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Abstract

Purpose
The aim of this study is to investigate the correlation between the magnetic resonance imaging (MRI) and intraoperative �ndings of deep
in�ltrating endometriosis using the #ENZIAN score.

Methods
This retrospective study included 64 patients who underwent surgery for deep in�ltrating endometriosis between January 2017 and August
2020. Preoperative abdominopelvic MRI assessment was evaluated and scored using the #ENZIAN classi�cation. Operative scores were
considered the gold standard, and the sensitivity, speci�city, and positive and negative predictive values (PPV and NPV) of MRI for each
category were calculated.

Results
MRI has higher sensitivity and speci�city in showing the lesions of the compartments O (ovarian lesions), A (rectovaginal septum and posterior
vaginal fornix), and B (uterosacral ligaments and parametrium) (100–100%, 100–100%, and 97–100%, respectively, p<0.001) compared to the
other compartments. The lowest sensitivity, speci�city, accuracy, and PPV of the MRI was found in compartment P (14%, 76%, 70%, and 7%,
respectively).

Conclusion
We demonstrated that the #ENZIAN classi�cation in MRI reports has signi�cant sensitivity and speci�city in compartments A, B (uterosacral
ligaments and parametrium), and O. Furthermore, the determination of peritoneal lesions via MRI is inadequate.

Introduction
Endometriosis is a benign chronic in�ammatory disease characterized by the presence of endometrial tissue outside the uterus. Endometriosis
affects 5–10% of women of reproductive age [1] It typically occurs in ovaries, tubes, uterosacral ligaments, bowels, ureters, bladder, and rarely
lungs, brain, and scars. Despite the different locations of the disease, dysmenorrhea, dyspareunia, dyschezia, pelvic pain, and infertility are
common symptoms [2]. Even though the incidence of endometriosis is high, late diagnosis is common. It takes about 6–11 years from �rst
symptoms to diagnosis due to the limitations of clinical experience and underestimation of the symptoms, especially in the adolescent
population, and the lack of expertise in endometriosis sonography[3–4–5].

Thus, magnetic resonance imaging (MRI) is a powerful non-invasive tool that provides an evaluation of the upper GI lesions for preoperative
surgical mapping. In 2014, Mederios et al. published a meta-analysis in which the overall sensitivity and speci�city of pelvic MRI was 83% and
90%, respectively [6]. However, laparoscopy remains the gold standard for the diagnosis of the disease [1–6].

Endometriosis is a condition that requires the involvement of varied specialists in both preoperative and intraoperative care. Even though
transvaginal ultrasound (TVS) is more affordable and more easily accessible than MRI as a diagnostic tool, performing TVS on endometriosis
patients requires a signi�cant amount of expertise. MRI is widely used for this reason; therefore, radiologists must have some knowledge of the
surgical process. Similarly, surgeons are also a substantial part of the diagnosis in terms of examination, TVS, and laparoscopy and should
also be familiar with MRI. To be able to facilitate these relations, a standardized MRI reporting system is crucial. Classi�cation of
endometriosis is complicated, and in 2014, the World Endometriosis Society proposed a classi�cation toolbox that includes the rASRM
classi�cation, the ENZIAN classi�cation, and the Endometriosis Fertility Index (EFI) [7]. However, using multiple classi�cations in daily practice
is not practical and may not be used effectively. In 2021, peritoneal, tubal, and ovarian involvement and pelvic adhesions were added to the
current ENZIAN score, and it was renamed as the #ENZIAN classi�cation [8]. Since it is a new classi�cation, no study has been published
comparing the relation between MRI and #ENZIAN score considering intraoperative �ndings. The #ENZIAN classi�cation has undergone
multiple revisions since its �rst appearance to become a more suitable system, and as it gets more widely used, it may be used as a standard
reporting tool for MRI.

This study aimed to compare the preoperative MRI and #ENZIAN scores in the prediction of intraoperative �ndings.

Material And Methods
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This retrospective study consists of a total of 64 cases, which were all diagnosed with deep in�ltrating endometriosis (DIE) and operated in a
tertiary referral center between January 2017 and August 2020. The inclusion criteria were the presence of preoperative abdominopelvic MRI
assessment and postoperative histologic DIE veri�cation. The exclusion criteria were missing sociodemographic data and MRI and/or
malignancy.

All surgeries were performed by the same surgical team, and all operations were completed laparoscopically. Video documentation is a must in
this center; therefore, videos were available for all cases. The primary surgeon evaluated all case videos, and the #ENZIAN score was
determined considering intraoperative �ndings (Fig. 1).

The #ENZIAN score is a revised classi�cation of the ENZIAN score. In addition to the ENZIAN score, peritoneal, ovarian, and tubo-ovarian
compartments are assessed in the #ENZIAN score system, which consists of six main compartments. These compartments are as follows: P
(peritoneal lesions <5 mm), O (all endometriomas and in�ltration ovarian surface foci >5 mm), T (tubo-ovarian condition +/- tubal patency), A
(craniocaudal axis, rectovaginal septum, and posterior vaginal fornix), B (mediolateral axis, uterosacral ligaments (USL), and parametrium),
and C (ventrodorsal axis and anterior wall of the rectum). Compartments P and O are subdivided by the sum of all lesions and compose a
virtual diameter: 1 is <3 cm, 2 is 3–7 cm, and 3 is >7 cm. T is subdivided into three categories according to the site of adhesions of the adnexa:
1 is to pelvic sidewall or tubo-ovarian, 2 is adhesions to the uterus, and 3 is adhesions to USL or bowel. A, B, C compartments are subdivided
into three categories as well by the extent of lesions as follows: 1 (<1cm), 2 (1–3 cm), and 3 (>3 cm). Uterine and extragenital locations are
also described as FA (adenomyosis), FB (bladder involvement), FU (ureter involvement with signs of obstruction), and FI (bowel involvement
cranial to the rectosigmoid junction) [8].

MRI Technique
All MRI examinations were performed on a 1.5T Avanto �t Siemens MR unit (Siemens Healthcare, Erlangen, Germany) using phase-array eight-
channel pelvic coil (Siemens Healthcare, Erlangen, Germany). Antiperistaltic agents and vaginal or rectal contrast medium were not used. Also,
no bowel preparation was done for any patient.

Each measurement included axial T1-weighted sequences with and without fat suppression. T2-weighted sequences were obtained from axial,
sagittal, and coronal planes without a fat saturation. The standard gynecology setting included the whole pelvis from iliac crests to the pubic
bone. The slice thickness was 3–4 mm with interslice gaps of 0.0 mm–1.0 mm.

In addition, dynamic contrast-enhanced sequences containing axial T1-weighted three-dimensional (3D) fast spoiled gradient recall echo
sequences were performed. Gadolinium-diethylene triamine pentaacetic acid (Magnevist; Bayer HealthCare, Wayne, NJ) as contrast material
was injected at a dose of 0.1 mmol/kg body weight using an automated pump (Nemoto; Nemoto Kyorindo, Tokyo, Japan) followed by a 20-mL
saline �ush, both at a rate of 2 mL/s. The sequences matched the recommendations of the European Society of Urogenital Radiology (ESUR)
guidelines [9].

The records of patients who underwent DIE operation in the tertiary center between 2017 and 2020 were independently evaluated and scored
by a senior radiologist. Each compartment of the #ENZIAN classi�cation were assessed and compared by both parties. Operative scores were
considered the gold standard, and sensitivity, speci�city, and positive and negative predictive values (PPV and NPV, respectively) of the MRI for
each category were calculated (Fig. 2)

Statistical Analysis
The data was described as numbers and percentages. Statistical evaluation was performed using the SPSS (version 20.0; SPSS Inc., Chicago,
IL, USA) software. Fisher’s exact or Chi-square test was performed for categorical data, and the Kruskal-Wallis test was performed for
continuous variables. Surgical results were accepted as standard and preoperative MRI �ndings were compared. Sensitivity, speci�city, PPV,
NPV, accuracy, precision, and association (k-Cohen coe�cient) scores were calculated. The scores for the compartments were also calculated
using Kendall’s tau b test according to their subdivision (size 1–3). Data for compartments A, B, and C were separated into A0 (respectively, B0,
C0, for no lesion) and A1 (respectively, B1, C1 for any lesion) and compared to each other. P values less than 0.05 were accepted as
statistically signi�cant (two-tailed).

Results
Sensitivity, speci�city, PPV, and NPV of all main compartments and the FA compartment are presented in Table 1. FB, FU, and FI were excluded
due to low number of cases. Three cases had intraoperative FI involvement, whereas one case had FB involvement. MRI classi�cation showed
one FB and eleven FI involvement, and of those, only one case was reported to have FI involvement intraoperatively.
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Table 1
Comparison of the preoperative MRI �ndings with the intraoperative �ndings considering the #ENZIAN classi�cation

Surgery MRI + MRI - Speci�city(%) Sensitivity(%) Accuracy(%) PPV(%) NPV(%) Kendal
Tau b

Cohen
Kappa

p
value

P + 1(14.3%) 13(23.2%) 76 14 70 7 87 0.54 0.59 0.51

P - 6(85.7%) 43(76.8%)

O + 62(100%) 0(0) 100 100 100 100 100 0.31 <0.001 0.01

O - 0(0) 1(100%)

T + 37(92.5) 3(13.6%)%) 86 92 90 92 86 <0.001 <0.001 <0.001

T - 3(7.5%) 19(86.4%)

A + 4(100%) 0(0) 100 100 100 100 100 0.02 <0.001 <0.001

A - 0(0) 59(100%)

B + 42(97.7%) 0(0) 100 97 98 100 95 <0.001 <0.001 <0.001

B - 1(2.3%) 20(100%)

C + 18(94.7%) 2(4.5%) 95 94 95 90 97 <0.001 <0.001 <0.001

C - 1(5.3%) 42(95.5%)

FA + 8(88.9%) 7(13%) 87 88 87 53 97 0.001 <0.001 <0.001

FA - 1(11.1%) 47(87%)

MRI regarding the departments O, A, and B were the most sensitive and speci�c (100–100%, 100–100%, and 97–100%, respectively) with p
value being <0.001, for all comparisons. Lowest sensitivity, speci�city, accuracy, and PPV were calculated in compartment P (14%, 76%, 70%,
and 7%, respectively). These calculations were made only by the presence of the lesions in each compartment. The number and size of the
lesions were not taken into account, since these are not as critical as the lesion site in preoperative preparation (Table 1).

Intraoperative involvement evaluation included both more recent endometriotic foci with glandular, purple-red appearance and older lesions
with �brosis and adherent to the surrounding tissues.

Discussion
In this study, MRI and operative scores showed signi�cant agreement regarding compartments A, B, O, and C, which was compatible with
previous studies using the previous ENZIAN classi�cation [10–12]. Our results demonstrated 100% speci�city and sensitivity of MRI in the
evaluation of rectovaginal septum and posterior vaginal fornix considering (compartment A) the #ENZIAN classi�cation.

DIE procedures are one of the most complicated operations for gynecological surgeons. It may result in multiple complications and
comorbidities such as bowel, bladder, and ureter injuries and bleeding from adhesion sites. The overall rate of severe complications for DIE
operations is reported to be 7–9% [13–16]. Preoperative knowledge of the involved pelvic organs facilitates minimizing these complications as
well as disease recurrence, providing an effective preoperative strategy via a multidisciplinary approach. Currently, TVS and MRI are effectively
used in DIE diagnosis by experienced gynecologists and radiologists. TVS has 93% sensitivity and 96% speci�city, whereas MRI has 95%
sensitivity and 91% speci�city in the diagnosis of DIE. Nonetheless, laparoscopy remains the gold standard for endometriosis diagnosis [17].

American Society of Reproductive Medicine (rASRM) classi�cation has been the most widely used scoring system for de�ning the severity of
the disease [18]. However, it does not de�ne adherent organ involvement and the location of DIE lesions [19]. The relation between the rASRM
classi�cation and symptom severity has been evaluated in various studies; however, the lack of reliable correlation [20–23] has led physicians
to seek a much more relevant classi�cation model. The ENZIAN classi�cation emerged for this purpose to provide a decent de�nition of DIE
lesions. A correlation between ENZIAN and DIE symptoms was demonstrated in terms of location and severity [24, 25]. Moreover, ENZIAN
demonstrated a correlation between DIE symptoms, the extent of the disease, and surgery length [25–27]. However, regardless of the
intraoperative classi�cation, MRI and TVS remain the most valuable preoperative diagnostic tools.

A meta-analysis evaluating the data of 20 studies reported an overall sensitivity and speci�city of MRI for pelvic DIE diagnosis as 83% and
90%, respectively [6]. In another study, Dipaola et al. compared MRI and intra-operative ENZIAN scores in 115 patients, revealing a signi�cant
concordance between histopathologic results of excised tissues in vagina-rectovaginal space, uterosacral ligaments, rectum-sigmoid colon,
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and adenomyosis and MRI scores with accuracy reported as 96%, 98%, 96%, and 100%, respectively [12]. In addition, Burla et al. evaluated the
correlation between preoperative MRI and ENZIAN score. They reported 95.2% sensitivity and 95.7% speci�city for compartment A [10], which
was 100% in our results.

In terms of modi�cations in the #ENZIAN classi�cation, compartment B includes uterosacral ligaments (USL) and pelvic sidewall involvement.
Besides, the #ENZIAN classi�cation evaluates right and left pelvic sides separately, which is in contrast to the previous revised ENZIAN
classi�cation [8]. Another difference between the revised ENZIAN classi�cation and the #ENZIAN classi�cation is that in the latter,
compartment B does not include ureter involvement or hydronephrosis, which has an incidence ranging from 0.3–12% and is often
asymptomatic[28]. The clinical signi�cance of ureteral endometriosis has led to the need for a separate classi�cation of the condition. In our
study, MRI had 97% sensitivity and 100% speci�city in compartment B. A meta-analysis evaluating the data of 20 studies showed 85%
sensitivity and 80% speci�city of MRI in terms of USL [6]. Dipaola et al. found 97% sensitivity and 99% speci�city in compartment B [12]. In
contrast, a study comparing the previous ENZIAN classi�cation to MRI �ndings reported a 78% sensitivity and 100% speci�city for
compartment B [10]. The reason behind this low sensitivity is not apparent; however, we may speculate that the accuracy of MRI could
decrease in severe cases and is also related to the experience.

Regarding compartment C in our study, high sensitivity and speci�city were achieved at 95% and 94%, respectively. It is worth mentioning that
these results only include the rectum, which is described as a 16 cm segment of the colon adjacent proximally to the anal verge. In contrast to
the rectosigmoid region, compartment C does not involve the sigmoid colon. A meta-analysis evaluating both rectum and sigmoid colon
lesions reported 83% sensitivity and 88% speci�city[7]. Two other studies evaluated MRI accuracy of DIE lesions using the revised ENZIAN
score, and both reported 86% sensitivity in compartment C. Speci�cities of the compartment C in these studies were reported as 98% [12] and
89% [10].

Another improvement in #ENZIAN is the inclusion of the tubo-ovarian condition compartment. In this compartment, tubal and ovarian
adhesions to pelvic sidewall, uterus, USL, and bowels are assessed. TVS has 93% sensitivity and 96% speci�city in endometrioma diagnosis,
which can be used as an indicator of the diagnostic accuracy of TVS in the tubo-ovarian condition compartment [29]. However, the presence of
endometrioma and the tubo-ovarian condition compartment are different. Endometriomas may not cause adhesions by themselves. Also,
adhesion of tuba and ovaries may occur without endometrioma. In our results, MRI has 86% speci�city and 92% sensitivity, which is the only
result assessing the tubo-ovarian compartment of the #ENZIAN classi�cation to date and should be con�rmed with further studies.

On the other hand, MRI had low accuracy and low sensitivity in peritoneal lesion detection, which was expected considering the dimension of
the peritoneal lesions. Preoperative diagnosis of compartment P does not usually alter the surgical strategy, and therefore small unde�ned
peritoneal lesions could be neglected.

In our study, extragenital organ involvements classi�ed as FU, FB, and FI were not present and therefore not included except for adenomyosis,
which is classi�ed as FA. MRI accuracy, sensitivity, and speci�city for adenomyosis in this study were 87%, 88%, and 87%, respectively, which is
similar to previous studies [10, 30].

Limitations of this study are the low number of DIE patients, the retrospective nature of the study, and the lack of rASRM scores. The strengths
of this study could be the evaluation of full-time surgery videos by experienced surgeons and the interpretation of MRI by radiologists familiar
with DIE cases.

In conclusion, this study demonstrated that utilizing the #ENZIAN classi�cation in MRI reports has signi�cant sensitivity and speci�city in
compartments A, B, O, and C. For compartments T and FA, although sensitivity and speci�city are not as high as in compartments A, B, C, and
O, there was signi�cant sensitivity and speci�city for MRI. However, the accuracy of MRI is insu�cient in compartment P. Currently our study is
the only evaluation of MRI accuracy using the #ENZIAN classi�cation system, and if future studies support our results, we believe that
#ENZIAN could be used to diagnose DIE lesions preoperatively in MRI.
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Figures

Figure 1

Intraoperative aspect of bowel adhesion (U: Uterus, B: Bowel)

Figure 2

Preoperative MRI of the patient; T2 weighted sagittal plane (Bl: bladder, U: uterus, B: bowel, V:vagina, N: hypointense nodüle


