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Abstract

Objectives—We aim to describe our experiences and identify patients who may benefit from 

referral to a peripheral nerve surgeon for removal of contraceptive subdermal implants in which 

neurovascular injury may occur and describe a treatment pathway for optimal care.

Study Design—We reviewed the charts of 22 patients who were referred to the Division of 

Family Planning for difficult removal of etonogestrel contraceptive implants between January 1, 

2014 and April, 1 2016. Of these, 5 were referred to a peripheral nerve surgeon due to pain or 

location of the implant. We evaluated and described these cases and from our findings, developed 

recommendations for care in a multidisciplinary team approach.

Results—Two patients reported pain, including one with four previous failed removal attempts. 

In the two patients with pain, the implants were adherent to a sensory nerve. In another, the 

implant was within the biceps muscle and difficult to locate. In all cases, ultrasound imaging, 

general anesthesia, and a wide exposure allowed for safe removal and good outcomes. Our 

multidisciplinary care approach has elucidated important referral and technical considerations that 

improve patient care and safety.

Conclusion—When necessary, multidisciplinary care with a Family Planning expert and 

possibly a peripheral nerve surgeon may be beneficial in safely removing etonogestrel 

contraceptive implants that would be difficult or risky to remove in an ambulatory setting.
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1. Introduction

The use of long-acting, reversible subdermal contraceptive implants increased by 50% 

between 2009 and 2012 [1]. The only etonogestrel contraceptive implant available in the US 

is Nexplanon® (Merck Inc., Whitehouse Station, NJ), which replaced its predecessor, 

Implanon® (Merck Inc., Whitehouse Station, NJ). Both are single-rod implants are 4 cm 

long and placed subdermally along the medial upper arm [2, 3]. The implant is inserted 

using a simple applicator in an ambulatory clinic, and practitioners usually perform removal 

in an office setting as well. Practitioners in the US and abroad are required to complete 

insertion and removal training to prevent complications, but very rarely, serious adverse 

events have occurred such as migration or embolization of implants. The manufacturer 

estimates that intravascular placement has occurred in just over one patient per million 

Nexplanon® implants sold[4]. While serious adverse events related to insertion and removal 

are exceedingly rare, [5–7], prior reports have described cases that required specialized 

surgical expertise to remove all varieties of implants from the upper extremity while 

minimizing additional risks to the patient [8–18]. It is not always easy to identify someone 

qualified to treat these types of cases, but Family Planning specialists who may be found at 

some academic medical centers should be the first point of referral to triage such patients.

Depending on the Family Planning specialist’s findings, select cases may benefit from 

partnership with physicians with additional upper extremity surgical proficiency. A 

peripheral nerve surgeon has training, knowledge and interest in the treatment of traumatic 

and compressive disorders of the peripheral nerves. Usually they have completed a residency 

in plastic or orthopedic surgery with subsequent subspecialty fellowship in hand and upper 

extremity surgery. They are uniquely qualified to remove implants that are directly adjacent 

to neurovascular structures or deep within the musculature.

Few reports have stressed the importance or illustrated the anatomy of neurovascular 

structures running superficial to the deep fascia. Here, we discuss five cases that, despite 

evaluation by a family planning specialist with experience in difficult removals (author 

DLE), ultimately required surgical extraction of the implant by a peripheral nerve surgeon 

(author IKF). The purpose of this report is to educate practitioners about the complex 

anatomy of the upper arm and help them guide patients through a referral pathway to a 

peripheral nerve specialist when needed.

2. Materials and Methods

After obtaining IRB approval, we reviewed the charts of 22 patients referred to Family 

Planning specialists in the Department of Obstetrics and Gynecology for difficult 

etonogestrel implant removal between January 1, 2014 and April, 1 2016, based on their log 

of such referrals. Reasons for referral included failed attempt by referring provider, 

nonpalpable implant, concern for deep location and neuropathic pain. By using Current 

Procedural Terminology codes 11976 (Removal, implantable contraceptive) and 11982 

(Removal, non-biodegradable drug delivery implant) to query the Plastic and Reconstructive 

Surgery billing database, we identified all cases that were subsequently referred to for care 

by peripheral nerve surgeons. We then performed review of the electronic medical record of 
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these five identified patients to extract relevant data including age, BMI, insertion site and 

date, type of implant, reason for removal, prior removal attempts, examination of the 

extremity and answers from a pain questionnaire, preoperative imaging, operative data, and 

postoperative complications.

3. Results

Of the 22 patients referred for difficult implant removal, 17 had successful removal 

completed by the Family Planning specialists, some requiring ultrasound localization and/or 

guidance. Without further attempts at removal, the specialists referred the five other patients 

to a peripheral nerve surgeon due to either pain or location of implant being deep within the 

muscle or in too close proximity to neurovascular structures.

Summary data for these 5 patients are shown in Table 1. Patient 1 and Patient 5 both 

complained of neuropathic pain. Patient 1 developed pain and presented for removal. Patient 

5 underwent a removal attempt under local anesthesia and developed subsequent changes in 

sensation and neuropathic pain. Given the pain experienced by patients 1 and 5, 

electrodiagnostic testing was performed before surgery due to concern for a nerve injury. 

Patient 3 had had a palpable implant after placement, but when she presented for removal on 

device expiration it had become nonpalpable. Patient 2 and Patient 4 had implants that were 

never palpable on examination.

Each of these patients was taken to the operating room and the implant was removed under 

general anesthesia by a peripheral nerve specialist (Figures 1–5). This allowed for wide 

exposure of the implant, intraoperative ultrasound for localization of the implant, stimulation 

of the nerves, adequate hemostasis and sufficient visualization of both ends of the implant 

prior to handling and extracting the device. Postoperatively, we performed and documented 

the upper extremity neurovascular examination. Therapy for scar management, 

desensitization, range of motion, and strengthening were ordered when necessary for each 

patient. Furthermore, the two patients with preoperative pain were prescribed gabapentin to 

assist with reduction of neuropathic pain. All recovered satisfactorily with no complications.

4. Discussion

Despite the rarity of neurovascular complications associated with the etonogestrel 

contraceptive implant, there are a few reports of median and ulnar nerve injury associated 

with device extraction, particularly during challenging removals [19–21]. To minimize such 

risks, the manufacturer addresses the importance of avoiding the bicipital groove and 

ensuring the tip of the inserter is visible throughout the insertion procedure to avoid deep 

insertion and recommends placement at least 8cm above the medial epicondyle [3, 22, 23]. 

However, because of the anatomic complexity and superficiality of sensory nerves and 

vessels, avoiding the bicipital groove does not eliminate risks [24–27]. Thus, when the 

patient experiences subdermal implant-associated pain or change in sensation or is at risk of 

neurovascular damage on removal (characterized by location of implant deep to muscle 

fascia or proximity of the implant to a neurovascular structure on physical exam or imaging), 

referring the patient to a family planning specialist with experience managing difficult 
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implant removals [28] and subsequently to a peripheral nerve surgeon may optimize 

outcomes.

In our experience in these five cases, currently described techniques were inadequate for 

implant removal. Although such techniques include use of intraoperative ultrasound to guide 

dissection [11] and dissection with a mosquito clamp, they do not include direct 

visualization of the entire implant before extraction. One may reduce the risk of nerve injury 

by using a wide operative exposure and avoiding grasping the implant with a surgical 

instrument until it has been identified in its entirety & separated from adjoining tissues as 

described in our results.

4.1 Anatomy of the upper extremity

When evaluating a patient for etonogestrel contraceptive implant removal, we consider the 

proximity of the brachial artery, ulnar and median nerves, and superficial structures 

including the medial antebrachial cutaneous (MABC) nerve, other sensory nerve branches, 

and basilic vein. The ulnar and median nerves and brachial artery run within the deep fascia 

and become more superficial within the bicipital groove as they run distally. The MABC 

nerve, which provides forearm sensation, has anterior and posterior branches lying deep in 

the bicipital groove until 14 cm proximal to the medial epicondyle, where it pierces the 

fascia and lies within the subcutaneous fat—in the vicinity of where the implants are 

inserted (Appendix 1). Damage during placement or removal of contraceptive implants 

could lead to loss of sensation, neuroma formation, and chronic neuropathic pain.

4.2 Initial evaluation of patient with nonpalpable implant

If the implant is not easily palpable or is in an unexpected location, we do not attempt 

removal until the implant is localized with imaging [3]. Our standard history includes a 

review of prior attempts at removal and any upper extremity pain or functional deficit. 

Examination should include attempted implant palpation, documentation of the scar location 

and size, and basic sensory and motor testing of the upper extremity. We document distal 

pulses and existing neurovascular deficits during the first visit with all patients. The Family 

Planning expert should then use clinical judgement to proceed with removal or referral. With 

any abnormal findings (neuropathic pain, change in distal sensory/motor function), or 

perineural/perivascular and/or subfascial implant location on imaging, we suggest direct 

referral to a peripheral nerve or hand surgery specialist. Electrodiagnostic testing may be 

ordered prior to surgery depending on clinical concern for a nerve injury.

4.3 Minimizing Risk

If the patient desires another form of contraception, that plan should be established before 

implant removal [3]. It is important that the correct ultrasound probe and a clinician with 

experience in implant localization, such as the referring Family Planning expert, are 

available in the operating room, [11, 17] as we used intraoperative ultrasound after 

positioning and/or incision to locate the implant in all cases. Because the implants are 

located in the upper arm, a tourniquet is not used (Figure 2). We avoid local anesthetic and 

paralytics as they preclude intraoperative nerve stimulation. Having an ultrasound with the 

correct probes in the room to confirm the location and reinforce markings is ideal.
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In cases of peripheral nerve symptoms, we counsel patients to expect a 4–5 cm incision 

along the axis of the implant. Smaller incisions have been described [13, 15, 20] but may not 

allow visualization of the complete implant. A fibrous sheath often encases the implant 

which can make it virtually indistinguishable from subcutaneous nerves (Figure 2) so we do 

not handle the device with forceps or grasping instruments until we have confirmed its 

identity.

Any distal loss of sensory and motor function associated with insertion or removal of an 

etonogestrel contraceptive implant is treated as a suspected transection injury and managed 

within days, if possible. A number of treatment options are available to minimize chronic 

pain and disability (e.g., nerve repair, nerve grafting, distal nerve transfer), but only if 

intervention occurs in a timely fashion) [29].

4.4 Further recommendations

The best way to optimize outcomes is to ensure proper subdermal implant insertion. 

Implants are to be placed in the between the dermis and subdermal tissue under local 

anesthesia, and should remain palpable throughout the lifespan of the device[30]. If the 

implant is placed at the proper depth, critical neurovascular structures should be avoided by 

inserting the implant at least 8cm proximal to the medial epicondyle[25]. While previous 

literature shows a migration rate as high as 39% of patients[31], a recently published study 

of 4294 practitioners, showed migration in only 0.26% of cases[5]. Migration is typically no 

more than 2cm from the initial insertion site. While the focus is often on avoiding too deep 

placement; superficial placement can also cause problems. Placement of the implant 

between the epidermis and dermis risks implant exposure and continuous painful stimulus to 

the sensory receptors and nerves lying in this layer.

Placing the etonogestrel contraceptive implant in a less anatomically complex location than 

the upper arm may further improve the safety of contraceptive implants. For example, 

Wechselberger et al. [27] recommended placing implants in the median supraumbilical 

region as this location is inconspicuous and contains essentially no neurovascular structures.

Alternatively, a change in device design may be more appropriate. Both etonogestrel 

contraceptive implants are off-white and resemble the appearance of nerves and vessels in 

the upper extremity, particularly when encased in scar tissue. Changing the color of the 

device to turquoise or green (such as the placebo used during FDA-required manufacturer 

training programs) could avoid confusion and assist with recognition of the device upon 

extraction. However, this would require reformulation and retesting of the device and would 

be financially burdensome for the rare event that the implant is directly adjacent to a 

peripheral nerve.

Finally, as etonogestrel contraceptive implants gain popularity, continued education and 

multidisciplinary care is key. Given the simple design of the applicator [32] and low-risk 

nature of insertion, training is thorough and mandatory and does include neurovascular 

anatomy. However it does not address neurovascular complications and their management. 

Given the rarity of such adverse events related to the contraceptive implant it is crucial that 

patients experiencing them are referred to clinicians with expertise such as a Family 
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Planning expert and when necessary they may need to collaborate with others. If there is a 

suspected nerve injury or attempts at ultrasound-guided extraction by a Family Planning 

expert fail, early referral and partnership with a peripheral nerve surgeon may successfully 

optimize our patient experiences.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Patient 1 – 36-year-old (BMI 18.3), multiple extraction attempts and significant pain. 

Clockwise from top left: a) Ultrasound image with proximity to neurovascular structures; 

note nerve fascicles directly abutting the implant in cross-section. b) Initial incision; note 

transverse scars (black arrows) from prior extraction attempts. c) Wide exposure of the 

implant with significant scarring. d) Removal of the implant. Green arrow marks the 

implant, yellow marks nerve, blue marks blood vessel. (Printed with permission ©2016 

nervesurgery.wustl.edu)
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Figure 2. 
Patient 2 – 19-year-old (BMI 31.2), migration of implant and prior failed extraction. 

Clockwise from top left: a) Ultrasound imaging with implant in cross-section directly 

adjacent to neurovascular structure. b) Pre-operative marking and positioning of the 

extremity. c) Implant exposure; implant directly adjacent to superficial sensory nerve. d) 

Note similarities in color and size of the implant and sensory nerve. Green arrow marks the 

implant, yellow marks nerve, blue marks blood vessel. (Printed with permission ©2016 

nervesurgery.wustl.edu)
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Figure 3. 
Patient 3 – 48-year-old (BMI 20.5), expired device, intramuscular implant. Clockwise from 

top left: a) Ultrasound imaging with longitudinal view of implant deep to biceps fascia. Note 

parallel orientation with muscle fibers. b) Preoperative marking; note multiple marks due to 

change in implant location with any change in extremity position. c) Biceps fascia without 

observable implant or visible fascial defect. d) Implant extraction from within the biceps 

muscle body. Green arrow marks implant, red marks biceps fascia. (Printed with permission 

©2016 nervesurgery.wustl.edu)
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Figure 4. 
Patient 4 – 23-year-old patient (BMI 21.9), expired device, subfascial implant. Clockwise 

from top left: a) Ultrasound imaging with transverse view of implant (green arrow) deep to 

biceps fascia in close proximity to the brachial neurovascular bundle (blue arrow). b) 

Preoperative marking and positioning. c) Biceps fascia without observable implant or visible 

fascial defect. d) Implant deep to biceps fascia. (Printed with permission ©2016 

nervesurgery.wustl.edu)
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Figure 5. 
Patient 5. 25-year-old patient (BMI 19.8), expired device and pain after failed removal 

attempt. a) Ultrasound imaging with transverse view of implant (green arrow) deep to tricep 

fascia in close proximity to cutaneous nerve and vein. b) Preoperative marking and 

positioning, note posterior implant location. c) Triceps fascia with visible implant. d) 

Implant deep to triceps fascia with thick encapsulation. (Printed with permission ©2016 

nervesurgery.wustl.edu)
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