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Percutaneous Peripheral Nerve Stimulation of the 
Brachial Plexus for Intractable Phantom Pain of the 
Upper Extremity: A Case Report
John J. Finneran IV, MD,*† Timothy Furnish, MD,* Brian P. Curran, MD,* and Brian M. Ilfeld, MD, MS*†  

Phantom limb pain is a common condition occurring after amputations. Percutaneous peripheral 
nerve stimulation (PNS) has been reported to provide analgesia for established lower extrem-
ity phantom pain. However, this modality has never been applied to upper extremity phantom 
pain. A patient presented with acute exacerbation of established upper extremity phantom pain 
2 years following forequarter amputation. A percutaneous PNS lead placed adjacent to the 
patient’s brachial plexus under ultrasound guidance provided analgesia of the phantom pain for 
several weeks. PNS of the brachial plexus may provide analgesia for patients with upper extrem-
ity phantom pain. (A&A Practice. 2020;14:e01353.)

GLOSSARY
ASM = anterior scalene muscle; COVID-19 = coronavirus 2019; MSM = middle scalene muscle; 
NRS = numeric rating scale; PNS = peripheral nerve stimulation; USFDA = United States Food and 
Drug Administration

Phantom limb pain is a common chronic pain phenom-
enon that develops in up to 80% of amputees.1 For 
surgical amputations, potent analgesia in the periop-

erative period is associated with decrease in the intensity, 
prevalence, and frequency of phantom pain.2 However, 
once established, chronic phantom limb pain is notoriously 
difficult to treat. Peripheral nerve stimulation (PNS) may 
be a viable treatment with multiple cases and 1 pilot study 
suggesting favorable results.3–6 To date, all reports of using 
this modality to treat phantom limb pain have involved the 
lower extremity, specifically targeting the femoral and sci-
atic nerves. It remains unknown whether PNS may be used 
to treat phantom limb pain in the upper extremity, given the 
neuroanatomic differences.

In the case described here, a patient presented with an 
acute exacerbation of chronic upper extremity phantom 
limb pain requiring hospitalization and intravenous anal-
gesics. Stimulation of the brachial plexus decreased the 
patient’s pain to a tolerable level and enabled home dis-
charge with the lead remaining in situ and pulse generator 
providing ambulatory treatment.

CONSENT FOR PUBLICATION
The University of California, San Diego Institutional 
Review Board (San Diego, CA) waives the review of case 
reports. Written consent for publication of nonidentifying 
medical information and Health Insurance Portability and 

Accountability Act authorization was obtained from the 
patient.

CASE DESCRIPTION
A 49-year-old man with a history of left upper extremity 
necrotizing fasciitis necessitating forequarter amputation 
followed by 2 years of waxing and waning phantom limb 
pain, worse in the upper arm than the lower arm, presented 
with an acute exacerbation of his phantom pain. Before this, 
his phantom pain had been controlled on an outpatient regi-
men consisting of oral hydromorphone (4 mg 5–6 times per 
day), pregabalin (150 mg every 8 hours), mexiletine (400 mg 
every 12 hours), venlafaxine (150 mg daily), and ketamine 
(100 mg every 8 hours). The patient had previously experi-
enced a similar episode of increased pain that was responsive 
to a combination of intravenous ketamine and a continuous 
interscalene local anesthetic nerve block. He was admit-
ted and received an infusion of intravenous ketamine 0.5 
mg·kg−1·h−1 and a continuous interscalene nerve block with 
ropivacaine 0.2% (8 mL·h−1 continuous infusion, 4 mL bolus 
available every 30 minutes) in addition to his usual home 
regimen. Despite these interventions, the patient continued 
to complain of phantom pain rated 10/10 on a numeric rat-
ing scale (NRS), and an intravenous lidocaine infusion was 
offered to the patient. Due to concerns for systemic local 
anesthetic toxicity and the lack of improvement with the 
interscalene block, the nerve block was discontinued and 
an intravenous lidocaine infusion was initiated at a rate of 
1.5 mg·kg−1·h−1. However, this intervention provided little 
improvement over the subsequent 2 days.

Given his unrelenting pain, the patient was offered per-
cutaneous PNS of the brachial plexus as a rescue therapy. 
Following sterile preparation and draping, the roots of the 
brachial plexus were identified in the space between the 
anterior and middle scalene muscles using a 13- to 6-MHz 
38-mm linear array ultrasound transducer (Edge II; SonoSite, 
Bothell, WA) within a sterile sleeve. After anesthetizing the 
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entry site with lidocaine 1%, a multicomponent implanta-
tion system (OnePass, SPR Therapeutics, Cleveland, OH) 
was used to deliver a helically coiled, insulated lead (Micro-
Lead, SPR Therapeutics, Cleveland, OH) approximately 
1 cm posterolateral to the C6 nerve root of the brachial plexus 
(Figure 1). Stimulation was delivered with a square wave-
form at 100 Hz, and the amplitude and pulse duration were 
adjusted until the patient described a sensation in the C5–6 
dermatome. The patient reported an immediate decrease in 
the phantom pain from 10/10 to 4/10 on the NRS.

The improved analgesia continued for 24 hours. However, 
a malfunction of the pulse generator on the day following 
insertion resulted in an increase in his phantom pain. After 
replacing the external pulse generator, the patient had over-
all downtrending maximum, minimum, and average pain 
scores for the next several weeks (Figure  2). He was dis-
charged with the lead in place and his home regimen of oral 
analgesics. On the 22nd day following lead insertion, the 
patient elected to discontinue therapy as he was preparing 
to undergo implantation of a prosthetic arm. Unfortunately, 
this procedure was delayed due to the coronavirus 2019 
(COVID-19) pandemic. The patient was followed for 180 

days following the PNS procedure and reported similarly 
lower pain scores following lead removal. He did not 
require additional hospitalizations for exacerbations of the 
phantom pain during this time.

DISCUSSION
In the present case, PNS of the brachial plexus provided 
partial relief during an acute exacerbation of chronic upper 
extremity phantom pain, thereby permitting hospital dis-
charge. The ultrasound-guided percutaneous approach 
allowed rapid placement in his hospital room without 
sedation; and, the relatively small external pulse generator 
permitted ambulatory treatment at home. The percutane-
ous stimulator lead used in this case is United States Food 
and Drug Administration (USFDA) cleared for use up to 
60 days. This is in contrast to local anesthetic-based nerve 
blocks, which are effective for days or weeks.7 Additionally, 
compared to the relatively high infection risk of continuous 
nerve blocks administered via perineural catheters, heli-
cally coiled PNS leads have an infection risk estimated at 1 
infection for every 32,000 indwelling days.8

Figure 1.  Lead placement. A, Ultrasound view of the brachial plexus demonstrating the lead target. B, The ASM, MSM, brachial plexus, and 
target location for lead tip implantation (*) are labeled. ASM indicates anterior scalene muscle; MSM, middle scalene muscle.

Figure 2.  Maximum, minimum, 
and average pain scores over 
a 180-d period following inser-
tion of the brachial plexus nerve 
stimulation lead.
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PNS, using both percutaneous and implantable devices, 
has been used to treat acute and chronic painful shoulder 
conditions.9,10 Patients with chronic phantom limb pain 
after amputations exhibit a unique reorganization of their 
somatosensory cortex that correlates not only spatially but 
also in intensity to phantom pain.11 Further, this reorgani-
zation can be reversible with a single injection local anes-
thetic–based peripheral nerve blocks.12 PNS, by providing 
non-nociceptive sensory afferent signaling to the cortical 
regions responsible for the phantom pain, may be particu-
larly beneficial in patients with phantom pain.5

The location of the PNS lead for this patient was based 
on the location of the phantom pain and pilot study data 
showing that lead placement in the middle scalene muscle 
approximately 1 cm posterolateral to the middle trunk and 
the C6 nerve root as it becomes part of the superior trunk 
of the brachial plexus provided optimal relief after shoulder 
surgery.10 This location minimizes muscle contractions that 
tend to occur when the roots of the brachial plexus are tar-
geted as they emerge from the vertebral foramina as well 
as cervical plexus stimulation that is associated with a more 
superficial placement targeting the superior trunk of the 
brachial plexus.10 When placing a percutaneous PNS, it is 
important for the patient to be awake and provide feedback.13 
Specifically, the patient should describe the stimulation in 
the target nerve distribution but not experience significant 
stimulation in other nerve distributions, local stimulation, 
or muscle contraction. When placing brachial plexus leads, it 
is critical to avoid stimulation of the cervical plexus because 
this can limit the ability to increase the current and achieve 
proper stimulation of the brachial plexus.10 In this case, the 
final location of the lead was chosen based on the patient’s 
subjective reporting of improvement in his phantom pain.

Percutaneous PNS leads are cleared by the USFDA 
for 60 days. This patient elected to discontinue treatment 
at day 22. His maximum, minimum, and average pain 
scores remained lower than baseline at 6 months following 
the therapy. The patient did not have any pain exacerba-
tions requiring hospitalization for pain control during this 
period. There is evidence that continuous peripheral nerve 
blocks administered for a long duration (6 days) provide a 
benefit that persists for months following termination of the 
block.13 Additionally, 60 days of PNS applied to the femoral 
and sciatic nerves has led to persistent resolution of lower 
extremity phantom pain.6 It remains unknown whether 
weeks to months of percutaneous PNS therapy will provide 
lasting reductions in upper extremity phantom pain.

Previous descriptions of PNS for treatment of chronic 
postamputation phantom limb pain have been limited to 
the lower extremities.4–6 This case suggests that percutane-
ous stimulation of the brachial plexus may provide ben-
efit for upper extremity amputees suffering from chronic 
phantom pain. Furthermore, the beneficial effect appears 
to have persisted beyond the duration of the stimulation. 
It is important that medical therapy is first optimized. 
Antidepressants, anticonvulsants, transdermal local anes-
thetics, and capsaicin should be considered in addition to 
interventional pain procedures.

The present case suggests ultrasound-guided percuta-
neous PNS for the treatment of upper extremity phantom 

limb pain is feasible, and further investigation appears war-
ranted. E
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