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Introduction

Deep infiltrating endometriosis (DIE) is a sub-entity of endometriosis traditionally defined as a depth of tissue infiltration > 5mm [START_REF] Koninckx | Deep endometriosis: a consequence of infiltration or retraction or possibly adenomyosis externa?[END_REF]. However its current definition as a fibrous/muscular infiltration of organs and anatomical structure containing endometrial tissue below the peritoneum regardless of depth of infiltration is more consistent with clinical practice and imaging and histological findings. DIE may affect 20% of women with endometriosis and is a leading cause of pain and subfertility and is associated with altered quality of life [START_REF] Fauconnier | Epidemiology and diagnosis strategy: CNGOF-HAS Endometriosis Guidelines[END_REF].

Surgery is a cornerstone in DIE treatment, particularly among women wishing to conceive in whom hormonal therapy must be avoid. The aim of surgery is the complete removal of DIE lesions. Indeed, complete macroscopic resection is associated with better outcomes in subsequent fertility and pain relief compared to incomplete procedures [START_REF] Collinet | Management of endometriosis: CNGOF/HAS clinical practice guidelines -Short version[END_REF]. Focusing on fertility, several studies have reported high rates of spontaneous conception following surgery [START_REF] Cohen | Fertility before and after surgery for deep infiltrating endometriosis with and without bowel involvement: a literature review[END_REF][START_REF] Iversen | Does surgery for deep infiltrating bowel endometriosis improve fertility? A systematic review[END_REF][START_REF] Roman | High postoperative fertility rate following surgical management of colorectal endometriosis[END_REF]. On the other hand, complete removal may require more complex procedures that trigger potentially severe postoperative complications [START_REF] Bourdel | Long-term evaluation of painful symptoms and fertility after surgery for large rectovaginal endometriosis nodule: a retrospective study[END_REF][START_REF] Donnez | Complications, pregnancy and recurrence in a prospective series of 500 patients operated on by the shaving technique for deep rectovaginal endometriotic nodules[END_REF]. Hence, DIE surgery has to be performed in referral centers providing a multidisciplinary approach and trained surgeons [START_REF] Working Group Of Esge | Recommendations for the surgical treatment of endometriosis. Part 2: deep endometriosis[END_REF].

In contrast, data addressing the learning curve of laparoscopic DIE conservative surgery are sparse. In their retrospective study of 60 first cases, Carmona et al have observed a significant reduction in operative time, blood loss, rates of incomplete removals and recurrence with increasing surgeon's experience [START_REF] Carmona | Does the learning curve of conservative laparoscopic surgery in women with rectovaginal endometriosis impair the recurrence rate?[END_REF]. These data support the existence of a learning curve. Moreover, postoperative spontaneous pregnancy rate (SPR) may also be a good indicator of surgeons' skills, especially in patients presenting with endometriosis-associated infertility. However, to our knowledge, no study has considered the learning curve from this point of view.

The aim of the present study was thus to investigate the impact of the learning curve of DIE conservative surgery on the SPR in infertile women.

Patients and methods

Study design

From January 2015 to December 2018, the first 50 consecutive infertile patients referred to a single surgeon (FV) for DIE conservative surgery were included in this retrospective study. All procedures were performed in a single tertiary referral center for endometriosis (Academic Hospital, Toulouse, France). Inclusion criteria comprised:

-Age ranging from 18 to 42 years infertility of at least 12 months sperm features compatible with spontaneous fertility suspected DIE on clinical examination and preoperative pelvic MRI, confirmed at the time of surgery -FV as the leading surgeon.

The sample size of the population was based on previous reports on the learning curve for complex laparoscopic procedures [START_REF] Carmona | Does the learning curve of conservative laparoscopic surgery in women with rectovaginal endometriosis impair the recurrence rate?[END_REF][START_REF] Akladios | Laparoscopic sacrocolpopexy for female genital organ prolapse: establishment of a learning curve[END_REF][START_REF] Vignali | Surgical treatment of deep endometriosis and risk of recurrence[END_REF]. Hence the study population was stratified as follows:

early group included the first 25 cases; -late group included the 25 subsequent cases.

According to French law on ethics, all patients received information regarding the potential use of their medical data for clinical research purpose, and all of them agreed to participate to the study. The University Hospital of Toulouse signed a commitment of compliance to the reference methodology MR-004 of the French National Commission for Informatics and Liberties (CNIL). After evaluation, the present study was approved by the ethics committee of the University Hospital of Toulouse which confirmed that ethic requirements were fully respected. It was thus referenced in the register of retrospective studies (registration number: RnIPH 2020-26) and covered by the MR-004 (CNIL number: 2206723 v 0).

Objectives of the study

Our primary objective was to evaluate the impact of the learning curve on postoperative SPR. SPR was defined as a clinical pregnancy, according to the International Glossary on Infertility [START_REF] Zegers-Hochschild | The International Glossary on Infertility and Fertility Care[END_REF], occurring spontaneously in the postoperative period.

Our secondary objectives investigated the impact of the learning curve on the following items:

live birth rate (LBR) after spontaneous conception, as defined by the World Health Organization overall PR, compiling both spontaneous and assisted reproductive technology (ART) clinical pregnancies and overall LBR postoperative complication rate according to Clavien-Dindo classification [START_REF] Dindo | Classification of surgical complications: a new proposal with evaluation in a cohort of 6336 patients and results of a survey[END_REF] clinical recurrence rate. Clinical recurrence was defined by both recurred symptoms and recurred lesions on MRI.

Patients' management

Preoperative workup systematically comprised:

for women: full hormone measurement (AMH, FSH, LH, estradiol), high quality transvaginal ultrasound and pelvic MRI; additional transrectal ultrasound was performed when rectal or sigmoid involvement was suspected on MRI in order to determine the depth of infiltration and to accurately define modalities of subsequent surgical management (conservative or radical); -for men: sperm examination.

Treatment strategy was validated in multidisciplinary meetings prior surgery in all cases.

All procedures were performed under general anesthesia. Antimicrobial prophylaxis was administered in all cases (intravenous infusion of Cefazolin 2g). Ureteric catheters were inserted cystoscopically in case of bladder infiltration or ureteral involvement. All procedures were conducted through laparoscopic route using a 10mm infra-umbilical port and 3 additional 5mm ports (1 in the supra pubic midline, 1 in each lower quadrant). Following steps were performed during the surgeries:

evaluation of tubal patency; -adnexal adhesiolysis;

conventional ovarian cystectomy when applicable; -identification of both ureters after opening of the peritoneum until their penetration in the cardinal ligaments;

opening of pararectal spaces; -identification of splanchnic nerves in case of parametrial extension;

excision of all endometriotic lesions, either superficial or deeply infiltrating;

disease stage according to ASRM classification.

The management of bowel infiltration was planned according to the preoperative workup. Superficial lesions (infiltration limited to the serosa or the muscularis layer) were treated with conservative resection (shaving). Infiltration of the submucosa were managed with either conservative (deep shaving) or radical (segmental resection) surgery, depending on lesion size and location. Mucosa infiltration systematically led to segmental resection.

Bladder infiltration was managed by partial cystectomy. In such cases, bladder catheterization was maintained postoperatively for 7 days.

Statistical analysis

All data were collected retrospectively. They were anonymized and de identified prior analysis. Statistical analyses were performed using SPSS ® software (IBM, USA). For quantitative variables, we performed average comparison (Student's t-test) or rank tests (Mann-Whitney) according to the normality of the variable. We used the Chisquare test for the comparison of qualitative variables. Kaplan-Meier curves were built to estimate the probability of spontaneous pregnancy according to postoperative time and subgroup assignation. A logistic regression model was performed to identify prognostic factors of postoperative spontaneous pregnancy. A p-value <0.05 was considered significant.

Results

Demographics

Except for age, which was significantly higher in the late subpopulation there was no significant difference between the 2 groups for demographic parameters (Table 1).

Moreover, the 2 sub-populations displayed no significant difference regarding endometriosis features (Table 2). Most patients (78%) presented with ASRM stages III and IV. Surgical parameters and outcomes (Table 3) All procedures were performed through laparoscopic route and none required conversion to laparotomy. The blood loss significantly decreased with surgeon experience (67ml versus 110 in the early group, p=0.04). The other surgical parameters did not significantly differ between the 2 groups. Mean EFI score was similar between groups as well. Severe postoperative morbidity (Clavien Dindo > 3) was relatively low, accounting for 4 patients (8%), and was not impacted by surgeon's learning curve. Two patients suffered from postoperative hemoperitoneum at postoperative day 1 which systematically required reoperation through laparoscopic route. None of them had required additional blood transfusion. They both belonged to the early group. One patient presented with vaginal scar dehiscence that was managed by simple sutures through vaginal route (early group).

One patient had a renal colic at postoperative day 2 due to ureter external compression that was managed with ipsilateral ureteric stenting (late group). The clinical recurrence rate was 10%, with a mean follow up of 34.1 months, and did not differ between groups (16% in the early group versus 4% in the late group, p=0.16).

As expected, follow up duration was higher in the early group (44.7 months versus 23.4 in the late group, respectively; p<10 -5 ).

Fertility outcomes (Table 4)

In the whole study population, SPR and overall PR were 48% and 72%, respectively.

Spontaneous and overall LBR were 42% and 57%. Subgroup analysis did not show any difference in spontaneous PR: 40% in the early group versus 56% in the late group (p=0.25). Similarly, spontaneous LBR was similar in both subgroups (40% versus 44%, p=0.77). Time to spontaneous pregnancy did not differ either (Figure 1).

In contrast, overall LBR was significantly higher in early patients (76% versus 48% in late group, respectively; p=0.008). Noteworthy, early patients were more likely to benefit from ART (60% versus 28% in the late group, p=0.02).

Logistic regression analysis revealed that the learning curve did not impact the spontaneous PR (Table 5). In contrast, ASRM stage, EFI score, and body mass index appeared as significant prognostic factors.

Discussion

The results of our study show that surgical resection of deep infiltrating endometriosis (DIE) in infertile women is associated with high spontaneous pregnancy rate (SPR) and that the surgeon's experience does not significantly impact postoperative fertility outcomes. To our knowledge, we provide the first study that specifically addresses the influence of surgical training on the likelihood of subsequent spontaneous pregnancy in the setting of DIE and infertility.

While underlying mechanisms are still not fully understood [START_REF] Tanbo | Endometriosis-associated infertility: aspects of pathophysiological mechanisms and treatment options[END_REF], endometriosis is undoubtedly associated with impaired fertility [START_REF] Eijkemans | Pregnancy chances on an IVF/ICSI waiting list: a national prospective cohort study[END_REF]. As regards DIE, spontaneous PR without disease removal is low, ranging from to 8.7% to 13% [START_REF] Barri | Endometriosisassociated infertility: surgery and IVF, a comprehensive therapeutic approach[END_REF][START_REF] Bianchi | Extensive excision of deep infiltrative endometriosis before in vitro fertilization significantly improves pregnancy rates[END_REF][START_REF] Vercellini | Reproductive performance in infertile women with rectovaginal endometriosis: is surgery worthwhile?[END_REF]. Hence recent French guidelines have advocated for active management in women suffering from DIE and seeking pregnancy [START_REF] Mathieu D'argent | Deeply infiltrating endometriosis and infertility: CNGOF-HAS Endometriosis Guidelines[END_REF]. Indeed, in a retrospective study including 505 patients with rectovaginal endometriosis, spontaneous PR was significantly lower in patients managed expectantly compared to those who had undergone surgical removal of the lesions (17.3% versus 35.7%, p<0.001) [START_REF] Roberti Maggiore | Spontaneous fertility after expectant or surgical management of rectovaginal endometriosis in women with or without ovarian endometrioma: a retrospective analysis[END_REF]. Consistently, numerous studies have reported favorable fertility outcomes following DIE surgery (4, 8), including bowel endometriosis [START_REF] Iversen | Does surgery for deep infiltrating bowel endometriosis improve fertility? A systematic review[END_REF][START_REF] Bourdel | Long-term evaluation of painful symptoms and fertility after surgery for large rectovaginal endometriosis nodule: a retrospective study[END_REF]. However, most of them reported outcome in both infertile patients and women with a desire for pregnancy, whereas the impact of surgery might not be similar in those 2 different subgroups [START_REF] Roman | High postoperative fertility rate following surgical management of colorectal endometriosis[END_REF][START_REF] Hudelist | Pain and fertility outcomes of nerve-sparing, full-thickness disk or segmental bowel resection for deep infiltrating endometriosis-A prospective cohort study[END_REF]. Furthermore, several trials have described the overall PR rather than the spontaneous PR alone.

When focusing on recent data addressing postoperative spontaneous conception in infertile patients, PR ranged from 38 to 42.6% [START_REF] Roman | High postoperative fertility rate following surgical management of colorectal endometriosis[END_REF][START_REF] Hudelist | Pain and fertility outcomes of nerve-sparing, full-thickness disk or segmental bowel resection for deep infiltrating endometriosis-A prospective cohort study[END_REF][START_REF] Centini | Impact of Laparoscopic Surgical Management of Deep Endometriosis on Pregnancy Rate[END_REF]. In the subgroup of infertile women with colorectal DIE, a review by Darai et al reported a spontaneous PR of 31.4% [START_REF] Darai | Colorectal endometriosis and fertility[END_REF]. Our results are in line with such findings, with spontaneous PR and LBR of 48% and 42% during a follow up period of 34.1 months. However, despite the use of rigorous inclusion criteria particularly regarding infertility definition, our fertility outcome may have been overestimated for the following reasons:

the causality between DIE and patients' infertility might be overrated in our population. Indeed, 56% of patients suffered from dyspareunia which necessarily exposes to reduced exposure to pregnancy through avoidance of sexual intercourses. Hence it is unclear whether all patients presented with a "true infertility", defined as failure to get pregnant despite adequate exposure to conception.

-In our department, infertile patients with DIE and normal sperm features do not systematically undergo surgery. Thus, some of them are managed with upfront assisted reproductive technology (ART). Our local policy regarding management of DIE associated-infertility involves several parameters, including woman's age and medical history, ovarian reserve, associated pain and impaired quality of life, foreseeable extent of surgery and preference for patient. A benefit/risk ratio is defined for each patient, which might expose to a potential risk of selection bias towards preferential recruitment of patients with a better prognosis regarding spontaneous conception.

In the setting of infertility and DIE, it is of tremendous importance to accurately predict the probability of postoperative pregnancy, especially among women whose quality of life is not harshly impaired by endometriosis. When sperm features are compatible with natural conception, EFI displays the major advantage over ASRM classification to compile pre and per operative parameters associated with postoperative spontaneous fertility. Since its first description [START_REF] Adamson | Endometriosis fertility index: the new, validated endometriosis staging system[END_REF], its reliability in the prediction of postoperative non ART pregnancy have been confirmed by several trials and meta-analyses [START_REF] Tomassetti | Reproducibility of the Endometriosis Fertility Index: a prospective inter-/intra-rater agreement study[END_REF][START_REF] Vesali | Endometriosis Fertility Index for predicting non-assisted reproductive technology pregnancy after endometriosis surgery: a systematic review and metaanalysis[END_REF]. Recent French guidelines have thus recommended its systematic use following endometriosis surgery to accurately define subsequent fertility management (Grade C) [START_REF] Boujenah | First line management without IVF of infertility related to endometriosis: Result of medical therapy? Results of ovarian superovulation? Results of intrauterine insemination? CNGOF-HAS Endometriosis Guidelines[END_REF]. As expected, EFI was a significant prognostic factor of spontaneous PR in our study population. Other factors included ASRM stage and body mass index. In contrast, it is noteworthy that the surgical learning curve did not impact the likelihood of spontaneous conception. DIE surgery is commonly considered as a challenging situation for several reasons:

the aim of the procedure is full disease resection whilst preserving fertility (3); -DIE often distort anatomy through its invasiveness of surrounding organs; complete lesions removal thus requires appropriate surgical skills including a perfect knowledge of anatomical structures and landmarks; -complete resection may expose patients to potentially severe complications, particularly when bowel or parametrium resections are required [START_REF] Bourdel | Long-term evaluation of painful symptoms and fertility after surgery for large rectovaginal endometriosis nodule: a retrospective study[END_REF]; -severe postoperative complications may reduce the likelihood of subsequent spontaneous fertility (29); -although endometriosis is a benignant condition, recurrence rate is high, even when complete resection is obtained.

Data addressing the impact of the surgeon's learning curve on surgical outcomes are scarce. Carmona et al have observed a significant relationship between surgeon's experience and surgical completeness and, consistently, recurrence rate [START_REF] Carmona | Does the learning curve of conservative laparoscopic surgery in women with rectovaginal endometriosis impair the recurrence rate?[END_REF]. They have also reported a decrease in operating time and in blood loss along the learning curve. In our study, the surgeon's experience only impacted blood loss. The current widespread use of laparoscopic route for surgical management of DIE may explain the lack of significant difference regarding other parameters. Indeed, our study surgeon has participated to many laparoscopic procedures (for endometriosis and other indications) during his residency and fellowship, which has probably favored the acquisition of specific gesture and surgical steps. Therefore, our data suggest that a young surgeon with appropriate curriculum and multidisciplinary environment may manage DIE patients without hindering subsequent fertility nor further disease evolution.

Our study does suffer from limitations. First, its retrospective design reluctantly exposes to missing data. Then, patients' allocation to study arm was not randomized since it was based on the date of surgery. Nevertheless, study groups were comparable regarding baseline demographics, disease extent and type of surgical procedures performed. Additionally, a single practitioner performed all surgeries in a single tertiary facility, and all procedures, during the defined learning curve, were included. We thus believe that the data depicted here are reproducible.

In conclusion, surgical management of DIE is a challenging situation that should be discussed in multidisciplinary meetings, especially in women seeking pregnancy or with a desire for fertility preservation. Such patients should thus be systematically referred to dedicated facilities. Surgery triggers favorable fertility outcomes, with a high rate of spontaneous pregnancies, regardless of the leading surgeon's experience. Indeed, we do believe that the surgeon's curriculum is probably more important than the crude number of past procedures she/he has actually performed. 

Tables

Table 1 .

 1 Comparative demographics according to study groups

				Early Group	Late Group	p-value
				N=25	N=25	
	Age, mean (years)		31.7 ± 3.9	34.0 ± 3.5	0.04
	BMI, mean (kg/m 2 )		24.0 ± 4.3	22.6 ± 3.5	0.2
	Parity, median		0 (0-1)	0 (0-2)	0.14
	Nulliparous			24 (96%)	21 (84%)	0.16
	Infertility duration (months)	26.7 ± 24.2	19.4 ± 18.5	0.19
	History of ART				0.7
	No			22 (88%)	20 (80%)	
	Yes			5 (12%)	20 (20%)	
	Baseline	AMH,	mean	3 ± 2.8	3.2 ± 3.5	0.77
	(ng/ml)					
	Pelvic pain					
	Dysmenorrhea		22 (88%)	21 (84%)	1
	Dyspareunia		13 (52%)	15 (60%)	0.57
	Non cyclic pelvic pain	10 (40%)	17 (68%)	0.05
	Pain on defecation		11 (44%)	9 (36%)	0.56
	Urinary symptoms		3 (12%)	5 (20%)	0.7
	BMI = body mass index; ART = assisted reproductive technology; AMH = anti-
	mullerian hormone				

Table 2 .

 2 Endometriosis features according to study groups 400

					Early Group	Late Group	p-value
					N=25	N=25
		Endometriotic cyst		0.76
		Absence			16 (64%)	15 (60%)
		Unilateral			5 (20%)	4 (16%)
		Bilateral			4 (16%)	6 (24%)
		Greater	diameter	of
		endometriotic cyst, mean (mm)	40 ± 2	39 ± 1.8	0.92
		DIE lesions location	
		Uterosacral ligaments		18 (72%)	20 (80%)	0.51
		Torus			13 (52%)	15 (60%)	0.57
		Rectovaginal space		9 (36%)	7 (28%)	0.54
		Parametrium		2 (8%)	4 (16%)	0.4
		Bladder			2 (8%)	1 (4%)	0.51
		ASRM score, mean		38 ± 26.7	38 ± 22.5	0.97
		ASRM classification		0.85
		Stage I			0	0
		Stage II			6 (24%)	5 (20%)
		Stage III			8 (32%)	7 (28%)
		Stage IV			11 (44%)	13 (52%)
	401	mm = millimeter; DIE = deep infiltrating endometriosis; ASRM = American Society of
	402	Reproductive Medicine	

Table 4 .

 4 Postoperative fertility outcomes

		Early Group	Late Group	p-value
		N=25	N=25	
	Spontaneous pregnancy rate	40%	56%	0.26
	Overall pregnancy rate	80%	64%	0.21
	Live birth rate after spontaneous			
	pregnancy	40%	44%	0.77
	Overall live birth rate	76%	48%	0.008
	Patients managed with IVF/ICSI	15	7	0.02
	Time to spontaneous pregnancy	9.8 ± 7.2	7 ± 4.6	0.29
	(months)			
	IVF = in vitro fertilization; ICSI = intracytoplasmic sperm injection	

Table 5 .

 5 Prognostic factors of postoperative spontaneous pregnancy after logistic Time to spontaneous pregnancy according to study groups (Kaplan-Meier curves)

	regression analysis					
		B	SE	Wald	df	OR (CI 95%)	p-value
	Learning curve	0.335	0.717	0.57	1	1.4 (0.34-5.7)	0.45
	Blood loss	-0.02	0.006	1.67	1	0.99 (0.98-1.01) 0.2
	Procedure duration -0.01	0.005	2.61	1	0.99 (0.98-1)	0.11
	BMI	-0.23	0.12	5.7	1	0.79 (0.64-0.98) 0.02
	EFI score	0.6	0.23	8.43	1	1.82 (1.16-2.87)	0.004
	ASRM stage	1.21	0.47	8.31	1	3.35 (1.34-8.35) 0.004
	BMI = body mass index; EFI = Endometriosis Fertility Index; ASRM = American
	Society of Reproductive Medicine				

spontaneous pregnancy.
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