
Neuromodulation techniques such as spinal cord stimula-
tion (SCS) and peripheral nerve stimulation (PNS) are safe and 
effective treatments for various chronic pain conditions [1–3]. 
Complications related to SCS and PNS can be classified as hard-
ware-related, programming-related, or biological, with the first 
being the most common [4]. Hardware-related complications 
include electrical lead migration, fracture, and malfunction; 
extension lead disconnection or misconnection; and battery de-

pletion, flipping, and recharging problems [4,5]. Among them, 
lead fracture is rare, especially in PNS [4,6], and is associated 
with lead location and extension length [7]. We performed PNS 
on the medial cord and radial nerve near the shoulder joint. The 
shoulder joint has the widest range of motion in the body, so the 
electrical lead is vulnerable to damage. We report an electrical 
lead injury associated with repetitive joint motion, which is an 
uncommon hardware-related complication in PNS. 

Case Report

In 2015, a 54-year-old man underwent PNS for brachial plex-
opathy that resulted from a video-assisted thoracoscopic surgery 
(VATS) for a superior mediastinal schwannoma that was per-
formed eight years earlier. After the VATS, he reported pain in 
his medial and posterior forearm, especially in areas innervated 
by the posterior and medial antebrachial cutaneous nerves. He 
rated his pain intensity as 8–9 on a 10-point numeric rating scale 
(NRS) in which 0 indicates no pain and 10 indicates the worst 
pain imaginable. Electromyography revealed left brachial plex-
opathy that mainly involved the medial and posterior cords. The 
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patient’s pain was intractable to various conservative pharmaco-
logical and non-pharmacological treatments, so he had received 
SCS from 2012 to 2015. However, his condition became resis-
tant to this treatment, so it was switched to ultrasound-based 
PNS that was performed with percutaneous electrical leads 
(Medtronic, USA). One lead was inserted into the radial nerve 
via an axillary approach, and another was fixed onto the me-
dial cord via an infraclavicular approach (Fig. 1) [8]. After the 

PNS, his NRS-reported pain decreased from 8–9 to 1–2, and he 
required no analgesics. The PNS provided effective therapy for 
approximately 20 months, but then the patient’s pain returned 
at an NRS-reported level of 7–8. He reported a frequent elec-
tric shock-like sensation at the implantable pulse generator’s 
insertion site, and a physical examination revealed hyperalgesia 
and mechanical allodynia on his medial and posterior forearm. 
We confirmed fractures on both electrical leads with N’Vision 
(Medtronic), a hand-held device for programming Medtronic 
devices. This device revealed abnormally high electrode im-
pedance (> 10,000 Ω). The fractured leads were removed, and 
a new lead was inserted onto the medial cord with ultrasound 
guidance (Figs. 2 and 3). The patient was placed in a supine po-
sition with his arm abducted. After obtaining a short-axis view 
of the axillary artery and vein, we placed a Tuohy needle in-
plane between the axillary artery and the medial cord and then 
injected 10 ml of normal saline to provide space for the lead. 
We turned the Tuohy needle’s bevel toward the trunk and gen-
tly inserted the new lead until we detected resistance. We then 
removed the Tuohy needle and adjusted the lead’s position with 
repeated electrical stimulation because the lead was obscured 
in the ultrasound-images. We inserted only one new lead be-
cause it adequately covered all painful areas, and we inserted it 
at an opposite site of the joint. After this insertion, the patient’s 
NRS-reported pain decreased from 8–9 to 1–2. 

a

b

Fig. 1. PNS lead positions prior to lead fractures. One lead was inserted 
on the radial nerve for pain in the posterior antebrachial cutaneous 
territory (a), and another was fixed on the medial cord for pain in the 
medial antebrachial cutaneous dermatome (b). PNS: peripheral nerve 
stimulation.

Fig. 2. Lead positions after the PNS revision procedure. A new lead 
was inserted on the medial cord. The lead was inserted into the trunk 
side to prevent damage due to joint movement. PNS: peripheral nerve 
stimulation.

Fig. 3. Ultrasound-guided PNS system implantation. The Tuohy 
needle (arrow-head) was inserted with a conventional infraclavicular 
approach, and the needle tip was placed between the axillary artery 
and the medial cord. After a 10-ml normal saline injection, the lead 
(arrow) was inserted until resistance was felt. The lead’s proper position 
was settled with repeated electrical stimulation during lead withdrawal. 
PM: pectoralis major muscle, Pm: pectoralis minor muscle, MC: medial 
cord, LC: lateral cord, A: axillary artery, V: axillary vein, PC: posterior 
cord, PNS: peripheral nerve stimulation.
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Discussion

PNS is applied to various peripheral nerves, so it involves 
diverse techniques. Generally, paddle leads or percutaneous 
leads that are applied for SCS can also be used for PNS. Paddle 
leads offer many advantages over percutaneous leads. First, un-
desirable electrical stimulation can be avoided because paddle 
leads can be precisely and stably arranged over the entire nerve 
[7]. Additionally, paddle leads have a broader contact area than 
percutaneous leads do, which enables stimulation of multicom-
ponent nerves such as the sciatic nerve, with its peroneal and 
tibial components [7]. However, inserting and removing paddle 
leads necessitates open surgeries under general anesthesia [7], 
which limits intraoperative physician-patient communication. 
With regional anesthesia, the physician cannot determine the 
appropriate stimulation parameters, so this communication with 
the patient is very important for success in neuromodulation 
procedures such as SCS and PNS. On the other hand, using per-
cutaneous leads for PNS avoids the need for surgically dissecting 
nerves under general anesthesia, but percutaneous leads are 
vulnerable to migration, kinking, and rotation [9]. Moreover, it 
is difficult to precisely place percutaneous leads over the target 
nerve, so it is common to make multiple insertion attempts, 
which can increase the risk of lead damage. In this case, we in-
serted the percutaneous leads with an ultrasound-guided tech-
nique [10], so correctly positioning the leads was not difficult. 

A meta-analysis of two randomized controlled studies, two 
retrospective analyses, and two review articles featuring a com-
bined 4,602 patients calculated a mean lead fracture rate for SCS 
of 6.37% (95% CI: 2.63–10.10%) [4]. For occipital nerve stim-
ulation and peripheral field stimulation, a meta-analysis of one 
randomized controlled trial and three retrospective analyses fea-
turing a combined 277 patients calculated a mean lead fracture 
rate of less than 5% [4]. However, no such estimates are available 
for the incidence of lead fracture in PNS applied to the brachial 

plexus, as in our case. 
Generally, the best way to prevent lead damage is to avoid 

crossing a joint, but this can be challenging for several reasons. 
First, the target nerves may be inconveniently located, namely 
PNS may be difficult to perform due to the location of target 
nerves in certain cases. PNS for upper extremities can be per-
formed at the trunk, division, cord, and terminal branch levels. 
In this case, we selected the medial cord for stimulating the me-
dial antebrachial cutaneous nerve, which innervates the medial 
forearm, and the radial nerve for stimulating the posterior ante-
brachial cutaneous nerve, which innervates the posterior fore-
arm. If we had performed PNS on the proximal brachial plexus 
at the trunk or division level, we could have avoided the large 
shoulder joint and covered a larger area. However, this could 
have provoked unwanted stimuli that would have distressed the 
patient. Second, post-PNS pain relief increases the joint’s motion 
range. Our patient did not move his shoulder and elbow joints 
because of severe pain, so we inserted leads near the shoulder 
joint. However, the implanted leads moved with the shoulder’s 
increased motion range, which may have caused the lead frac-
tures [9]. 

In conclusion, although PNS is a highly effective and safe 
treatment, it has a few disadvantages. Among them, lead fracture 
is a relatively late complication that necessitates repeat opera-
tions. To prevent lead fractures resulting from repetitive motion, 
clinicians should avoid crossing the leads over large joints and 
implanting leads near such joints if possible.
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