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Objective: Endometriosis is a multifactorial disease that affects mainly women of reproductive age. It is unclear whether each form of pelvic endometriosis is an independent entity and whether a spatial relationship between all three endometriosis forms exists. We aimed with this research to examine the distribution of deep endometriosis in patients with ovarian endometriomas. We also aimed to assess the influence of unilateral and bilateral ovarian endometriomas on the distribution of deep endometriotic nodules.

Methods: This is a retrospective single-center cohort study that included all patients with histologically-proven ovarian endometriomas. The #Enzian classification was used to classify endometriosis. The distribution of deep endometriosis in patients with endometriomas was assessed.

Results: A total of 106 out of 121 patients with ovarian endometriomas had coexisting deep endometriosis (87.6%). Bilateral endometriomas were more common than unilateral ones. There was a statistically significant correlation between ipsilateral ovarian endometriomas and same-sided deep endometriosis of the pelvic compartment B according to the #Enzian classification. Patients with bilateral ovarian endometriomas had deep endometriosis of the left #Enzian B pelvic compartment and rectovaginal septum at a higher frequency than patients with unilateral endometriomas.

Conclusion: Deep Endometriosis coexists with unilateral or bilateral ovarian endometriomas in the great majority of patients. Bilateral endometriomas are associated with higher frequencies of deep endometriosis in the left #Enzian B compartment and rectovaginal septum (#Enzian A). In order to avoid incomplete surgeries and complications, patients with endometriomas should be carefully screened for deep endometriosis of the pelvis using transvaginal ultrasound or MR imaging.
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1 Introduction

Endometriosis is defined by the presence of endometrium-like glands and/ or stroma out of the uterus (1). Endometriosis affects mainly patients of reproductive age but it can be encountered in patients of all age groups (1, 2). The exact prevalence of endometriosis is unknown precisely but it is thought to affect around 10% of women of childbearing age (3, 4). Endometriosis is mainly an intra-pelvic disease (5), which means that the endometriotic lesions are most frequently encountered in the pelvis as either peritoneal endometriosis (also known as superficial endometriosis), ovarian endometriomas, and deep endometriotic nodules (6). Deep endometriosis was reported to affect 25.4% of endometriosis patients (7), 17.2% of subfertile patients (8), and 1–2% of the general population (9). Deep Endometriosis had been historically defined as any endometriotic lesion infiltrating the peritoneum for more than 5 mm (10). More recently, the definition of deep endometriosis has been modified to involve any endometriotic tissue in the abdominopelvic region extending on or under the peritoneum (11).

The ovaries are the most common site of endometriosis (12, 13). Nevertheless, deep endometriosis most frequently involves the uterosacral ligament (14). Less commonly, bowel endometriosis occurs in 8–12% of cases (15), while bladder and ureteric endometriosis are encountered in around 6 and 1.7% of cases, respectively (16, 17).

The distribution of endometriosis within the body probably gives an impression about its origin. Furthermore, it would be interesting to see how different types of the disease interact with each other. Furthermore, understanding the distribution of endometriosis will help better detect and treat the disease. Therefore, we aim with this research to investigate the distribution of different endometriotic lesions in the presence of ovarian endometriomas. We incorporated the #Enzian classification in our methods owing to our belief that it offers a standardized way of categorizing and reporting all types and localizations of endometriosis (18).



2 Materials and methods

This is a retrospective single-center cohort study that included all patients who were admitted to the endometriosis care center at Apollo Hospitals (Hyderabad, India) between the 1st of April 2021 and the 31st of October 2022 for surgical management of endometriosis.

The study protocol was reviewed and approved by an independent ethical review board of Apollo Hospitals (IRB approval No: AHJ-C-S-015/10-22, 22.10.2022). Written informed patient consent was obtained from all participants regarding the study’s procedures, anonymized data collection and analysis for research purposes. The conduct of the study adhered to the ethical standards of the Declaration of Helsinki (1964) and the guidelines of the Committee on Publication Ethics (COPE). This study is reported in accordance with the Reporting of studies Conducted using Observational Routinely-collected health Data (RECORD) statement (19), made available through the Enhancing the Quality and Transparency of Health Research (EQUATOR) network.1

The purpose of this study is to investigate the distribution of endometriosis in patients with ovarian endometriomas. We also investigated whether the lesions’ distribution may be influenced by the laterality of the ovarian endometriomas and by the presence of bilateral endometriomas. Ovarian endometriomas and deep endometriosis were diagnosed preoperatively by means of Transvaginal Ultrasonography (TVUS) and Magnetic Resonance Imaging (MRI), or both. Adenomyosis was diagnosed sonographically according to the Morphological Uterus Sonographic Assessment (MUSA) criteria (20). We included in this study all patients with pathologically-confirmed ovarian endometriomas and patients who did not receive a previous surgical treatment for ovarian endometriomas or deep endometriosis. We excluded from this study pregnant patients and those who had concomitant malignant pathologies or congenital uterine anomalies. Patients whose histopathology examination ruled out ovarian endometriomas, patients who underwent unilateral or bilateral salpingo-oophorectomy or hysterectomy, or those who refused to participate in the study were also excluded. All the included patients were operated by a single experienced endometriosis surgeon (V.B) via laparoscopic or robotic-assisted laparoscopic surgery. A standardized surgical approach was followed in all operated patients. All peritoneal endometriotic lesions were excised. Ovarian endometriomas were treated by either cystectomy or sclerotherapy. When sclerotherapy was performed, a biopsy was taken from the endometrioma’s margin at the site of the puncture for histological confirmation. In cases of deep endometriosis of the uterosacral ligaments, cardinal ligaments, and/or the pelvic sidewalls (#Enzian B), the ureters were freed through ureterolysis in cases of extrinsic involvement. No cases of intrinsic ureteric involvement were encountered in this cohort of patients. Rectal endometriosis was treated by rectal shaving, discoid excision, or segmental rectal resection.

All patients underwent a tubal patency test through intrauterine injection of methylene blue. The #Enzian classification of endometriosis was established intraoperatively (18). The #Enzian classification is a visual classification of endometriosis, where each letter of the equation refers to an anatomical location of the endometriotic lesions, while the numbers nearby indicate the lesions´ size. The locations that the #Enzian classification refers to are namely: the peritoneum (P), the ovaries (O), the Fallopian tubes (T), the rectovaginal septum (A), the pelvic sidewalls (B), the rectum (C), the intestines (FI), the ureters (FU), adenomyosis of the uterus (FA), and opens the possibility to documenting endometriosis in less common locations like the diaphragm (F Diaphragm). Only lesions with postoperative histopathologic confirmation were taken into account and the classification coding was verified on that basis.

Data regarding the patients’ demographics, medical and gynecologic history, symptomatology, and surgical findings including their surgical #Enzian classification were collected in a questionnaire that was designed specifically for this study.

Descriptive statistics were used for the data analysis. The normally distributed continuous variables were expressed as means ± Standard Deviation (SD). Continuous variables that were not normally distributed were expressed as medians with their Interquartile Range (IQR). The data normality was examined through the Schapiro-Wilk test. Categorical variables were expressed as frequencies and valid percentages. Means were compared through either the two-sided independent T-test or the Mann Whitney U test, depending on their distribution. Categorical variables were compared through the Chi-square (X2) test or Fisher’s Exact test as appropriate. We tested whether the side of unilateral ovarian endometriomas correlates with the side of deep pelvic endometriosis of the sidewalls by comparing the ratio of patients who had unilateral ovarian endometriomas and contralateral versus ipsilateral one-sided deep endometriosis of the pelvic sidewalls through the Chi-square test. The significance level was set at p < 0.050. The statistical analysis was performed using the Statistical Package for Social Sciences (SPSS) software, version 25.0 (SPSS, Chicago, IL, United States).



3 Results


3.1 General characteristics

A total of 121 patients presented with unilateral or bilateral ovarian endometriomas during the study period. The mean age at presentation was 31.88 ± 5.8 years old. Most of the included patients were younger than 35 years old (71.1%). The mean Body Mass Index (BMI) of the included sample was 23.94 ± 3.5 Kg/m2. The median age at menarche was 13 years old (IQR = 1). Although only 36.4% of our patients were infertile, most of the included patients were nulliparous (77.7%).

Dysmenorrhea was reported by 119 patients (98.3%). The median score of the Visual Analog Scale (VAS) for dysmenorrhea was 7 (IQR = 1). Dyschezia, Dyspareunia, and constipation were the most frequently reported symptoms as they were reported by 41.3, 38, and 35.5% of patients, respectively. Non-cyclic pelvic pain was reported by 29 patients only (24%). The general characteristics and symptomatology of our cohort is presented in Table 1.


TABLE 1 The general characteristics and symptomatology of the included participants.


	Characteristics (n = 121)

 

 	Age (years) 	31.88 ± 5.78


 	BMI (Kg/m2) 	23.94 ± 3.54


 	Age at menstruation (years) 	13 (IQR = 1)


 	Menstruation duration (days) 	4 (IQR = 1)


 	Regularity of the menstrual cycle (%)


 	Regular 	105 (86.8%)


 	Irregular 	16 (13.2%)


 	Menstrual flow (%)


 	Normal 	84 (69.4%)


 	Menorrhagia 	37 (30.6%)


 	Medical and gynecologic history


 	Parity (%)


 	Nulliparous 	94 (77.7%)


 	Parous 	27 (22.3%)


 	Miscarriage (%) 	12 (9.9%)


 	Infertility (%) 	44 (36.4%)


 	Primary infertility 	30 (68.2%)


 	Secondary infertility 	14 (31.8%)


 	Surgical history (%) 	26 (21.5%)


 	Diagnostic laparoscopy (%) 	7 (5.8%)


 	Hormonal treatment (%) 	52 (43%)


 	Oral contraceptive pills 	22 (18.2%)


 	Dienogest 	32 (26.4%)


 	GnRH agonists 	19 (15.7%)


 	Mifepristone 	1 (0.8%)


 	Mirena 	1 (0.8%)


 	Duration of treatment (months) 	9 (IQR = 6)


 	CA-125 (IU/mL) 	52.85 (IQR = 93.1)


 	AMH (ng/mL) 	2.45 (IQR = 2.86)


 	Symptoms


 	Dysmenorrhea (%) 	119 (98.3%)


 	VAS score 	7 (IQR = 1)


 	Non cyclic pain (%) 	29 (24%)


 	Dyspareunia (%) 	46 (38%)


 	Diarrhea (%) 	16 (13.2%)


 	Dyschezia (%) 	50 (41.3%)


 	Constipation (%) 	43 (35.5%)


 	Hematochezia (%) 	17 (14%)


 	Dysuria (%) 	14 (11.6%)


 	Urinary frequency (%) 	9 (7.4%)


 	Urinary incontinence (%) 	5 (4.1%)


 	Flank pain (%) 	27 (22.3%)


 	Fatigue (%) 	35 (28.9%)


 	Vomiting (%) 	19 (15.7%)


 	Headache (%) 	22 (18.2%)


 	Low back pain (%) 	48 (39.7%)


 	Leg pain (%) 	47 (38.8%)





BMI, Body Mass Index; GnRH, Gonadotropins-Releasing Hormone; CA, Cancer Antigen; AMH, Anti-Müllerian Hormone; VAS, Visual Analog Scale.
 



3.2 Unilateral versus bilateral ovarian endometriomas

The great majority of patients presenting with either unilateral or bilateral ovarian endometriomas had coexisting deep endometriosis (n = 106, 87.6%). Table 2 represents the #Enzian classification with the relevant surgical findings of the included sample. An overall of 47 (38.8%) patients had unilateral ovarian endometriomas and 74 patients had bilateral ovarian endometriomas (61.2%). Table 3 reports the general characteristics and symptomatology of both study groups. The mean age at presentation of patients with unilateral endometriomas was 32.57 ± 6.3 years, while the mean age of patients presenting with bilateral endometriomas was 31.43 ± 5.4 years (p = 0.29). The age at menarche, the regularity of the menstrual cycle, the menstruation duration, and the menstrual flow were comparable between both groups (p > 0.05). The infertility rate along with its subtypes and preoperative AMH levels were comparable between patients with unilateral and bilateral ovarian endometriomas (p > 0.05). Nonetheless, hormonal treatment was more common among patients with bilateral than unilateral ovarian endometriomas (52.7% vs. 27.7%, p = 0.008). The presence of dysmenorrhea and its intensity did not differ significantly between both groups (p > 0.05). Although it did not reach the significance level, dyspareunia was more commonly reported by patients with bilateral ovarian endometriomas than patients with unilateral endometriomas (44.6% vs. 27.7%, p = 0.08). Dyschezia, Constipation, and other symptoms were also comparable between both groups (p > 0.05).


TABLE 2 The detailed #Enzian classification and related surgical findings of the included cohort.


	#Enzian (n = 121)

 

 	#Enzian P (%) 	43 (35.5%)


 	P1 	8 (6.6%)


 	P2 	19 (15.7%)


 	P3 	16 (13.2%)


 	#Enzian O (Left) (%) 	102 (84.3%)


 	O1 	24 (19.8%)


 	O2 	52 (43%)


 	O3 	26 (21.5%)


 	Left endometrioma size (cm) 	4 (IQR = 4)


 	#Enzian O (Right) (%) 	93 (77.5%)


 	O1 	32 (26.7%)


 	O2 	44 (36.7)


 	O3 	17 (14.2%)


 	Right endometrioma size (cm) 	4 (IQR = 3)


 	#Enzian T (Left) (%) 	73 (60.3%)


 	T1 	7 (9.6%)


 	T2 	17 (23.3%)


 	T3 	49 (67.1%)


 	#Enzian T (Right) (%) 	58 (47.9%)


 	T1 	8 (13.8%)


 	T2 	16 (27.6%)


 	T3 	34 (58.6%)


 	#Enzian A (%) 	85 (70.2%)


 	A1 	7 (8.2%)


 	A2 	27 (31.8%)


 	A3 	51 (60%)


 	#Enzian B (Left) (%) 	88 (72.7%)


 	B1 	7 (8%)


 	B2 	75 (85.2%)


 	B3 	6 (6.8%)


 	#Enzian B (Right) (%) 	83 (68.6%)


 	B1 	11 (13.3%)


 	B2 	66 (79.5%)


 	B3 	6 (7.2%)


 	#Enzian C (%) 	42 (34.7%)


 	C1 	2 (4.8%)


 	C2 	21 (50%)


 	C3 	19 (45.2%)


 	Size of Rectal Nodule (cm) 	2 (IQR = 2)


 	#Enzian FA (%) 	46 (38%)


 	#Enzian FU (Left) (%) 	3 (2.5%)


 	#Enzian FU (Right) (%) 	1 (0.8%)


 	#Enzian FI (%) 	5 (4.1%)


 	Number of Resected Specimens 	3.66 ± 1.72





IQR, Interquartile range.
 


TABLE 3 Comparison between the general characteristics and symptomatology of patients with unilateral and bilateral ovarian endometriomas.


	Characteristics
	Unilateral endometrioma (n = 47)
	Bilateral endometriomas (n = 74)
	p value

 

 	Age (years) 	32.57 ± 6.3 	31.43 ± 5.4 	0.29


 	BMI (Kg/m2) 	23.5 ± 3.8 	24.22 ± 3.4 	0.28


 	Age at Menarche (years) 	13 (IQR = 1) 	13 (IQR = 1) 	0.71


 	Menstruation duration (days) 	4 (IQR = 1) 	4 (IQR = 1) 	0.69


 	Menstrual cycle regularity (%)


 	Regular 	42 (89.4%) 	63 (85.1%) 	0.59


 	Irregular 	5 (10.6%) 	11 (14.9%)


 	Menstrual flow (%)


 	Normal 	32 (68.1%) 	52 (70.3%) 	0.84


 	Menorrhagia 	15 (31.9%) 	22 (29.7%)


 	Medical and gynecologic history


 	Infertility (%) 	14 (29.8%) 	30 (40.5%) 	0.25


 	Primary 	10 (71.4%) 	20 (66.7%) 	1.00


 	Secondary 	4 (28.6%) 	10 (33.3%)


 	Surgical History (%) 	10 (21.3%) 	16 (21.6%) 	1.00


 	Hormonal treatment (%) 	13 (27.7%) 	39 (52.7%) 	0.008


 	Duration of treatment (months) 	12 (IQR = 17) 	8 (IQR = 6.25) 	0.48


 	CA-125 (IU/mL) 	38 (IQR = 50) 	60 (IQR = 112.11) 	0.11


 	AMH (ng/mL) 	3.30 (IQR = 1.87) 	2.04 (IQR = 2.99) 	0.09


 	Symptoms


 	Dysmenorrhea (%) 	46 (97.9%) 	73 (98.6%) 	1.00


 	VAS score 	8 (IQR = 1) 	7 (IQR = 1) 	0.37


 	Non cyclic pain (%) 	14 (29.8%) 	15 (20.3%) 	0.28


 	Dyspareunia (%) 	13 (27.7%) 	33 (44.6%) 	0.08


 	Diarrhea (%) 	7 (14.9%) 	9 (12.2%) 	0.78


 	Dyschezia (%) 	15 (31.9%) 	35 (47.3%) 	0.13


 	Constipation (%) 	15 (31.9%) 	28 (37.8%) 	0.56


 	Hematochezia (%) 	3 (6.4%) 	14 (18.9%) 	0.06


 	Dysuria (%) 	4 (8.5%) 	10 (13.5%) 	0.56


 	Urinary frequency (%) 	2 (4.3%) 	7 (9.5%) 	0.48


 	Urinary incontinence (%) 	1 (2.1%) 	4 (5.4%) 	0.65


 	Flank pain (%) 	10 (21.3%) 	17 (23%) 	1.00


 	Fatigue (%) 	12 (25.5%) 	23 (31.1%) 	0.54


 	Vomiting (%) 	6 (12.8%) 	13 (17.6%) 	0.61


 	Headache (%) 	8 (17%) 	14 (18.9%) 	0.86





BMI, Body Mass Index; CA, Cancer Antigen; AMH, Anti-Müllerian Hormone; VAS, Visual Analog Scale. Values written in bold indicate statistical significance.
 

The diagnosis of peritoneal endometriosis (#Enzian P) was comparable between patients with unilateral and bilateral ovarian endometriomas (36.2% vs. 35.1%, p = 1). Right-sided tubal involvement (#Enzian T) was more commonly encountered in patients with bilateral ovarian endometriomas (55.4% vs. 36.2%, p = 0.043), unlike the left-sided tubal involvement, which was comparable between both study groups. The involvement of the rectovaginal septum was more commonly seen in patients with bilateral ovarian endometriomas in comparison with those with unilateral endometriomas (77% vs. 59.6%, p = 0.045). Similarly, left-sided #Enzian B was more common in patients with bilateral endometriomas (82.4% vs. 57.4%, p = 0.003). Right-sided #Enzian B, rectal endometriosis (#Enzian C), and adenomyosis (#Enzian FA) were comparable between both groups. It should be also noted that the subgroup categorization according to the #Enzian classification of peritoneal and deep endometriosis did not differ significantly between the groups (p > 0.05). The intraoperative findings along with the surgical #Enzian classification of patients with unilateral and bilateral ovarian endometriomas are presented in Table 4.


TABLE 4 A comparison between the distribution of endometriosis according to the #Enzian classification in patients with unilateral and bilateral ovarian endometriomas.


	#Enzian classification
	Unilateral endometrioma (n = 47)
	Bilateral endometriomas (n = 74)
	p-value

 

 	#Enzian P (%) 	17 (36.2%) 	26 (35.1%) 	1.00


 	P1 	4 (23.5%) 	4 (15.4%) 	0.84


 	P2 	7 (41.2%) 	12 (46.2%)


 	P3 	6 (35.3%) 	10 (38.5%)


 	#Enzian T (Left) (%) 	24 (51.1%) 	49 (66.2%) 	0.13


 	T1 	2 (8.3%) 	5 (10.2%) 	0.68


 	T2 	4 (16.7%) 	13 (26.5%)


 	T3 	18 (75%) 	31 (63.3%)


 	#Enzian T (Right) (%) 	17 (36.2%) 	41 (55.4%) 	0.04


 	T1 	3 (17.6%) 	5 (12.2%) 	0.47


 	T2 	6 (35.3%) 	10 (24.4%)


 	T3 	8 (47.1%) 	26 (63.4%)


 	#Enzian A (%) 	28 (59.6%) 	57 (77%) 	0.045


 	A1 	3 (10.7%) 	4 (7%) 	0.42


 	A2 	11 (39.3%) 	16 (28.1%)


 	A3 	14 (50%) 	37 (64.9%)


 	#Enzian B (Left) (%) 	27 (57.4%) 	61 (82.4%) 	0.003


 	B1 	0 (0%) 	7 (11.5%) 	0.21


 	B2 	25 (92.6%) 	50 (82%)


 	B3 	2 (7.4%) 	4 (6.6%)


 	#Enzian B (Right) (%) 	31 (66%) 	52 (70.3%) 	0.69


 	B1 	4 (12.9%) 	7 (13.5%) 	0.84


 	B2 	24 (77.4%) 	42 (80.8%)


 	B3 	3 (9.7%) 	3 (5.8%)


 	#Enzian C (%) 	12 (25.5%) 	30 (40.5%) 	0.12


 	C1 	1 (8.3%) 	1 (3.3%) 	0.29


 	C2 	4 (33.3%) 	17 (56.7%)


 	C3 	7 (58.3%) 	12 (40%)


 	Rectal nodule size (cm) 	3 (IQR = 1.75) 	2 (IQR = 2) 	0.31


 	#Enzian FA (%) 	20 (42.6%) 	26 (35.1%) 	0.45


 	#Enzian FU (%) 	1.00


 	Left 	1 (2.1%) 	2 (2.7%)


 	Right 	0 (0%) 	1 (1.4%)


 	#Enzian FI (%) 	1 (2.1%) 	4 (5.4%) 	0.65


 	Number of Resected Specimens 	3.23 ± 1.4 	4.16 ± 1.5 	0.001





IQR, Interquartile range. Values written in bold indicate statistical significance.
 

Finally, the patients’ characteristics, symptomatology, and distribution of endometriosis did not differ significantly between patients with and without adenomyosis (data not shown).




4 Discussion

The debate of whether the different types of endometriosis are correlated in terms of the pathogenesis and the anatomical distribution remains open. In this study, we demonstrated that ovarian endometriomas most often coexist with deep endometriosis, unlike peritoneal endometriosis which coexists in around one-third of the patients. Our results also emphasized the left-sided predominance of ovarian endometriomas and deep endometriosis of the uterosacral ligament, cardinal ligament, and pelvic side wall. Interestingly, deep endometriosis of the #Enzian B compartment and ovarian endometriomas correlated spatially, since left-sided ovarian endometriomas coexist more frequently with left-sided deep endometriosis and right-sided endometriomas coexist more frequently with right-sided deep endometriosis.

Those results are of paramount importance in the diagnostic and therapeutic aspects of endometriosis because they demonstrated that the great majority of patients with ovarian endometriomas have coexisting deep endometriosis.

To the best of our knowledge, there is only one study that examined the distribution of deep endometriosis in correlation with ovarian endometriomas. Kwok et al. (21) investigated the distribution of deep endometriosis in patients with ovarian endometriomas. In line with our results, left-sided ovarian endometriomas were found to be more common than right-sided endometriomas. Moreover, deep endometriotic lesions were more frequently encountered on the left than the right body side with the uterosacral ligament being the most frequently involved structure (21). This corresponds also to our findings. In contrast to our results, Kwok et al. (21) reported more deep endometriotic lesions and a higher incidence of rectal and vaginal endometriosis in patients with unilateral endometriomas. Our analysis indicated that bilateral endometriomas correlated with a higher frequency of coexistent deep endometriosis in the rectovaginal septum.

(#Enzian A), left #Enzian B compartment, and right-sided tubal involvement (#Enzian T). The difference between the results of both studies is hard to explain in light of our current knowledge of endometriosis. One potential reason could be the ethnic differences between the two patient cohorts. The study of Kwok et al. (21) was carried out in China, unlike ours which was carried out in India. It is noteworthy that the study of Kwok et al. (21) did not assess the coexistence of deep and ovarian endometriosis since the inclusion criteria specified patients having both types of the disease.

In general, estimates about the coexistence of deep endometriosis and ovarian endometriomas are lacking in the available literature. Nonetheless, Somigliana et al. (22) reported that deep endometriosis coexists in 92% of cases with at least one different type of endometriosis generally, and it coexists in 53.7% of cases with ovarian endometriomas specifically. In fact, deep endometriosis was found isolated in only 6.5% of cases (22).

The left-sided predominance of endometriosis has been widely documented (13, 23, 24). Additionally, the uterosacral ligament followed by the rectovaginal septum were reported to be the most common location of deep endometriotic lesions (13, 22, 24, 25); which is in line with our results. This asymmetry has been attributed to the clockwise current of the peritoneal fluid induced by the bowel wall’s contraction (26). It is postulated that the regurgitated endometrial cells circulate with the peritoneal fluid and implant in anatomical locations where stasis may be provoked. This principle perfectly explains the left- and right-sided predominance of endometriosis in the pelvis and on the diaphragm, respectively (24, 27). The sigmoid colon is suggested to interrupt the peritoneal current and facilitate the implantation of the endometriotic cells in the left hemipelvis in a similar way to the falciform ligament that facilitates the implantation of endometriosis on the right diaphragmatic dome (26, 28). This notion is supported by the higher incidence of diaphragmatic and thoracic endometriosis on the right than on the left hemidiaphragm (26, 29). Although this postulation provides a plausible explanation of the endometriosis distribution within the body, it remains incapable of determining the origin of endometriosis. A recent study demonstrated that several endometriotic lesions at different body parts share the same clonality and they are more likely to develop from the same origin (30). This may mean that some lesions originate from either the endometrium or other coexisting endometriotic lesions. This postulation is supported by our observation that left-sided endometriomas associate with left-sided deep endometriosis and right-sided endometriomas also correlate to right-sided deep endometriosis.

Finally, it should be noted that the distribution of ovarian endometriomas was found to be influenced by age (28). Bazi et al. (28) reported a significant left-sided predilection of ovarian endometriomas in patients under 35 years old. The authors could not observe the same predilection of ovarian dermoid cysts to be right- or left-sided, indicating that the embryonic origin of endometriosis in younger ages is less probable.

This work has several limitations mostly inherent in the retrospective design of the study and the small sample size. Endometriosis has an important genetic and epigenetic predisposition. Therefore, including patients from the same region and ethnicity limits the generalizability of our results. Furthermore, this study is prone to selection bias due to the single-center design. Considering that the study was carried out at a referral center, the impact of selection bias on the obtained results should not be underestimated. One potential explanation of the high coincidence between endometriomas and deep endometriosis is the referral nature of our center, which may attract more complex cases. Additionally, the lack of a control group without ovarian endometrioma is a weak point because we could not validate the observed association in patients with deep endometriosis but without ovarian endometriomas. Moreover, the hormonal treatment rate is relatively high in our cohort. It is unclear whether hormonal treatments may influence the extension and distribution of endometriosis. Finally, we would like to highlight that despite the relatively large sample size, some subgroup analyses included a small number of patients, which make them underpowered to detect statistically significant differences between the groups, if they actually exist.



5 Conclusion

Ovarian endometriomas coexist most frequently with deep endometriosis of the pelvis. Patients with ovarian endometriomas should be preoperatively examined and screened for deep endometriosis in order to guarantee adequate preparation of surgery and complete excision of the disease. The sole surgical treatment of ovarian endometriomas often leads to leaving deep endometriotic lesions behind and consequent incomplete treatment of endometriosis. In patients with either unilateral or bilateral ovarian endometriomas, deep endometriosis is very likely to involve the left parametrium, right parametrium, or rectovaginal septum. Patients with unilateral endometriomas may have deep endometriosis in the ipsilateral hemipelvis. Future research should investigate the distribution of deep endometriosis in different patient populations from various spots of the world and include a control group to validate the observed correlation of ovarian endometriomas on the distribution of deep endometriosis.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving humans were approved by Ethical Review Board of Apollo Hospitals, Hyderabad, India. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.



Author contributions

VB: Conceptualization, Investigation, Resources, Writing – review & editing. AN: Conceptualization, Formal analysis, Investigation, Methodology, Writing – original draft. PS: Resources, Writing – review & editing. JK: Visualization, Writing – review & editing. AR: Resources, Writing – original draft. AL: Supervision, Writing – review & editing. AE: Writing – original draft. DA: Writing – original draft. GR: Writing – review & editing. VA: Writing – review & editing. AC: Writing – review & editing. RW: Conceptualization, Supervision, Writing – review & editing. HK: Conceptualization, Supervision, Writing – review & editing.



Funding

The author(s) declare that no financial support was received for the research and/or publication of this article.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

The reviewer IC declared past co-authorships with the author AL to the handling editor.

The author(s) declared that they were an editorial board member of Frontiers, at the time of submission. This had no impact on the peer review process and the final decision.



Generative AI statement

The authors declare that no Gen AI was used in the creation of this manuscript.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Abbreviations


TVUS, Transvaginal Ultrasound; MRI, Magnetic Resonance Imaging; MUSA, Morphological Uterus Sonographic Assessment; SD, Standard deviation; IQR, Interquartile range; SPSS, Statistical Package for Social Sciences; CA-125, Cancer Antigen-125; AMH, Anti-Müllerian Hormone.




Footnotes

1   www.equator-network.org


References
	 1. Zondervan, KT, Becker, CM, and Missmer, SA. Endometriosis. N Engl J Med. (2020) 382:1244–56. doi: 10.1056/NEJMra1810764
	 2. Haas, D, Chvatal, R, Reichert, B, Renner, S, Shebl, O, Binder, H , et al. Endometriosis: a premenopausal disease? Age pattern in 42,079 patients with endometriosis. Arch Gynecol Obstet. (2012) 286:667–70. doi: 10.1007/s00404-012-2361-z 
	 3. Shafrir, AL, Farland, LV, Shah, DK, Harris, HR, Kvaskoff, M, Zondervan, K , et al. Risk for and consequences of endometriosis: a critical epidemiologic review. Best Pract Res Clin Obstet Gynaecol. (2018) 51:1–15. doi: 10.1016/j.bpobgyn.2018.06.001 
	 4. Viganò, P, Parazzini, F, Somigliana, E, and Vercellini, P. Endometriosis: epidemiology and aetiological factors. Best Pract Res Clin Obstet Gynaecol. (2004) 18:177–200. doi: 10.1016/j.bpobgyn.2004.01.007 
	 5. Vercellini, P, Viganò, P, Somigliana, E, and Fedele, L. Endometriosis: pathogenesis and treatment. Nat Rev Endocrinol. (2014) 10:261–75. doi: 10.1038/nrendo.2013.255 
	 6. Nisolle, M, and Donnez, J. Peritoneal endometriosis, ovarian endometriosis, and adenomyotic nodules of the rectovaginal septum are three different entities. Fertil Steril. (2019) 112:e125–36. doi: 10.1016/j.fertnstert.2019.08.081
	 7. Leonardi, M, Reid, S, Lu, C, and Condous, G. Prevalence of deep endometriosis and rectouterine pouch obliteration in the presence of normal ovaries. J Obstet Gynaecol Can. (2020) 42:1211–6. doi: 10.1016/j.jogc.2020.04.007 
	 8. Alson, S, Jokubkiene, L, Henic, E, and Sladkevicius, P. Prevalence of Endometrioma and deep infiltrating endometriosis at transvaginal ultrasound examination of subfertile women undergoing assisted reproductive treatment. Fertil Steril. (2022) 118:915–23. doi: 10.1016/j.fertnstert.2022.07.024 
	 9. Koninckx, PR, Ussia, A, Adamyan, L, Wattiez, A, and Donnez, J. Deep endometriosis: definition, diagnosis, and treatment. Fertil Steril. (2012) 98:564–71. doi: 10.1016/j.fertnstert.2012.07.1061 
	 10. Koninckx, PR, and Martin, DC. Deep endometriosis: a consequence of infiltration or retraction or possibly Adenomyosis externa? Fertil Steril. (1992) 58:924–8. doi: 10.1016/s0015-0282(16)55436-3 
	 11. Tomassetti, C, Johnson, NP, Petrozza, J, Abrao, MS, Einarsson, JI, Horne, AW , et al. An international terminology for endometriosis, 2021. J Minim Invasive Gynecol. (2021) 28:1849–59. doi: 10.1016/j.jmig.2021.08.032 
	 12. Dai, Y, Leng, JH, Lang, JH, Li, XY, and Zhang, JJ. Anatomical distribution of pelvic deep infiltrating endometriosis and its relationship with pain symptoms. Chin Med J. (2012) 125:209–13. doi: 10.3760/cma.j.issn.0366-6999.2012.02.009
	 13. Audebert, A, Petousis, S, Margioula-Siarkou, C, Ravanos, K, Prapas, N, and Prapas, Y. Anatomic distribution of endometriosis: a reappraisal based on series of 1101 patients. Eur J Obstet Gynecol Reprod Biol. (2018) 230:36–40. doi: 10.1016/j.ejogrb.2018.09.001 
	 14. Cornillie, FJ, Oosterlynck, D, Lauweryns, JM, and Koninckx, PR. Deeply infiltrating pelvic endometriosis: histology and clinical significance. Fertil Steril. (1990) 53:978–83. doi: 10.1016/s0015-0282(16)53570-5 
	 15. Abrão, MS, Petraglia, F, Falcone, T, Keckstein, J, Osuga, Y, and Chapron, C. Deep endometriosis infiltrating the recto-sigmoid: critical factors to consider before management. Hum Reprod Update. (2015) 21:329–39. doi: 10.1093/humupd/dmv003 
	 16. Fleischer, K, Bachi, A, Kam, J, Narayanan, P, Nair, R, and Khazali, S. Bladder endometriosis: what do we know and what is left to find out? A narrative review. Best Pract Res Clin Obstet Gynaecol. (2024) 96:102536. doi: 10.1016/j.bpobgyn.2024.102536 
	 17. Barra, F, Scala, C, Biscaldi, E, Vellone, VG, Ceccaroni, M, Terrone, C , et al. Ureteral endometriosis: a systematic review of epidemiology, pathogenesis, diagnosis, treatment, risk of malignant transformation and fertility. Hum Reprod Update. (2018) 24:710–30. doi: 10.1093/humupd/dmy027 
	 18. Keckstein, J, Saridogan, E, Ulrich, UA, Sillem, M, Oppelt, P, Schweppe, KW , et al. The #Enzian classification: a comprehensive non-invasive and surgical description system for endometriosis. Acta Obstet Gynecol Scand. (2021) 100:1165–75. doi: 10.1111/aogs.14099 
	 19. Benchimol, EI, Smeeth, L, Guttmann, A, Harron, K, Moher, D, Petersen, I , et al. The reporting of studies conducted using observational routinely-collected health data (Record) statement. PLoS Med. (2015) 12:e1001885. doi: 10.1371/journal.pmed.1001885 
	 20. Harmsen, MJ, Van den Bosch, T, de Leeuw, RA, Dueholm, M, Exacoustos, C, Valentin, L , et al. Consensus on revised definitions of morphological uterus sonographic assessment (Musa) features of Adenomyosis: results of modified Delphi procedure. Ultrasound Obstet Gynecol. (2022) 60:118–31. doi: 10.1002/uog.24786 
	 21. Kwok, H, Jiang, H, Li, T, Yang, H, Fei, H, Cheng, L , et al. Lesion distribution characteristics of deep infiltrating endometriosis with ovarian Endometrioma: an observational clinical study. BMC Womens Health. (2020) 20:111. doi: 10.1186/s12905-020-00974-y 
	 22. Somigliana, E, Infantino, M, Candiani, M, Vignali, M, Chiodini, A, Busacca, M , et al. Association rate between deep peritoneal endometriosis and other forms of the disease: Pathogenetic implications. Hum Reprod. (2004) 19:168–71. doi: 10.1093/humrep/deg513 
	 23. Chapron, C, Chopin, N, Borghese, B, Foulot, H, Dousset, B, Vacher-Lavenu, MC , et al. Deeply infiltrating endometriosis: Pathogenetic implications of the anatomical distribution. Hum Reprod. (2006) 21:1839–45. doi: 10.1093/humrep/del079 
	 24. Chapron, C, Fauconnier, A, Vieira, M, Barakat, H, Dousset, B, Pansini, V , et al. Anatomical distribution of deeply infiltrating endometriosis: surgical implications and proposition for a classification. Hum Reprod. (2003) 18:157–61. doi: 10.1093/humrep/deg009 
	 25. Morgan-Ortiz, F, López-de la Torre, MA, López-Zepeda, MA, Morgan-Ruiz, FV, Ortiz-Bojórquez, JC, and Bolívar-Rodríguez, MA. Clinical characteristics and location of lesions in patients with deep infiltrating endometriosis using the revised Enzian classification. J Turk Ger Gynecol Assoc. (2019) 20:133–7. doi: 10.4274/jtgga.galenos.2018.2018.0120 
	 26. Vercellini, P, Abbiati, A, Viganò, P, Somigliana, ED, Daguati, R, Meroni, F , et al. Asymmetry in distribution of diaphragmatic Endometriotic lesions: evidence in favour of the menstrual reflux theory. Hum Reprod. (2007) 22:2359–67. doi: 10.1093/humrep/dem224 
	 27. Naem, A, Andrikos, A, Constantin, AS, Khamou, M, Andrikos, D, Laganà, AS , et al. Diaphragmatic endometriosis-a single-center retrospective analysis of the patients' demographics, symptomatology, and long-term treatment outcomes. J Clin Med. (2023) 12:6455. doi: 10.3390/jcm12206455 
	 28. Bazi, T, Abi Nader, K, Seoud, MA, Charafeddine, M, Rechdan, JB, and Zreik, TG. Lateral distribution of Endometriomas as a function of age. Fertil Steril. (2007) 87:419–21. doi: 10.1016/j.fertnstert.2006.06.028 
	 29. Alifano, M, Trisolini, R, Cancellieri, A, and Regnard, JF. Thoracic endometriosis: current knowledge. Ann Thorac Surg. (2006) 81:761–9. doi: 10.1016/j.athoracsur.2005.07.044 
	 30. Praetorius, TH, Leonova, A, Lac, V, Senz, J, Tessier-Cloutier, B, Nazeran, TM , et al. Molecular analysis suggests Oligoclonality and metastasis of endometriosis lesions across anatomically defined subtypes. Fertil Steril. (2022) 118:524–34. doi: 10.1016/j.fertnstert.2022.05.030 


Copyright
 © 2025 Bindra, Naem, Swetha, Kahla, Reddy, Laganà, Etrusco, Andrikos, Riemma, Agrifoglio, Constantin, De Wilde and Krentel. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/xhtml/Nav.xhtml




Contents





		Cover



		Mapping deep endometriosis in patients with ovarian endometriomas according to the #Enzian classification: a single-center retrospective analysis



		1 Introduction



		2 Materials and methods



		3 Results



		3.1 General characteristics



		3.2 Unilateral versus bilateral ovarian endometriomas









		4 Discussion



		5 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Generative AI statement



		Publisher’s note



		Abbreviations



		Footnotes



		References



















OPS/images/cover.jpg
& frontiers | Frontiers in Medicine

Mapping deep endometriosis in
patients with ovarian
endometriomas according to the
#Enzian classification: a
single-center retrospective
analysis












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Medicine






