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Objective

The objective of the study was to analyse the pregnancy rate after curettage, 1G (Endometrial resection) and 2G (Endometrial ablation) procedures in women with abnormal uterine bleeding (AUB-O,E,N) to evaluate the rate of pregnancy following these procedures and to improve pre and post-therapeutic women information.

Methods

This retrospective study analyzed data extracted from the French Hospital medical information database. All hospital stays with a diagnostic code for AUB and an appropriate surgical procedure coded between 2009 and 2015 were identified. A total of 109,884 women were included. Of these, 88,165 were followed up for 18 months, 80,054 for 24 months and 33,251 for 60 months. Outcomes were compared between second generation (2G) procedures, first-generation (1G) procedures (endometrial resection) and curettage. The rate of pregnancy was the primary end point.

Results

7,863 women underwent a 2G surgical procedure (7.2%), 39,935 a 1G procedure (36.3%) and 38,923 a curettage (35.4%). The mean age of the women was 46 years (IC.95: 36.7-52.5), with no difference in age between groups. The rate of pregnancy after 2G, 1G and curettage was respectively 13 (1.5%), 617 (10.1%) and 1,025 (11.1%). The primary endpoint was significantly different between 2G and 1G and curettage (p<0.0001)

Conclusion

2G procedures result in lower risk of pregnancy without requiring specific training for surgeons. However, endometrial ablation cannot be considered as a sterilization method nor an effective contraceptive procedure. In the absence of sterilization of either partner, women should continue to use contraception whatever their age and menstrual status.
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Precis:

The study presents the lower risk of pregnancy after 2G procedure for AUB-O,E,N

INTRODUCTION

Abnormal uterine bleeding (AUB) is defined as excessive menstrual blood loss exceeding 80 mL per cycle or for more than 7 days and which interferes with a woman's physical, social, emotional wellbeing and/or quality of life [START_REF] Karlsson | Heavy menstrual bleeding significantly affects quality of life[END_REF][START_REF] Liu | A systematic review evaluating healthrelated quality of life, work impairment, and health-care costs and utilization in abnormal uterine bleeding[END_REF]. AUB affects approximately 10%-30% of all women worldwide at least once in their lifetime [START_REF] Duckitt | Managing perimenopausal menorrhagia[END_REF][START_REF] Fraser | Prevalence of heavy menstrual bleeding and experiences of affected women in a European patient survey[END_REF]. FIGO has defined the new PALM-COEIN terminology for etiological classification of AUB [START_REF] Munro | The two FIGO systems for normal and abnormal uterine bleeding symptoms and classification of causes of abnormal uterine bleeding in the reproductive years: 2018 revisions[END_REF]. Apart from organic pathology For women with AUB classified as O, E or N, a medical management is usually the first option. Surgery can also be proposed as soon as women do not want to spare their fertility because the likelihood of pregnancy is significantly decreased after conservative surgery and a subsequent pregnancy can be dangerous for both mother and fetus [START_REF]National Collaborating Centre for Women's and Children's Health (UK)[END_REF][START_REF] Marret | Clinical practice guidelines on menorrhagia: management of abnormal uterine bleeding before menopause[END_REF]. When a surgical management is decided, there are different options, which are routinely performed such as second-generation (2G) endometrial ablation techniques (thermal balloon, microwave, cryoablation, radiofrequency) and first-generation (1G) endometrial resection (endometrectomy, roller-ball and laser). First-line curettage and hysterectomy are no longer recommended [START_REF] Marret | Clinical practice guidelines on menorrhagia: management of abnormal uterine bleeding before menopause[END_REF].

Hysterectomy is effective but compared to endometrial ablation, it led to more adverse outcomes including postoperative pain and perioperative complications, a longer operative time and a longer length of stay. In 2019, the HEALTH randomized controlled trial [START_REF] Cooper | Laparoscopic supracervical hysterectomy compared with second-generation endometrial ablation for heavy menstrual bleeding: the HEALTH RCT[END_REF] compared laparoscopic supracervical hysterectomy to endometrial ablation (2G or 1G) for surgical treatment of heavy menstrual bleeding in 660 patients. Hysterectomy was shown to be superior in terms of clinical effectiveness, with a similar rate of complications but had longer operating times, a longer hospital stay and longer recovery time, thereby increasing the cost of radical procedure.

Curettage is also no longer recommended as a first line therapy as it is less effective than 1G or 2G procedures [START_REF] College Of | ACOG committee opinion no. 557: Management of acute abnormal uterine bleeding in nonpregnant reproductive-aged women[END_REF]. Endometrial ablation by first-generation techniques performed under hysteroscopic visualization is a widely used minimally invasive treatment. It reduces bleeding by destroying the stratum functionalis of the endometrium. This option is minimally invasive but can lead to hysterectomy in 20% of cases within 5 years [START_REF] Cooper | Laparoscopic supracervical hysterectomy compared with second-generation endometrial ablation for heavy menstrual bleeding: the HEALTH RCT[END_REF]. 2G procedures, do not require hysteroscopy, seem to be as effective as 1G procedures, are easier to perform, have shorter operating time, present fewer complications, and can be often performed without anesthesia [START_REF] Daniels | Second generation endometrial ablation techniques for heavy menstrual bleeding: network meta-analysis[END_REF][START_REF] Kroft | First-versus second-generation endometrial ablation devices for treatment of menorrhagia: a systematic review, meta-analysis and appraisal of economic evaluations[END_REF][START_REF] Lethaby | Endometrial resection and ablation techniques for heavy menstrual bleeding[END_REF].

In most of cases, uterine cavity is obliterated with synechiae after 1G or 2G endometrial ablation. However, if some functional endometrium remains or regenerates after ablation, a pregnancy will still be possible. Post-ablation pregnancies are most often unwanted and are therefore a source of demand for legal abortion [START_REF] Gervaise | Contraceptive information after endometrial ablation[END_REF]. These pregnancies are also at greater risk of miscarriage, intrauterine growth restriction, preterm delivery and improper placental location which can lead to severe life threatening condition sometimes leading to peripartum hysterectomy in more than 50% of cases [START_REF] Marret | Clinical practice guidelines on menorrhagia: management of abnormal uterine bleeding before menopause[END_REF].

The main question is: should we discuss contraception or definitive sterilization of either partner when we perform an endometrial ablation? Preoperative information before an endometrial ablation should include a discussion about the risk of a subsequent pregnancy and ensure that women do not wish to conceive anymore and are aware about the need for contraception [START_REF] Daniels | Second generation endometrial ablation techniques for heavy menstrual bleeding: network meta-analysis[END_REF][START_REF] Kroft | First-versus second-generation endometrial ablation devices for treatment of menorrhagia: a systematic review, meta-analysis and appraisal of economic evaluations[END_REF][START_REF] Lethaby | Endometrial resection and ablation techniques for heavy menstrual bleeding[END_REF].

We then analysed the pregnancy rates following curettage, 1G and 2G procedures to improve pre and post-therapeutic women information.

MATERIAL AND METHODS

Study design

This retrospective study analyzed data extracted from the French Hospital medical 

PMSI database

In the PMSI database, all hospital stays are attributed to a diagnosis-related group (DRG) that reflects the reasons for hospitalization. These are identified through International Classification of Diseases, 10th revision (ICD-10) codes [START_REF] Cndla | Open Medic: base complète sur les dépenses de médicaments interrégimes 2018[END_REF].

Study population

All hospitalizations of 35-55 year-old women who had first line surgical management of AUB-O,E,I. were identified within the PMSI-MCO database. We selected women older then 35 to better target women without subsequent pregnancy desire and up to 55 years old to be able to detect all possible pregnancies. Detailed information regarding the used algorithm has already been described [START_REF] De Leotoing | The surgical treatment of idiopathic abnormal uterine bleeding: An analysis of 88 000 patients from the French exhaustive national hospital discharge database from 2009 to 2015[END_REF]. Women who previously had surgery for AUB were excluded.

We also excluded women with comorbidities, concomitant conditions (breast or colorectal cancer), or other condition that can cause bleeding (Willebrand disease, myoma, gynecologic cancer described in PALM-COEIN classification (5) but also alcoholic liver, gynecological and pelvic infections or inflammation, endometriosis, uro-gynaecological prolapse, fistulas, polyps and dysplasia, infertility (The risk of pregnancy is negligible in this specific population), pregnancy, or spina bifida).

Effectiveness criteria

The main criterion used to express the effectiveness of the initial surgery was the rate of women without failure over time, in each group. Failure (considered as the event) was defined as the first re-hospitalization that occurred either as a stay containing any CIM-10 codes for pregnancy, a stay for new AUB surgery or a stay containing a AUB CIM-10 code stated as main-or related-diagnosis whatever the cause of the failure (i.e. bleeding or pain requiring hospitalization due to the severity).

A time-to-event variable was used to allow consideration of both proportion of failures and their time of occurrence.

Data collection

For women who had surgery before mid-2014, outcome and complication rates were documented at 18, 24 and 60 months. For women who had surgery after this date, the follow-up time depended on the surgical date.

Statistical analysis

Categorical data was expressed as proportions and analysed by using a χ2 test or a Fisher exact test. Univariate statistical tests for continuous data included tests of mean differences with Student's t-test. Occurrence of outcomes (treatment failure or complications) was followed over time using Kaplan-Meier survival curves and outcome rates compared between 2G procedures (as the reference) and the three other procedures using Mantel-Cox log-rank test (unadjusted univariate analysis). P values of < .05 was used to determine the statistical significance of all tests used. R statistical software (version 3.2.3) was used to perform analyses. The hazard ratio (HR) was calculated for the risk of failure.

Ethics

The study was conducted in accordance with international and French regulatory requirements. Since this was a retrospective study of anonymised database and had no influence on patient care, ethics committee approval was not required. Use of the PMSI-MCO database for this type of study has been approved by the French national data protection agency (CNIL; annual authorization #1419102 v7-2015-111111-56-18 / order M14N056 and M14L056).

RESULTS

Study population

Between the 1 st of January 2009 and 31 st of December 2015, 152,531 women aged between 35 and 55 and who were hospitalized for surgery for AUB-O,E,I, were identified in the PMSI database, of whom 42,647 presented at least one exclusion criterion. The cohort of patients available for analysis thus consisted of 109,884 patients. Of these, 88,165 were followed up for 18 months, 80,054 for 24 months and 33,251 for 60 months. The flow diagram for the selection of patients is illustrated in figure 1.

The mean age of the patients was 46 years (CI.95: 36.7-52.5), without any significant difference between groups.

DISCUSSION

The initial objective of this study was designed to evaluate the effectiveness of four surgical strategies used for the treatment of AUB-O,E,N. in patients who do not wish to keep their possibilities of pregnancy. 57% of the women treated (by curettage or hysterectomy) outside the French recommendations. The mini-invasive 2G and 1G procedures, which are recommended as preferred solutions for conservative surgical treatment, should be considered as they are associated with lower severe complication rates. Success was defined as the absence of failure criteria including the number of pregnancies with or without contraception post EA. The rate of pregnancies in the 2G procedure was significantly lower in this group compared to 1G procedure and curettage. However, the study was not intended to collect information as to outcome of pregnancies (request for termination of pregnancy, miscarriage, vaginal or caesarean delivery, obstetric complications).

However, the pregnancy rate is lower than in a population without contraception where the conception rate is 66% at 35 years, 44% at 40 years, 18% at 45 years and negligible after 50 years after 12 months [START_REF] Leridon | Les Théories de la Fécondité[END_REF]. In this way, the 2G and 1G treatments still remain effective on contraception.

We can assume that 1G may have less completely ablated the endometrium thereby increasing the risk for subsequent pregnancy. This difference may come from surgical skill.

With 2G, the results are homogeneous with identical results whatever the surgeons. On the other hand with the 1G technique, a difference may exist if the resection is incomplete, particularly in the periostial regions with a risk of regeneration of the endometrium. This technical error is little described but probably at the origin of the lower efficiency of endometrial resection with endometrial regrowth from areas that have been little or badly abjured. This most likely is at the origin of the superior effectiveness of the 2G techniques observed in our study.

Moreover, we focused our result on the risk of pregnancy in our population even if contraceptive recommendations are supposed to be performed before surgery, even if you don't have any data about contraceptive use. Pregnancies are described after endometrial ablation [START_REF] Amso | Uterine endometrial thermal balloon therapy for the treatment of menorrhagia: long-term multicentre follow-up study[END_REF][START_REF] Kohn | Pregnancy after endometrial ablation: a systematic review[END_REF]. The risk of pregnancy in our study is also higher after 1G-procedure or curettage than after 2G-procedure.

Considering the cost of the devices, improving the tariff for 2G in France could facilitate the switch between 1G and 2G procedures, allowing for better adapted treatment for these patients, with a limited expected increase in costs for the National Health Insurance.

Moreover, most 2G endometrial ablations are still performed under general or epidural anesthesia in an operating theatre. The new small diameter devices should encourage movement of minimal invasive surgery out of the traditional operating theatre, in office with local anesthesia, to decrease the cost.

Prior to undergoing endometrial ablation, specifically after 1G, women must be informed that subsequent pregnancy can occur. In the pre and post therapeutic information, the importance of reliable contraception must be given. Some types of sterilization procedures can be done at the same time as endometrial ablation procedure.

The strength of this study is the use of a large and extensive cohort of women in real-life conditions, over a long observation period. Indeed, the sensitivity analysis based on patients with 60 months of follow-up confirmed the conclusions at 18 months, demonstrating the robustness of our results.

The limits of this study are the use of a medico-administrative database, which is often controversial due to the risk of coding errors. However data extracted from the PMSI is known to have limited coding errors [START_REF] Quantin | Estimation of national colorectal-cancer incidence using claims databases[END_REF]. Moreover, PMSI database also doesn't provide information on how many women used contraception after ablation procedure, or didn't have any partner at all, so pregnancy rates could technically be even higher.

Another limit is due to the study was not organized to assess the outcome of observed pregnancies because the PMSI database is not designed to accomplish this goal.

In conclusion, this study based on the largest cohort ever analyzed of patients surgically treated for AUB-O,E,N confirms that 1G and 2G techniques are the most efficient strategies in real-life conditions. Moreover, switching to 2G techniques would allow a lower risk of pregnancy whatever the contraception used without requiring any specific additional training for surgeons. Obviously, 2G procedure is the most efficient procedure to treat patient with AUB-O,E,N.

Finally, endometrial ablation is not a sterilization method or an effective contraceptive procedure. In absence of sterilization of either partner, women should continue to use contraception whatever their age, or menstrual status. Moreover, no concerning information was being found in the national PMSI database, on the outcomes of post ablation pregnancies. This underline the interest of registers, which remain an essential tool, in particular for the study of prognostic factors and comparison of support. 
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  polyp (P), adenomyosis (A), leiomyoma (L) and malignancy (M)) causes defined by O,E,N (Ovulatory dysfunctional, Endometrial, Not otherwise classified) are the main indications of endometrial destruction (2G), endometrial resection (1G) or curettage. Coagulopathology (C) and Iatrogenic (I) causes have no surgical indication.
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 123 Figure 1: Flow-chart of patients selected for study
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Surgery for abnormal uterine bleeding

In the study population, 7,863 women underwent a 2G procedure (7.2%), 39,935 a 1G procedure (36.3%), 38,923 a curettage (35.4%) and 23,163 a hysterectomy (21.1%) (figure 2).

Treatment outcome

The rate of treatment failure (pregnancy or recurrence) at 18 months ranged from 2.8% in women in the hysterectomy group to 20.6% in women in the curettage group, 10% in 2G group and 13% in 1G group, with statistically difference versus 2G (p<0.001).

The rate of pregnancy was looked at for conservative treatments (excluding women in the hysterectomy group). The rate was 1.5% (N=13) in the 2G-procedure group, 10.1% (N=617) in the 1G-procedure group and 11.1% (N=1034) in the curettage group. These rates are significantly different between 2G and 1G or curettage (p<0.0001) (Figure 3). The median age of women who became pregnant after 2G was 41.8 years, (CI.95: 39.79-43.81) after 1G was 39.7years, (CI.95: 39.47-39.93), after curettage was 40.3 years (CI.95: 39.72-41.22) and was not significantly different.

The risk of failure (pregnancy or recurrence) at 18 months after surgery was significantly higher (p<0.0001) in women undergoing 1G surgical procedures (HR: 1.30) and curettage (HR: 2.21) compared with women undergoing 2G procedures. A similarly elevated risk (p<0.0001) was also observed at 24 months for both techniques (HR: 1.26 for 1G procedures and 2.21 for curettage), and at 60 months for curettage only (HR 1.75; p<0.01).