are in agreement with those of Saba et al. reporting similar variable AUCs (0.69, 0.73, 0.81) for readers of different expertise when using 2DT2-weighted MRI (10). In the present study, 3DT2VO significantly increased the ability to detect vaginal endometriosis for the intermediate reader only. This finding suggests that it might be useful to design specific training for 3DT2 in association with vaginal opacification. In contrast, the best AUC (0.88, 0.81, 0.95, respectively) for all readers was obtained by using a combination of 3DT2 without gel and 3DT1FS. This could be explained by the additional value of high-signal-intensity spots detected by using 3DT1FS MR sequences. Specific analysis of high-signal-intensity spots for diagnosing deep endometriosis has rarely been reported independently (11). Our study suggests that this criterion has low sensitivity (50–64%) but relatively high specificity (86.2–96.6%) in the diagnosis of vaginal endometriosis. These data are in accordance with a preliminary report showing that nearly 61% of high-signal implants on T1 were visible in deep posterior endometriotic locations (2). This criterion was associated with a very high PLR (14.5-Inf) for intermediate and experienced readers underscoring its value in the setting of vaginal endometriosis. Furthermore, excellent intra-observer and a good interobserver agreement was found between readers in the detection of vaginal high-signal-intensity spots on 3DT1FS in association with 3DT2. Less agreement was found between readers in the detection of vaginal high-signal-intensity spots on 3DT1FS in association with 3DT2 with vaginal opacification. This could partly be explained by a decrease in the imaging quality observed with 3DT2 with vaginal opacification. Furthermore, we did not specifically evaluate gel instillation in the present study and Fiaschetti et al. observed that 10/83 patients (12%) refused the procedure or found it intolerable (24).

Several limitations of our study should be mentioned. Firstly, the prevalence of vaginal endometriosis in our population was very high (43%) in accordance with the design of our study. Secondly, a potential underestimation on histology of vaginal endometriosis could be link to pre-operative GnRH treatment related to the decrease of the glandular component. However, Netter et al. showed no significant difference on rectosigmoid nodule on MRI due to amenorrhea subsequent to pregnancy, GnRH analogs or contraceptive pill (28). Thirdly, all the patients were symptomatic and scheduled for surgery due to the presence of DPE which may have influenced the readers' interpretations. Thirdly, only one injection of antispasmodic drug was performed at the beginning of our MRI protocol owing to a poorer imaging quality of 3DT2VO and this represents another potential source of bias. Fourthly, all the patients received GnRH analogs that could have diminished the detection of high-signal-intensity spots within the vagina walls on 3DT1FS. Hence, an evaluation of high-signal-intensity spots within the vagina walls on 3DT1FS is required in the absence of GnRH analogs to evaluate the accuracy of this criterion. Finally, 3DT2VO was analyzed with 3DT1FS performed with different scout views. This could have induced some biases for the analysis of the location of high-signal-intensity spots on 3DT1FS and 3DT2-weighted MR imaging.

In conclusion, 3DT2 with 3DT1FS MR imaging is a valuable protocol for the evaluation of vaginal endometriosis. The systematic use of 3DT2VO is not supported by the present study.
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