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Introduction

The prevalence of congenital uterine malformations in patients could be as high as 7% [START_REF] Nahum | Uterine anomalies. How common are they, and what is their distribution among subtypes?[END_REF][START_REF] Faivre | Accuracy of Three-Dimensional Ultrasonography in Differential Diagnosis of Septate and Bicornuate Uterus Compared with Office Hysteroscopy and Pelvic Magnetic Resonance Imaging[END_REF]. Bicorporeal uterus, resulting from a complete failure of fusion of the two müllerian ducts, account for 11% of uterine malformations. The association of bicorporeal uterus, blind hemivagina and ipsilateral renal agenesis constitutes the Herlyn-Werner-Wunderlich syndrome [START_REF] Herlyn | Simultaneous occurrence of an open Gartner-duct cyst, a homolateral aplasia of the kidney and a double uterus as a typical syndrome of abnormalities[END_REF].

It is generally accepted that uterine malformations could be held responsible for altered fertility, mostly because their prevalence seems higher in patients with infertility than their fertile counterparts [START_REF] Nahum | Uterine anomalies. How common are they, and what is their distribution among subtypes?[END_REF][START_REF] Faivre | Accuracy of Three-Dimensional Ultrasonography in Differential Diagnosis of Septate and Bicornuate Uterus Compared with Office Hysteroscopy and Pelvic Magnetic Resonance Imaging[END_REF]. However, studies specifically evaluating fertility in patients with bicorporeal uterus are rare and available data are conflicting [START_REF] Tzialidou-Palermo | Diagnostic challenges of hemihematocolpos and dysmenorrhea in adolescents: obstructed hemivagina, didelphys or bicornuate uterus and renal aplasia is a rare female genital malformation[END_REF][START_REF] Haddad | Blind hemivagina: long-term follow-up and reproductive performance in 42 cases[END_REF][START_REF] Raga | Reproductive impact of congenital Müllerian anomalies[END_REF][START_REF] Joki-Erkkilä | Presenting and long-term clinical implications and fecundity in females with obstructing vaginal malformations[END_REF]. Some authors have reported pregnancy outcomes of patients with bicorporeal uterus and blind hemivagina albeit from small cohorts, since this specific entity is quite rare. While they consistently report a higher risk of premature delivery, preeclampsia, or breech presentation [START_REF] Raga | Reproductive impact of congenital Müllerian anomalies[END_REF][START_REF] Chan | Reproductive outcomes in women with congenital uterine anomalies: a systematic review[END_REF][START_REF] Heinonen | Pregnancies in women with uterine malformation, treated obstruction of hemivagina and ipsilateral renal agenesis[END_REF], whether it has impact on the early or late miscarriage rate or not remains unclear [START_REF] Raga | Reproductive impact of congenital Müllerian anomalies[END_REF][START_REF] Chan | Reproductive outcomes in women with congenital uterine anomalies: a systematic review[END_REF]. Furthermore, to the best of our knowledge, factors predicting fertility and pregnancy outcomes have not been reported and this would be highly relevant to help clinicians counsel patients who wish to conceive.

The main objective of our study was therefore to evaluate fertility and pregnancy outcomes in patients with bicorporeal uterus and blind hemivagina. Our second objective was to investigate factors predicting fertility and pregnancy outcomes in those patients.

Material and Methods

Study population

We conducted a retrospective analysis of patients managed between 1989 and 2010 in our tertiary referral gynaecological department of the Centre Hospitalier Intercommunal de Creteil, France. All patients referred for a bicorporeal uterus and a blind hemivagina were included, which correspond to patients classified U3C2V2 according to the latest European Society of Human Reproduction and Embryology (ESHRE) classification of Mullerian anomalies [START_REF] Grimbizis | The Thessaloniki ESHRE/ESGE consensus on diagnosis of female genital anomalies[END_REF]. Patients with other malformations such as septate uterus (U2) and unicervical bicornuate (U3C0) uterus were excluded. All patients included had their diagnosis confirmed by both a clinical examination and an imaging exam.

Initial characteristics of the patients included were extracted from their medical charts: demographic data, symptoms leading to the diagnosis, clinical and initial radiological assessment of the malformation. Surgical management was decided on by a surgical committee and was mostly based on vaginal unification for pain relief and exploratory laparoscopy to understand the whole malformation and detect complications. Some patients benefited from a two -steps procedures, to relief symptoms (drainage of hematocolpos for example) first and then to surgically treat their uterine malformation.

Decision to perform a hemi -hysterectomy or a unilateral salpingectomy was mostly based on the pre operative imaging work up and, whenever performed, on the laparoscopic evaluation of the uterus and the fallopian tube. Additional procedures depended on the pre-operative workup and per-operative findings. Each patient benefited from a personalized procedure based on his symptoms, his malformation and the pre operative work up. All surgically removed specimens were addressed for pathological analysis. Post-operative follow up included at least one visit 1 month after the operation.

To assess fertility and pregnancy outcomes, all the patients were then sent a letter explaining the objectives of the study and offering them the opportunity to participate.

Those who agreed were invited to fill in the attached questionnaire. Patients who had not returned the survey within a month were contacted by phone. The questionnaire included questions about their desire to conceive and fertility/pregnancy outcomes.

Infertility was defined as either being unable to get pregnant or requiring medical assisted procreation (MAP). Patients not wishing to conceive were excluded from the calculation of the fertility rate. Some patients had multiple pregnancies during the follow up period and each pregnancy was entered individually in our pregnancy outcome analysis. The following pregnancy outcomes were evaluated: early and second trimester miscarriages, pregnancy -induced hypertension or preeclampsia, term of delivery, foetal presentation at delivery, mode of delivery (caesarean section or vaginal delivery), postpartum haemorrhage. Pregnancy -induced hypertension was defined as an elevation of blood pressure over 140 mmHg for systolic and / or 90 mmHg for diastolic in pregnant patients after 20 weeks of gestation. Preeclampsia was defined as the concomitant presence of a pregnancy -induced hypertension and of a proteinuria. An early miscarriage was defined as a miscarriage occurring before 12 weeks of amenorrhea. A premature delivery was defined as a delivery occurring between 26 and 37 weeks of amenorrhea. Post-partum haemorrhage was defined as bleeding at the time of delivery:

> 500 ml for a vaginal delivery and > 1 L for patients with a caesarean delivery (which was the definition of the post partum haemorrhage used at the time patients were included).

Statistical analyses

The database was managed using Excel (Microsoft Corporation, Redmond, WA, USA) and statistical analyses were performed using R software (3.3.1 version, available online).

Statistical analysis was based on the Student's t test for continuous variables and the χ2 test or Fisher's exact test for categorical variables. Values of p < 0.05 were considered to denote significant differences.

Ethical approval

This study was approved by the Institutional Review Board of Paris X (04.07.2014).

Results

Patients included and initial characteristics

Between 1975 and 2010, 87 patients were treated in our centre for blind hemivagina.

Among them, 79 had a bicorporeal uterus and were included for further analysis. The mean follow up of the patients was 16.15 (QI 10 -16) years.

Dysmenorrhea (57%) and menometrorhagia (25%) were the two most frequent symptoms leading to the diagnosis of the uterine malformation (Table 1).

Ultrasonography (88.6%) was the most commonly used imaging technique to initially assess the malformation. Twenty patients (25.3%) had an MRI to confirm the diagnosis.

Initial surgical procedures and pathological findings are presented in Table 2. Most patients (n=74, 93.7%) had a diagnostic laparoscopy and vaginal unification (n=62, 82.3%). Postoperative complications, all severity included, occurred in eight patients (10.1%). None of them occurred following the explorative laparoscopy.

Endometriosis was diagnosed in 13 (16.5%) patients in total : on preoperative MRI in three patients (3.8%), perioperatively in seven (8.9%), and on pathological analysis of the surgical specimen in three (3.8%). No patient delivered before 32 weeks of amenorrhea and all the patients with a live birth had a healthy infant.

Fertility and pregnancy outcomes

In univariate analysis, adhesiolysis performed at the time of initial surgery was the only predicting factor of infertility (p = 0.004) (Table 4). Patients whose malformations were discovered following pelvic sepsis were more likely to have post-partum haemorrhage (p = 0.02). There was a trend (without reaching statistical significance) for patients who had undergone cervical stomatoplasty to be more at risk of second trimester miscarriage (p = 0.05).

Discussion

This retrospective study of a large cohort of patients with blind hemivagina and bicorporeal uterus spanning over 20 years of experience, confirms previous reports that neither fertility nor pregnancy outcomes are affected by this malformation. After 16 years of follow up, 17.4% were infertile. Twenty-eight patients had 45 pregnancies: around 25% had early miscarriage and 35 pregnancies led to live births. In univariate analysis, adhesiolysis performed at the time of initial surgery was the only predicting factor of infertility.

Surgical management of patients with blind hemivagina and bicorporeal uterus could be done in a single surgical procedure. However, our experience of such patients convinced us they might truly benefit from a two steps approach. While first surgery is commonly performed in an emergency context to ease the pain, it enables the surgical team to conduct a complete work up of the malformation to offer the patients the most personalized surgery.

We found that fertility was conserved in patients with bicorporeal uterus with only eight patients (17.4%) reporting infertility during the long-term follow up, which is comparable to the rate reported in the general population [START_REF] Chandra | Fertility, family planning, and reproductive health of U.S. women: data from the 2002 National Survey of Family Growth[END_REF]. This is consistent with a previous study of 49 patients with didelphic uterus with a longitudinal vaginal septum [START_REF] Heinonen | Clinical implications of the didelphic uterus: long-term follow-up of 49 cases[END_REF]. Similarly, a recent meta-analysis found that bicorporeal uterus was not a risk factor for infertility [START_REF] Chan | Reproductive outcomes in women with congenital uterine anomalies: a systematic review[END_REF]. The only predictive factor of infertility in our cohort was the need for extensive adhesiolysis during initial surgical management (p = 0.004). We hypothesized that pelvic adherence could be responsible for decreased fertility in some patients, especially as patients with uterine malformations usually undergo several operations. Tubal infertility resulting from multiple surgical procedures occurred in only 2 patients (20%) and this does not allow us to further confirm our assumption.

In patients with blind hemivagina, reflux menstruation induced by hematocolpos could lead to endometriosis as supported in one the latest theories on the origin of endometriosis. In our cohort, 13 patients (16.5%) were diagnosed with endometriosis and is in accordance with the range reported in literature (14 -16%) [START_REF] Heinonen | Clinical implications of the didelphic uterus: long-term follow-up of 49 cases[END_REF][START_REF] Fedele | Double uterus with obstructed hemivagina and ipsilateral renal agenesis: pelvic anatomic variants in 87 cases[END_REF].

Many studies have highlighted the benefit of early surgical management in this setting [START_REF] Haddad | Blind hemivagina: long-term follow-up and reproductive performance in 42 cases[END_REF][START_REF] Gholoum | Management and outcome of patients with combined vaginal septum, bifid uterus, and ipsilateral renal agenesis (Herlyn-Werner-Wunderlich syndrome)[END_REF]. Candiani et al. reported increased fertility following surgery in patients with bicorporeal uterus [START_REF] Candiani | Double uterus, blind hemivagina, and ipsilateral renal agenesis: 36 cases and long-term follow-up[END_REF]. Indeed, early drainage of the hematocolpos induced by blind hemivagina is a determinant element to prevent long-term complications such as dysmenorrhea, chronic pelvic pain or dyspareunia [START_REF] Alaoui | Management of a uterus didelphys associated with a blind hemivagina[END_REF]. Thus, infertility in some patients with bicorporeal uterus and blind hemivagina could be partly explained by endometriotic lesions, just as much as in general healthy population.

Although diagnostic laparoscopy is considered to be the gold standard for patients with uterine malformations, recent developments in new ultrasonography techniques, especially three-dimensional (3D) and contrast ultrasonography, question the need for systematic laparoscopy. Faivre et al. reported that 3D ultrasonography has greater sensitivity than laparoscopy or hysteroscopy for detecting uterine malformations [START_REF] Faivre | Accuracy of Three-Dimensional Ultrasonography in Differential Diagnosis of Septate and Bicornuate Uterus Compared with Office Hysteroscopy and Pelvic Magnetic Resonance Imaging[END_REF].

Moreover, most of the patients of our cohort were successfully diagnosed by 2Dultrasonography and only 20 (25.3%) required an MRI to confirm diagnosis. As we acknowledge laparoscopy was valuable in some cases, especially for assessing the pelvic consequences of hematocolpos or endometriosis, we feel imaging pre operative work up should be the standard of care in 2019 and laparoscopy should be reserved for therapeutic management only.

We confirmed previous reports that patients with bicorporeal uterus and blind hemivagina do not have an increased rate of early miscarriage [START_REF] Raga | Reproductive impact of congenital Müllerian anomalies[END_REF][START_REF] Heinonen | Pregnancies in women with uterine malformation, treated obstruction of hemivagina and ipsilateral renal agenesis[END_REF] There are no guidelines to indicate preventive cervical cerclage in these patients and it would seem unnecessary in most cases. However, we do recommend close cervical monitoring during early pregnancy. In our cohort, only two pregnancies (4.1%) resulted in a second trimester miscarriage which is in line with recent reports concluding that this malformation has no impact on the rate of second trimester miscarriages [START_REF] Raga | Reproductive impact of congenital Müllerian anomalies[END_REF][START_REF] Chan | Reproductive outcomes in women with congenital uterine anomalies: a systematic review[END_REF].

Around half of the patients delivered by caesarean section which is lower than the rates reported to date (between 70 to 84%) [START_REF] Joki-Erkkilä | Presenting and long-term clinical implications and fecundity in females with obstructing vaginal malformations[END_REF]. Our decision to perform a caesarean section was solely based on obstetrics factors and was not systematic. Few centres are familiar with obstetric management of patients with rare uterine malformations and it is possible some caesarean sections are performed as a matter of course rather than by true indication.

As reminded in introduction, the association of bicorporeal uterus, blind hemivagina and ipsilateral renal agenesis is well known [START_REF] Herlyn | Simultaneous occurrence of an open Gartner-duct cyst, a homolateral aplasia of the kidney and a double uterus as a typical syndrome of abnormalities[END_REF]. This could explain the higher incidence of preeclampsia in this specific population. While the association between renal agenesis and preeclampsia has been previously identified [START_REF] Heinonen | Gestational hypertension and preeclampsia associated with[END_REF], we were unable to further confirm this association in our cohort as we had only four cases (11.4%) of pregnancy -induced hypertension / preeclampsia,.

The retrospective nature of our study limits the quantity of data available for analysis. However, we report more than 20 years of experience in treating patients with bicorporeal uterus and blind hemivagina in a tertiary referral gynaecological department. While, the survey response rate might seem to be low, studying fertility in patients with a rare uterine malformation is difficult since most patients are diagnosed and initially managed at a young age and the outcomes cannot be assessed for many years. In this context, therefore, our study with a follow up of 16 years is relevant and, to the best of our knowledge, constitutes one of largest cohorts ever reported. Among the patients we managed to contact, a non-negligible proportion reported that they had no desire to become pregnant. While this reduced the number of patients available for analysis, it is also an interesting observation. These patients often undergo multiple surgical procedures and experience difficult psychological conditions which could result in a reluctance in attempting to get pregnant. Eventually, on a statistical point of vu, the size of our cohort remains limited and it is highly possible that the association we found between pelvic sepsis and post partum haemorrhage is only chance. To limit the risk of describing false association between our outcomes and initial management, we limited our analyses to univariate models.

Conclusion

The current retrospective study with 16 years of follow up, shows that fertility seems to be conserved in patients with bicorporeal uterus and blind hemivagina and that the rate of adverse pregnancy outcomes is not higher than in the general population. Further studies are required to investigate which factors, such as adhesions, could explain the infertility experienced by some of the patients. Eventually, we reaffirm the need for patients with specific uterine malformations to be managed directly in appropriate tertiary referral centres whenever possible or in collaboration with one if not in order to improve both outcome and our knowledge.
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  35 (71.4%) led to a live birth. Three patients underwent cervical cerclage (MccDonald technic) and two of them had a subsequent second trimester miscarriage.Table3presents obstetrical outcomes of the 35 pregnancies resulting in live birth.

	Nineteen (54.3%) deliveries occurred by caesarean section and 14 (40.0%) by vaginal
	delivery. Seven pregnancies (20%) were complicated by a premature delivery: four
	were spontaneous and three induced in response to a medical condition (diabetes and /
	or preeclampsia). Other complications were registered: four (11.4%) pregnancy -
	induced hypertension or preeclampsia and three (8.6%) by post-partum haemorrhage.

). Forty-nine pregnancies in 28 patients were included to assess pregnancy outcomes: 11 (22.5%) early miscarriages, one (2.0%) extra-uterine pregnancy, two (4.1%) second trimester miscarriages and

Table 1 : Initial characteristics of the patients included

 1 

	323	
	324	
			N = 79
		Age at initial diagnosis (years)	16.6 (± 4.14)
		Symptoms leading to initial diagnosis
		Dysmenorrhea	45 (57)
		Menometrorrhagia	19 (25)
		Pelvic sepsis	12 (15.2)
		Pregnancy	2 (2.5)
		Infertility	2 (2.5)
		Urinary tract infection	1 (1.3)
		Dyspareunia	1 (1.3)
		Urinary tract malformations associated
		Unilateral renal aplasia	73 (92.4)
		Renal digenesis	2 (2.5)
		Renal duplicity	2 (2.5)
		Initial imaging exams
		Ultrasonography	70 (88.6)
		MRI	20 (25.3)
		Hysterosalpingography	6 (7.6)
		CT -scan	12 (15.2)
		Intravenous Urography	10 (12.7)
		Abdominal X -ray	5 (6.3)
		3D -ultrasonography	2 (2.5)
	325	Data are given as mean (± standard deviation) or as n (%)
	326	MRI = Magnetic Resonance Imaging; CT -scan = Computed Tomography scan
	327	
	328	

Table 2 : Initial surgery and pathological analysis N = 79 Type of surgery

 2 Data are given as mean (± standard deviation) or as n (%)

	Exploratory laparoscopy	74 (93.7)
	Laparotomy	13 (16.5)
	Gestures performed	
	Vaginal unification	65 (82.3)
	Hemihysterectomy	10 (12.7)
	Unilateral salpingectomy	6 (7.6)
	Drainage of an hematocolpos	21 (26.6)
	Adhesiolysis	14 (17.7)
	Fimbrioplasty	3 (3.8)
	Cervix stomatoplasty	4 (5.1)
	Postoperative complications	8 (10.1)
	Mean length of hospitalisation (days) 2.6 (± 2.87)
	Pathological findings	
	Adenosis	58 (73.4)
	Dysplasia / Cancer	0 (0)
	Endometriosis	3 (3.8)