PhD Perrine Capmas 
email: perrine.capmas@aphp.fr
  
Margaux Jegaden 
  
MD Anne-Gaëlle Pourcelot 
  
MD Hervé Fernandez 
  
PhD Md 
  
  
or laparoscopic salpingectomy with cornuectomy: Case series and follow up survey about device-attributed symptoms resolution

Keywords: Essure , micro insert removal surgery, surgical outcomes, symptoms resolution, vaginal hysterectomy, salpingectomy

à la diffusion de documents scientifiques de niveau recherche, publiés ou non, émanant des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

1.INTRODUCTION

Available since 2001, the Essure  micro inserts (MI) (Bayer, Whippany, NJ, USA) were approved in 2002 by the Food and Drug Administration (FDA) as a minimally invasive birth control method. The MI are made of stainless steel, nitinol and polyethylene terephthalate (PET) fibers and is positioned under hysteroscopy into the proximal part of the fallopian tube [START_REF] Greenberg | Hysteroscopic sterilization: history and current methods[END_REF]. Since its availability, over than 750 000 procedures were performed worldwide (2-4).

Despite a high patient satisfaction rate and before the media coverage on Essure  sterilization,1.1 to 4.2% of women reported adverse events as gynecological and extra-gynecological symptoms presumably related to the Essure  MI [START_REF] Chudnoff | Hysteroscopic Essure Inserts for Permanent Contraception: Extended Follow-Up Results of a Phase III Multicenter International Study[END_REF][START_REF] Arjona | Satisfaction and tolerance with office hysteroscopic tubal sterilization[END_REF][START_REF] Yunker | Incidence and risk factors for chronic pelvic pain after hysteroscopic sterilization[END_REF][START_REF] Siemons | Long-term followup after successful Essure sterilization: evaluation of patient satisfaction, symptoms, and the influence of negative publicity[END_REF]. These symptoms reported to the Manufacturer and User Facility Device Experiences (MAUDE) database have increased since 2013. Consequently the FDA have issued stricter recommendations for Essure  MI placement [START_REF] Walter | Hysteroscopic Sterilization With Essure: Summary of the U.S. Food and Drug Administration Actions and Policy Implications for Postmarketing Surveillance[END_REF]. An analysis of those adverse events concluded to a malposition of the device in 7% of cases and an hypersensitivity reaction to nickel in 0.01% of cases [START_REF] Shavell | Analysis of adverse events with Essure hysteroscopic sterilization reported to the Manufacturer and User Facility Device Experience database[END_REF]. Essure  MI were withdrawn from the market on September 2017 in Europe and on december 2018 in the United States (2,[START_REF]Essure Permanent Birth Control: Information for Health Care Providers [Internet[END_REF].

The numbers of women requested a surgical removal of Essure  MI increased.

During removal surgery, it's recommended not to apply a traction on the inserts because of the risk of fragmentation [START_REF] Albright | Surgical aspects of removal of Essure microinsert[END_REF][START_REF] Lannon | Techniques for removal of the Essure hysteroscopic tubal occlusion device[END_REF][START_REF]Bayer Healthcare Essure permanent birth control[END_REF] . Simple salpingectomy can be considered in case of Essure  MI position number 3 of the Legendre et al. classification [START_REF] Legendre | Assessment of three-dimensional ultrasound examination classification to check the position of the tubal sterilization microinsert[END_REF]. But salpingectomy with partial cornuectomy by laparoscopy seems to be the procedure the most adapted and secured whatever the position of MI [START_REF] Cngof Guidelines | Fiche technique sur le retrait des implants Essure[END_REF][START_REF] Thiel | Laparoscopic Cornuectomy as a Technique for Removal of Essure Microinserts[END_REF][START_REF] Chene | How I do… laparoscopic removal of Essure® device by mini-cornuectomy without fragmentation? (with video)[END_REF] . If an hysterectomy is required, both laparoscopic and vaginal procedure can be performed provided that a monobloc bilateral salpingectomy is associated [START_REF] Charavil | Vaginal Hysterectomy with Salpingectomy for Essure Insert Removal[END_REF].

Few studies evaluated peri-operative outcomes and symptoms resolution following Essure  MI removal for device-attributed symptoms. Published studies conclude that symptoms disappear two months after removal surgery in 39.8 to 88.5% of cases according to the authors [START_REF] Casey | Outcomes of laparoscopic removal of the Essure sterilization device for pelvic pain: a case series[END_REF][START_REF] Brito | Essure Surgical Removal and Subsequent Symptom Resolution: Case Series and Follow-Up Survey[END_REF][START_REF] Clark | Essure Removal for the Treatment of Device-Attributed Symptoms: An Expanded Case Series and Follow-up Survey[END_REF]. A single study has evaluated women 1 to 6 months after removal surgery with improvement of quality of life [START_REF] Maassen | Removal of Essure Sterilization Devices: A Retrospective Cohort Study in the Netherlands[END_REF]. To date, outcomes of device-attributed symptoms after Essure  MI removal surgery were not evaluated after a longer follow-up period.

Our objective is to evaluate device-attributed symptoms resolution after surgical removal of Essure  MI on short and long term and to compare effectiveness and evolution of symptoms between two surgical approaches: vaginal hysterectomy and laparoscopic salpingectomy with cornuectomy.

MATERIAL & METHODS

This study is a single center retrospective case series. It took place between January 2017 and April 2019 in the gynecologic department of a teaching hospital. All consecutive women who underwent Essure  removal for device-attributed symptoms were included.

Data regarding women characteristics were collected at the preoperative visit: demographics characteristics, surgical history, allergies, preoperative symptoms, anemia investigation in case of abnormal uterine bleeding, insertion procedure, Essure  localization by sonography or radiology checked before surgery, time from insertion to first symptoms and time from insertion to removal.

The two different surgical procedures to remove MI were performed by two senior surgeons always as followed: vaginal hysterectomy with bilateral salpingectomy in one block or bilateral salpingectomy with cornuectomy by laparoscopy whatever the localization of the Essure  MI. The physician decided between the two removal techniques: salpingectomy with cornuectomy and vaginal hysterectomy with the women during the pre-operative consultation. Criteria considered were the surgical history of the woman, the existence of an associate uterine pathology objectified clinically and with sonography and the willingness of the woman. The vaginal route was systematically the first line treatment proposed in case of hysterectomy because of department habits and surgeon training. The cornuectomy was performed by coagulation section with bipolar forceps and scissors. If hemostasis was required after cornuectomy, surgical stitches in X were made.

First follow up was at the postoperative visit, 4 to 8 weeks after procedure. The physician reported surgical removal procedure, time of surgery, per and post-surgery complications, total Essure  removal with a radiographic control (which was systematic after laparoscopic removal by bilateral salpingectomy). Symptoms resolution was evaluated and subdivided in three categories: complete resolution of symptoms, partial resolution or no resolution of symptoms. The reported symptoms were classified into 2 categories: gynecological symptoms with pelvic pain, heavy bleeding menstruations and extra-gynecologic symptoms with fatigue, headache, visual impairment, muscular, joint, neurological or otolaryngologic symptoms and atypical symptoms. The same questions about symptoms' resolution were asked at six to twenty-four months after surgery during follow up visits.

Descriptive analysis was performed using STATA/SE software version 14. Results are given as mean [CI95%] for continuous variables or as number (%) for linear variables. Comparisons were made using chi 2 test for linear variables and a Student T test for continuous variables.

The study was validated by the CEROG. The study was registered with the APHP under number 2019053110102718 according to MR004 methodology. All patients were informed of the study.

RESULTS

A total of 90 women who underwent Essure  MI removal were included between January 2017 and April 2019. Women characteristics are reported in Table 1. Mean age of women was 46.8 [IC95% 45.9-47.8] at time of Essure  MI removal. Twentyfive women (27.7%) reported a nickel hypersensitivity after patch evaluation but as we didn't performed these tests, some women had it before hospital appointment but not all of them. Fifteen patients were diagnosed with patch tests and 10 had objective skin reactions. Six women (6.7%) reported their nickel hypersensitivity before the sterilization surgery. Mean time between Essure  sterilization and first deviceattributed symptoms was 16.6 months [IC95% 11.4-21.9]. Mean time between Essure  MI placement and removal was 61.9 months [IC95% 54.3-69.8]. For 7/90 women (7.7%) there was no exam control of Essure  MI location as recommended after the sterilization surgery (X-ray or ultrasonography). In 14/83 cases (15.6%) the devices location was improper: 7 patients had a second surgery in the year (5 unilateral removal surgeries and 2 laparoscopic tubal ligations) (Table 1).

Ninety removal surgeries were performed: 35 laparoscopic salpingectomies with cornuectomy, 52 vaginal hysterectomies including 5 women (3 from our center and 2 who from other centers) who firstly had a laparoscopic salpingectomy with a metal residue on the postoperative X-ray control. There were 3 laparoscopic and open hysterectomies for non-feasibility of vaginal route per surgery who were excluded of vaginal hysterectomy group. The mean surgery duration was 66.9 minutes [IC 95% 59.2-74.7] without any significant difference between the two procedures (p=0.24).

We reported 9 surgical complications (10%) with no significant difference between the two procedures (p=0.61) (Table 1). In the initial laparoscopic salpingectomy with cornuectomy group (n=38), 28 women (73.7%) had X-ray for the control of complete devices' removal. Four women (10.5%) had metal residues after salpingectomy in our center, 3 asked for a second surgery procedure with a vaginal hysterectomy to insure complete removal and were included in the hysterectomy group. The cornuectomy might have not been deep enough in those cases. One patient did not want a second procedure (Table 1). Tubal and uterus analysis are reported in Table 2.

Reported symptoms are presented in Figure 1. The most frequently reported symptoms are pelvic pain (70%), fatigue (66.7%) and heavy bleeding menstruations (53.3%). Seventy-two women (80%) reported extra-gynecological symptoms as joint symptoms (50%), muscular symptoms (51.1%) or neurological symptoms (30%) such as speech or memory disorders. Thirty-three women (36.7%) described other atypical symptoms. Eighteen women (20%) described symptom onset in the month following the sterilization, 3 of them (17%) reported a prior nickel hypersensitivity and 7 of them (38.8 %) had an improper location of Essure  MI. Forty three women (47.7%) reported a combination of heavy bleeding menstruation and pelvic pain among their symptoms, influencing the choice of the surgical procedure in favor of hysterectomy : 36 patients (83.7%) had a vaginal hysterectomy but 3 were then excluded of the study because of a conversion to laparoscopy or laparotomy due to an oversize uterus and 7 (16.3%) had a laparoscopic salpingectomy as they refused hysterectomy. The association of heavy bleeding menstruation and fatigue (n=34, 40%), was significantly more present in the vaginal hysterectomy group (24/52, 46.2%) than in the salpingectomy group (8/35, 22.8%) (p= 0.03). These results are presented in Figure 1.

The first follow-up visit was the post-operative one between 4 to 8 weeks after removal surgery. Symptoms evolution was major improvement in 46.7% of cases (n=42), partial resolution in 51.1% (n=46) and there was no change in 2.2% of cases (n=2). These results are presented in Figure 2.

Evolution of different symptoms is reported in Figure 3 with a significant decrease for each of them mainly heavy bleeding menstruation, pelvic pain and joint symptoms.

The majority of persistent symptoms after early postoperative visit are extragynecological and affect 50% of women.

The second follow-up visit was between 6 months to 24 months after removal surgery. Ten women had only the first postoperative visit because their surgery was too recent when the study was carried out. Twelve women were lost to follow-up.

Twenty-one women had the visit between 6 to 12 months after surgery, 22 women had it at 18 months and 24 women had their visit at 24 months. An increase in the rate of major improvement of symptoms was observed among time after surgery as presented in Figure 2. Persistent symptoms 24 months after surgery are extragynecological and are mainly joint and muscular symptoms with fatigue (8.3%).

Three women (12.5%) described persistent atypical symptoms such as itching and diarrhea. In addition, new symptoms have been reported following Essure  MI removal. A woman reported fibromyalgia and a second one reported night sweats. At more than one year after the MI removal, a spontaneous weight loss of more than 10kg was reported at the post-operative visit by 6 women (6/46,13%). Weight gain since insertion, attributed to menopause by women, had not been reported at the preoperative visit.

The comparison between the two groups has to be cautious, as the two groups are not comparable mainly for preoperative gynecological symptoms with a higher number of women with abnormal uterine bleeding in the hysterectomy group. At first postoperative visit, 22 women out of 52 (42.3%) in the vaginal hysterectomy group, had a major improvement of symptoms compared to 18 out of 35 (51.5%) in the laparoscopic salpingectomy group without any significant difference between the two groups (p=0.23). The difference remains non-significant at later postoperative visits as present in Figure 4 (p=0.23). Regarding gynecological symptoms, results are comparable with no heavy bleeding menstruation reported in both groups and a comparable rate of resolution of pelvic pain between 4 and 8 weeks after removal surgery (5.8% versus 14.3% (p=0.18)). At 24 months, in both groups there is not gynecological symptom reported. There is no significant difference for extragynecological symptoms persistence in the immediate post-operative period with 53.9% of persistent extra-gynecological symptoms in the vaginal hysterectomy group versus 42.9% in the laparoscopic salpingectomy group (p=0.46) or in the later postoperative period (32.4% versus 17.9%) (p=0. [START_REF] Charavil | Vaginal Hysterectomy with Salpingectomy for Essure Insert Removal[END_REF].

DISCUSSION

In this retrospective study, most of the women reported an improvement in symptoms after Essure® MI removal surgery. There is also an improvement in symptoms over time, with major improvement for 46.7% of the 90 women in early post-operative care and for 83.3% of the 24 women reassessed at 24 months.

This study is to our knowledge the most important series reported. Results are comparable with published studies in smaller populations. A study of 75 women concluded that 39.8% of women had resolution of symptoms within 45 days after removal surgery. However, authors reported a higher rate of women with no improvement in symptoms (15.1% in their series versus 2.2% in the submitted one) [START_REF] Maassen | Removal of Essure Sterilization Devices: A Retrospective Cohort Study in the Netherlands[END_REF]. Another study about 32 women concluded to a 75.5% rate of resolution at 1 month after MI removal [START_REF] Clark | Essure Removal for the Treatment of Device-Attributed Symptoms: An Expanded Case Series and Follow-up Survey[END_REF]. The most recent study about 80 women also reported improvement of quality of life over time with 58% of improvement at 1 month and 65% at 3 and 6 months [START_REF] Chene | Quality of life after laparoscopic removal of Essure® sterilization devices[END_REF].

This study is the first to re-evaluate women beyond the six months postoperative visit. Persistent symptoms are exclusively extra-gynecological. These results suggest that other factors may be responsible for these symptoms, such as the onset of menopause or the emergence of comorbities. Women requesting surgical removal of Essure ® MI should therefore be informed of the possibility of a persistence of some symptoms despite removal surgery. The main limit is the retrospective nature of this study. It then does not allow us to certify the causal relationship between the presence of Essure ® MI and symptoms. The frequency of pelvic pain reported during the preoperative visit is comparable to that reported in published studies; however, the frequency of extra-gynecological symptoms and heavy uterine bleeding was higher in our study [START_REF] Clark | Essure Removal for the Treatment of Device-Attributed Symptoms: An Expanded Case Series and Follow-up Survey[END_REF][START_REF] Maassen | Removal of Essure Sterilization Devices: A Retrospective Cohort Study in the Netherlands[END_REF]. It can be explained by the advanced mean age of French women at sterilization time [START_REF] Fernandez | Tubal sterilization: pregnancy rates after hysteroscopic versus laparoscopic sterilization in France, 2006-2010[END_REF].

The time between the onset of the first device-attributed symptoms and removal surgery is significant. Indeed, for the 18 women who reported the onset of symptoms within one month after Essure ® MI's placement, the removal surgery was performed in a mean time of 3 years after MI's placement. Seven of those 18 patients (38.8%) had incorrect MI placement and 3 (17%) reported nickel hypersensitivity preoperatively. These results reflect a delay for diagnosis and a lack of knowledge about the possible consequences of Essure ® MI placement by women and physicians due in part to the recent introduction of Essure ® MI on pharmaceutical marketplace. Different surgical approaches have been described to remove Essure ® MI. The need to completely remove the device without traction requires a salpingectomy with cornuectomy or a hysterectomy with a monobloc salpingectomy [START_REF] Cngof Guidelines | Fiche technique sur le retrait des implants Essure[END_REF][START_REF] Thiel | Laparoscopic Cornuectomy as a Technique for Removal of Essure Microinserts[END_REF][START_REF] Chene | How I do… laparoscopic removal of Essure® device by mini-cornuectomy without fragmentation? (with video)[END_REF][START_REF] Charavil | Vaginal Hysterectomy with Salpingectomy for Essure Insert Removal[END_REF]. We reported 6 cases of salpingectomies where a metal residue was found on the postoperative X-ray control leading to a second surgical procedure by vaginal hysterectomy in 5 women to ensure complete removal of the MI. These 6 cases confirm the potential technical difficulty of this procedure already described in a study with a comparable rate of post-salpingectomy metal residues (3/20, 15%) [START_REF] Lazorwitz | A case series of removal of nickel-titanium sterilization microinserts from the uterine cornua using laparoscopic electrocautery for salpingectomy[END_REF].

Recent study did not report any residue on 80 women but a 28.5% rate of implant fragmentation [START_REF] Chene | Quality of life after laparoscopic removal of Essure® sterilization devices[END_REF].

Evolution of extra-gynecological symptoms were similar in the salpingectomy group and in the hysterectomy group; this suggests that the two surgical approaches are equivalent for extra-gynecological symptoms resolution with a preferential indication for hysterectomy in case of heavy uterine bleeding that might be associated with adenomyosis for example. Even if the comparison has to be cautious for gynecological symptoms, mainly for heavy menstrual bleeding (more represented in the hysterectomy group), resolution of bleeding was comparable between the two groups. The improvement in heavy uterine bleeding in the salpingectomy group could maybe explained by the hypothesis that the presence of Essure ® MI could cause chronic irritation of the endometrium. Additional data are needed to validate this hypothesis, such as an intraoperative endometrial biopsy or hysteroscopy.

Pathology analysis results are similar to those of Valle et al. who reported an inflammatory and fibrotic response in 27/47 cases (57.4%) versus 45/90 (50%) in our study [START_REF] Valle | Tissue response to the STOP microcoil transcervical permanent contraceptive device: results from a prehysterectomy study[END_REF]. Maasen et al. had less tubal pathology in their study (6/93, 6.4%) [START_REF] Maassen | Removal of Essure Sterilization Devices: A Retrospective Cohort Study in the Netherlands[END_REF]. However, fibrosis is the histological phenomenon responsible for tubal obstruction, it is questionable to consider it as pathological.

Twelve women (13.3%) were lost for longer-term follow-up, these patients may be different from re-evaluated women, and they could be less satisfied. This rate of lost women is therefore also a source of bias. Finally, the absence of a control group is an important limitation, but it seemed unethical to us to randomize the removal surgery versus clinical surveillance in these patients.

The strengths of this study are the absence of short-term women loss from removal surgery and the possibility of long-term re-evaluation in a large number of women. It also makes it possible to compare the evolution of device-attributed symptoms after two different surgical approaches. This study also has limitations, the main one being the retrospective nature, although limited due to the prospective collection of a large number of data proposed by CNGOF at the beginning of removal surgeries.

However, this procedure could generate memory biases and modify the results. Indeed, even if the symptoms reported by women were notified at each visit. Women have reported retrospectively some symptoms probably related to Essure ® MI after their resolution in post-operative care.

CONCLUSION

Essure  MI removal is a newly described procedure whose modalities are still being discussed for the management of women with symptoms potentially related to devices. The symptoms improvement can occurs several months after the removal of Essure ® MI. This study showed a significant improvement in gynecological and extragynecological symptoms over time. The absence of difference in symptom resolution between the salpingectomy with cornuectomy group and the vaginal hysterectomy group is fundamental. However, hysterectomy have to be suggested in case of uterine pathology associated.

During the preoperative visit, it is important to warn women that some extragynecological symptoms may persist after Essure ® MI removal surgery.

However, the symptoms improvement in the majority of women encourages answering to requests for Essure ® MI removal surgery in symptomatic women in accordance with recommendations. 
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 1 Figure 1 -Reported symptoms at preoperative visit.Data are percentage as percentage of total patients, of total of vaginal hysterectomy and laparoscopic salpingectomy.

Figure 2 -

 2 Figure 2 -Symptoms resolution evaluate at postoperative visits.

Figure 3 -

 3 Figure 3 -Reported symptoms at preoperative visit and postoperative visit at 4 to 8 weeks (n=90) and at 6 to 12 months (n=21), 18 months (n=22) or 24 months (n=24) after removal surgery.

Figure 4 -

 4 Figure 4 -Symptoms resolution at 4 to 8 weeks, 6 to 12, 18 and 24 months post removal MI surgery.

  

  

  

  

Table 1 .

 1 Women and peroperative characteristics

				N=52	N=35
		n (%) mean (range)	n (%) mean (range)	n (%) mean (range)
	Age (years)	49.4 (36-57)	51 (36-55)	48.2 (39-57)
	Gravid	2.40 (0-10)	2.5 (0-8)	2.3 (0-7)
	Parity	2.5 (0-6)	3 (0-6)	2.3 (0-5)
	BMI (kg/m2)	26 (19-40)	26.7 (19-40)	24.6 (19-30)
			(24-		
	Surgery duration (min)	66.9	180)	60.8 (24-180)	69.4 (25-165)
	Mean time sterilization/first				
	symptoms (months)	16.6 (0-180)	18.8 (0-180)	13.9 (0-72)
	< 12	37(41.1%)	19 (36.6%)	18(51.4%)
	12 to 24	41(45.6%)		25 (48%)	13(37.1%)
	> 24	12(13.3%)	8(15.4%)	4(11.5%)
	Mean time				
	sterilization/removal				
	surgery (months)	61.9 (1-192)	66.5 (4-192)	52.1 (1-156)
	< 24	12(13.4%)		3 (5.8%)	8(22.8%)
	24 to 48	24(26.6%)		13 (25%)	10(28.6%)
	> 48	54(60%)	36 (69.2%)	17(48.6%)
	Previous abdominal	53(58.8%)	32 (61.5%)	19(54.3%)
	surgery				
	Previous cesarean section	14(15.6%)	8 (15.4%)	4 (11.4%)
	Nickel hypersensitivity	25 (28%)	16 (30.8%)	9 (25.7%)
	Preopérative devices	83(92.3%)	49 (94.2%)	34 (97.1%)
	location check	34(37.8%)	20		14
	-abdominal Xray	49(54.5%)	29		20
	-pelvic ultrasound				
	Improper devices location	14(15.6%)	5 (9.6%)	9 (25.7%)
	Complications †				
	Grade I	1		6(11.5%)*	3 (5.8%)**
	Grade 2	3		3	1
	Grade 3	6		4	2
					N=38
	Postoperative total devices				
	removal check by X-ray				28(73.7%)
	Non total devices removal				4 (10.5%)
	Second time of surgery for				
	devices removal				
					3 (7.9%)
	† Clavien & Dindo classification			
	*3 pelvic hematoma, 1 bladder injury, 3 pelvic inflammatory disease		
	** 1 hemostatic ovariectomy, 1 severe pelvic inflammatory disease, 1 skin infection	

Table 2 .

 2 Tubal and uterus analysis