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Incidence and characteristics of intravascular pulmonary migration of etonogestrel implants: a French nationwide study
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Objective(s): To describe the features of etonogestrel implant migration into the pulmonary vasculature and to estimate its incidence in France.

Study design: We retrospectively reviewed French cases of implant migration into the pulmonary vasculature reported up to 2018. Patient clinical data were collected. The annual incidence of migration was estimated from the number of cases reported and number of implants sold.

Results: Twenty-seven cases of migration into the pulmonary vasculature were identified. In 19 cases (70%) it was stated that this was into the pulmonary artery (nine into the left branch, four into the right branch and six unspecified) and in the other eight cases (30%) it was it not specified whether this was into the pulmonary artery or one of its branches. The migration was discovered following a request for implant removal in 59% of cases, following respiratory complaints in 24%, and because the implant was no longer palpable in 17%. In the 24 cases for which information on removal (or not ) was available, the implant was removed in 15 (60% by an endovascular procedure and 40% by invasive surgery); in the remainder it was left in situ. The incidence of migration into the pulmonary vasculature was 1.23 per 100,000 implants sold [95% CI 0.25 -3.58] in 2014, increasing to 3.17 per 100,000 implants sold [1.37 -6.24] in 2017. In 2016, the French National Agency for Medicines and Health Products Safety (ANSM) had recommended performing a systematic search for non-palpable implants, including at thorax level.

Conclusions: The incidence of migration into the pulmonary vasculature is low. Nonetheless, because the consequences are potentially serious, in December 2019 the ANSM made recommendations to reduce this risk.

Introduction

Nexplanon® (launched in France in 2011, and formerly known as Implanon®, launched in 2001) is a long-acting hormonal contraceptive implant, inserted just under the skin, that contains 68 mg of etonogestrel. It is the only contraceptive implant available in France. In 2010, Implanon® was replaced by Nexplanon®, which is radiopaque, which allows the implant's precise location to be verified radiographically. At this time, the applicator was also modified. The first reported case of implant migration was into the pulmonary artery, published in 2014 [START_REF] Patel | Contraceptive implant embolism into the pulmonary artery[END_REF]. Numerous other reports followed of migration into the vasculature and other sites [START_REF] Kang | Etonogestrel implant migration to the vasculature, chest wall, and distant body sites: cases from a pharmacovigilance database[END_REF].

In 2016, the product information (patient leaflet and summary of product characteristics) for Nexplanon® was modified to include both this risk of migration and more precise specification of the insertion site. At this stage, the French National Agency for Medicines and Health Products Safety (ANSM) sent a letter to healthcare professionals (HCPs) to inform them about this risk [3]. However, despite these measures, cases were still reported, and in September 2018 the ANSM asked our Regional Pharmacovigilance Center (CRPV) to conduct a safety review. The objectives of this retrospective study were to characterize the risk of implant migration into the pulmonary vasculature (seriousness, diagnosis, removal management) and to estimate its incidence in France since the product's launch.

Materials and Methods

All cases of implant migration into the pulmonary vasculature reported from 2001 through to 13 November 2018 were identified from the French Pharmacovigilance Database (FPVD), which includes every spontaneous adverse drug reaction (ADR) reported to the 31 French CRPVs [START_REF] Moore | French pharmacovigilance database system: examples of utilization[END_REF]. In this database, ADRs are encoded according to the Medical Dictionary for Regulatory Activities (MedDRA 11.0) classification. In France, ADRs are normally reported by healthcare professionals or patients on a specific form, and the trade name of the drug is given.

Cases of migration into the pulmonary vasculature were identified from the coding as well as a search for the following terms in the case narrative on the reporting form: "pulmonary", "chest", "artery", "thorax", "thoracic", "lung", "pulmonary embolism", "chest pain", and "dyspnea".

In addition, the Marketing Authorization Holder (MAH), Merck Sharp and Dohme (MSD), submitted to the RCPV's safety review all French cases of implant migration and complications during removal that had been reported to it from product launch through to 14 September 2018.

The clinical data of each case were reviewed by one of us. Cases were included only if the implant had been visualized at the thoracic level by chest X-ray, CT or MRI, or other confirmatory diagnosis, or if the implant had been removed from the pulmonary artery. The following information was collected for each case: patient age and body weight, implant renewal or not, date of insertion, insertion in the dominant or other arm, palpation after insertion, hematoma or local bleeding, circumstances of migration discovery, clinical manifestations, date of diagnosis, imaging examination (type, date and results), type of removal, complications and outcomes. To identify duplicate cases, we used the birth date (or the age) of the women and the dates both of the implant insertion and of the diagnosis of the migration.

The MAH provided the number of etonogestrel implants sold per year in France (using shipment data).

To estimate the annual incidence of migration, we assigned each case to the year of diagnosis, and divided the total number of cases by the number of etonogestrel implants sold in France in the same year.

Results

Of the 906 reports of migration reviewed (131 from the CRPVs and 775 from the MAH), 28 cases concerned migration of the implant into the pulmonary vasculature. One duplicate was excluded. The other 878 cases described other types of migration (i.e., into the arm or axillary vein) or complications during or after removal of an implant that had not migrated from the insertion site (i.e., neurovascular injuries).

Of the 27 cases identified (1 with Implanon® and 26 with Nexplanon®), 22 cases had never been published. All had been reported by HCPs. All 27 met the study criteria for seriousness, which were: hospitalization, persistent or significant disability or incapacity. Two cases involved life-threatening conditions.

The median age of the 27 women was 25 years [range 16 -39 years], and their median body weight (known for 14 women) was 55 kg [range 38 -71 kg]. For five patients it was the first implant, for five others the second, and for another the fourth; the number of previous implants not specified in 16 cases. The clinical characteristics of these 27 cases are presented in Table 1. The location of the implant after migration was specified as the pulmonary artery in 19 cases (70%) (nine in the left branch, four in the right branch, six unspecified); in the other eight cases (30%) it was not stated whether migration was into the pulmonary artery or into one of its branches. Information on removal (or not) was available in 24 cases. Six women underwent an invasive surgical procedure to remove the implant. Five of them experienced related complications (pulmonary arterial stenosis, pulmonary infarction, pneumothorax and/or pleurisy). In these cases, fibrosis was detected around the implant, or the device was embedded in the wall of the pulmonary artery. In nine of these 24 cases, the implant was left in situ, either because the removal procedure failed (two cases) or because removal was considered too risky.

No cases were reported up to and including 2013; thereafter (up to 2018), from three to eight new cases of migration into the pulmonary vasculature were annually reported in France (Table 2). The global incidence of reported cases of migration into the pulmonary vasculature has been estimated at 1.76/100,000 implants [95% confidence interval (CI) 1.15 to 2.58].

Discussion

Since the marketing launch of Nexplanon®, which, unlike Implanon®, is radiopaque and thus localizable, 26 cases of migration of this implant into the pulmonary vasculature have been reported in France, with three to eight new cases diagnosed per year. Only five of these cases were reported in the literature [START_REF] Gallon | Looking for a lost subdermal contraceptive implant? Think about the pulmonary artery[END_REF][START_REF] Thomas | Contraceptive implant embolism into the pulmonary artery: thoracoscopic retrieval[END_REF][START_REF] Heudes | Migration of a contraceptive subcutaneous device into the pulmonary artery. Report of a case[END_REF][START_REF] Maroteix | Embolism pulmonary with contraceptive implant[END_REF][START_REF] Journo | Intravascular pulmonary migration of a subdermal contraceptive implant[END_REF].

Our review did not identify any obvious risk factors for migration. Neither body weight nor insertion in the dominant arm was over-reported in these cases. Some authors suggest that migration is the consequence of direct insertion into the vein (basilica or brachial), explaining the occurrence of hematoma after insertion and a non-palpable implant [START_REF] Patel | Contraceptive implant embolism into the pulmonary artery[END_REF][START_REF] Heudes | Migration of a contraceptive subcutaneous device into the pulmonary artery. Report of a case[END_REF][START_REF] Choi | Migration of a contraceptive subdermal device into the lung[END_REF][START_REF] Chung | Endovascular Retrieval of Nexplanon from the Distal Pulmonary Artery[END_REF].

However, in our study, the fact that, in some cases, the implant was palpable just after insertion, and in two cases after several months, raises the possibility of secondary migration. Indeed, even after correct insertion the implant can move by one to two centimeters, perhaps as a result of physical activity [START_REF] Ismail | Migration of Implanon[END_REF][START_REF] Diego | Axillary migration of Nexplanon®: Case report[END_REF].

The anatomy of the pulmonary artery explains the preferential migration of the implant to the left lower lobe. Locations outside the pulmonary vasculature have also been reported. The implant may cross the vascular wall and locate in the pulmonary parenchyma [START_REF] Choi | Migration of a contraceptive subdermal device into the lung[END_REF]. Cases of migration into the basilica, brachial or humeral artery are likely due to arterial perforation (at the time of the insertion or later); such migration increases the risk of local thrombosis [START_REF] Kang | Etonogestrel implant migration to the vasculature, chest wall, and distant body sites: cases from a pharmacovigilance database[END_REF].

According to Ohannessian et al. [14], migration into the pulmonary artery is mainly asymptomatic. In our study, four women had respiratory complaints that had led to several examinations before the diagnosis of migration. Early diagnosis increases the success rate of endovascular removal. More invasive removal (thoracoscopy or thoracotomy) is more frequently required when there is fibrosis around the implant or when it has become embedded in the pulmonary artery wall [START_REF] Kang | Etonogestrel implant migration to the vasculature, chest wall, and distant body sites: cases from a pharmacovigilance database[END_REF][START_REF] Thomas | Contraceptive implant embolism into the pulmonary artery: thoracoscopic retrieval[END_REF]. A case of migration into the pulmonary parenchyma, requiring a thoracotomy under general anesthesia, was also reported. The implant migrated into the pulmonary artery before crossing the artery wall and lodging in the pulmonary parenchyma [START_REF] Choi | Migration of a contraceptive subdermal device into the lung[END_REF]. Endovascular removal is preferred to invasive surgical removal as the latter can have pulmonary complications [START_REF] Thomas | Contraceptive implant embolism into the pulmonary artery: thoracoscopic retrieval[END_REF][START_REF] Heudes | Migration of a contraceptive subcutaneous device into the pulmonary artery. Report of a case[END_REF][START_REF] Chung | Endovascular Retrieval of Nexplanon from the Distal Pulmonary Artery[END_REF].

While implant migration is frequently asymptomatic, it can have serious consequences related to the vascular location of the device or, more often, related to removal. Because the risk of fibrosis probably increases over time, some authors recommend prompt extraction in order to reduce the risk of serious complications during removal [START_REF] Thomas | Contraceptive implant embolism into the pulmonary artery: thoracoscopic retrieval[END_REF][START_REF] Chung | Endovascular Retrieval of Nexplanon from the Distal Pulmonary Artery[END_REF]. Indeed, the sooner the implant is localized, the better the prognosis is. In our study, the implant was left in situ for nine of the 24 women for whom the relevant information was available. Nevertheless, the long-term consequences of leaving the implant in place are not known; it is likely to affect both the vascular system and the possibility of pregnancy.

The annual number of reported cases in France peaked in 2017 (8 cases), at an estimated incidence of 3.17 per 100,000 implants sold [95% CI 1.37 -6.24]. The recommendation in 2016 to perform a systematic search for non-palpable implants, including at thorax level, is likely to have contributed to this peak. This peak incidence is statistically higher than the global incidence estimated by the MAH, at 1.3 cases per 1,000,000 implants (c² = 100.8; p< 0.001), but is nearer to the recent French estimate published by Ohannessian et al. (1/100,000 [0.52-1.75]; c² = 2.71; p <0.09) [14]. It is not known whether cases of migration are more likely to be reported in France than in other countries.

The recent prospective study by Reed et al. [START_REF] Reed | Real world data on Nexplanon® procedure-related events: final results from the Nexplanon Observational Risk Assessment study (NORA)[END_REF] reported no case of migration into the pulmonary artery, but it was not powered to detect rare events (i.e. less than 1/1,000). Migration into the pulmonary vasculature is very rare. It is difficult to estimate the real incidence of this adverse effect. Migration is likely to be under-diagnosed. This is firstly because it is often asymptomatic and so not detected unless the woman asks for removal of the implant, which might be because she wishes to become pregnant, rather than because of symptoms. Furthermore, although in France notifications to health authorities of serious adverse effects are mandatory, a diagnosed case of migration might not always be reported, and the rate of reporting could vary greatly. Thirdly, until 2016, imaging of the thorax was not systematically considered for cases in which the implant was not palpable. Moreover, Implanon®, the form available up to 2010, was not radiopaque, and so migration of those implants is more likely to go undiagnosed. Accurate estimation of the incidence is therefore difficult.

Finally, overestimation can probably be excluded. The most likely cause of an overestimation of risk would be the inclusion in the case total of women who had had their implant placed outside France (affecting the denominator of implant sales in France). To our knowledge, all the women had their implant placed in France. Even if, say, one woman had had Nexplanon® placed outside France (which would make 25 cases instead of 26), this would not greatly change the estimated incidence.

Until 2016, the insertion site could include the sulcus. From 2017, the product information specified that the insertion site should avoid the sulcus to reduce the risk of injury to the large vessels and nerves associated with deep insertion.

By way of conclusion, we make the following recommendations:

 Women should consult their physician 4-6 weeks after insertion, especially if the procedure was difficult.

 Women should regularly assess whether the implant is still palpable and correctly placed just under the skin.

 If the implant is no longer palpable, women should contact their doctor as soon as possible.

 If an implant is not palpable either just after insertion (especially if a hematoma occurs) or several months later, and if it cannot be found in the arm, HCPs should perform imaging examinations at chest level.

 HCPs should check that the implant is correctly placed if a woman has unexplained respiratory complaints (e.g. dyspnea, cough and hemoptysis) and/or cardiothoracic pain.

In December 2019 the ANSM website was updated to include most of these recommendations [16].

Other measures to reduce the risk of migration could include the use of a different insertion site (other than the arm, and more distant from neurovascular structures) and HCP training, because migration is more likely to follow improper insertion [START_REF] Kang | Etonogestrel implant migration to the vasculature, chest wall, and distant body sites: cases from a pharmacovigilance database[END_REF][START_REF] Ismail | Migration of Implanon[END_REF].

Although the incidence of implant migration into the pulmonary vasculature is low, it is potentially related to a life-threatening condition. Moreover, removal is not a risk-free procedure, but neither is leaving the implant in situ risk-free.
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