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Tis case series aims to highlight the efcacy of peripheral nerve stimulation (PNS) in the treatment of phantom limb pain, as well
as provide an alternative method for the treatment of this pain syndrome. In this report, we describe three amputee patients with
severe phantom limb pain who obtained substantial analgesia and improvement in physical functionality after implantation of
a temporary PNS device. Future studies should assess predictors of successful response or poor response to PNS therapy, such as
mental health, environmental stressors, coping skills, and procedural factors. Tese factors may facilitate an individualized
approach for each patient to ensure appropriate candidacy for PNS and better prognosis. Considering that patients in our cohort
did not achieve long-lasting beneft after removal of temporary PNS, future research should assess if patients with phantom limb
pain would beneft from permanent PNS, rather than temporary PNS.

1. Introduction

Nearly 200,000 extremity amputations are performed an-
nually in the United States [1]. Despite advances in the feld
of pain medicine, nearly 70% of post-amputee patients
experience long-term chronic pain and discomfort following
the amputation [2]. Prolonged and uncontrolled pain is
associated with multiple negative consequences including
poor quality of life and functionality. Post-amputation pain
is generally categorized as either phantom limb pain (PLP)
and/or residual limb pain (RLP). PLP is pain originating in
the lost limb that is no longer present to generate sensory
input and is believed to have both central and peripheral
components. Tere are a variety of descriptors for PLP
including burning, stabbing, itching, or muscular contrac-
tions and spasms [3]. First-line treatment for PLP typically
begins with evaluating prosthetic ft and wound healing and
also includes mirror therapy and desensitization. Commonly
utilized pharmacologic agents include gabapentinoids and

selective norepinephrine reuptake inhibitors. Despite these
measures, many patients with PLP fail to achieve adequate
analgesia [3], which has resulted in growing interest in the
use of neuromodulation to address this pain. Specifcally,
peripheral nerve stimulation (PNS) has recently emerged as
a neuromodulation intervention that can be utilized to treat
refractory manifestations of chronic pain, including post-
amputation pain [4, 5]. Tis case series aims to highlight the
efcacy of PNS in three patients with phantom limb pain
from a single tertiary academic center as well as propose
a treatment algorithm for phantom limb pain that in-
corporates the use of PNS.

2. Patient Information, Therapeutic
Intervention, and Outcomes

2.1. Case 1. A 68-year-old female with a history of left
transhumeral amputation, end-stage renal disease on he-
modialysis, hypertension, type 2 diabetes mellitus, and
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anxiety presented to the pain clinic for phantom limb pain.
Her left transhumeral amputation was due to a planned
surgical resection due to necrotizing fasciitis two years ago.

Her main complaint was severe phantom limb pain
based around the area where her thumb, dorsal hand, and
wrist were previously located. She reported constant
shooting and burning pain with intermittent “lightning bolt”
sensations. She also described residual nociceptive limb pain
which was less intense compared to the phantom limb pain.
She had previously trialed gabapentin 100mg twice a day,
nortriptyline 10mg daily, 5mg oxycodone four times daily,
lidocaine patches, ice application, and mirror therapy
without success.

A median nerve neuroma was identifed during exam-
ination with ultrasound, and thus, the decision was made to
perform PNS of the left median nerve for pain relief. A
diagnostic block with 2% lidocaine at the left median nerve
resulted in 80% pain relief. A temporary stimulator
(SPRINT, SPR Terapeutics, Cleveland, OH, USA) was
implanted under ultrasound guidance in close proximity to
the left median nerve. A Sonosite linear ultrasound trans-
ducer (15-6MHz) was used to identify the left median nerve
(neuroma). A short-axis, in-plane approach was used to
place the stimulating needle in close proximity to the
neuroma (Figure 1). Te introducer needle was advanced to
near the left median nerve (neuroma) and stimulation was
carried out with the patient stating that she was feeling
paresthesia in the phantom limb (thumb and index fnger).
After the stimulating needle exhibited optimal spread of
coverage, a PNS lead was advanced through the stimulating
needle. Te external portion of the lead was secured to the
skin with Dermabond (Ethicon, Inc., Somerville, NJ) and

Tegaderm (3M, Inc., Saint Paul, MN). At the 2-week follow-
up after implantation, the patient reported a 40% im-
provement in both pain and physical functionality, with
a subsequent 60% improvement in both outcomes at the 6-
weekfollow-up period. Further, she reported substantially
lower frequency of pain fares and great satisfaction with
PNS. After completion of the 60-day PNS treatment and
removal of the device, her pain returned to its baseline
within 3months. No complications were reported during or
after the procedure.

2.2. Case 2. A 77-year-old female has a history of hyper-
tension, diabetes, chronic kidney disease, depression, and
a high-grade spindle cell sarcoma that resulted in a left
transfemoral amputation. She reported phantom limb pain
difusely around the area of the left foot. She had previously
tried gabapentin, duloxetine, tramadol, intra-articular hip
steroid injections, and mirror therapy without any signif-
cant relief. Te pain was described as severe 10/10 pain
exacerbated by weather changes, and intermittent radiation
to the residual stump.

She underwent a left femoral and sciatic nerve
ultrasound-guided diagnostic block with 2% lidocaine which
provided signifcant pain relief (100%) for 4–6 hours. Two
months later, she underwent a temporary PNS device
placement targeting the left femoral and sciatic nerves. A
Sonosite linear ultrasound transducer (15-6MHz) was used
to identify the left femoral and sciatic nerve at the inguinal
and subgluteal region, respectively. A short-axis, in-plane
approach was used to place the stimulating needle in close
proximity to the nerves. Te subcutaneous tissue layers were
identifed, and local anesthetic was infltrated in the sub-
cutaneous tissue.Te introducer needle was frst advanced to
near the left femoral nerve and stimulation was carried out
with the patient stating that she was feeling paresthesia in the
left femoral nerve distribution. We then inserted the lead
and re-performed stimulation and then styleted the lead. We
repeated these same steps for the left sciatic nerve. After the
stimulating needle exhibited optimal spread of coverage,
a PNS lead was advanced through the stimulating needle.
Te external portion of the lead was secured to the skin with
Dermabond (Ethicon, Inc., Somerville, NJ) and Tegaderm
(3M, Inc., Saint Paul, MN).

At the 2-week follow-up visit, the patient reported
a 100% improvement for both pain intensity and physical
functionality, with a sustained 100% improvement in both
measures at the 6-week follow-up visit. She reported lower
frequency of pain fares and greater satisfaction with PNS
therapy compared to baseline. After severe recurrence of
pain was noted at day 45, ultrasound evaluation revealed
migration of the PNS lead. Te PNS settings were re-
programmed, and efcacy was achieved again with 75%
improvement in pain intensity. After removal of the PNS
device 60 days post-implant, she had a relapse of phantom
limb pain in 2months that was 50% less intense than pre-
implant pain intensity. No other complications were
reported.

Figure 1: Transverse sonographic view of the median nerve
proximal to the left antecubital fossa, with an in-plane stimulator
needle superior to the median nerve. Due to poor quality, the
sonographic images of the other two cases were not included.
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2.3.Case 3. A 16-year-old male reported a history of chronic
left lower extremity pain in the setting of refractory
erythromelalgia and left transtibial amputation secondary to
severe pain and recurrent infection. After amputation, he
began experiencing severe phantom limb pain at the left foot
about three weeks after amputation. A diagnostic nerve
block at the sciatic nerve provided 80% pain relief, and
therefore, a temporary PNS stimulator was implanted under
ultrasound guidance to stimulate the sciatic nerve. A
Sonosite linear ultrasound transducer (15-6MHz) was used
to identify the left sciatic nerve at the subgluteal region. A
short-axis, in-plane approach was used to place the stim-
ulating needle in close proximity to the nerve. Te sub-
cutaneous tissue layers were identifed, and local anesthetic
was infltrated in the subcutaneous tissue. Te introducer
needle was advanced to near the left sciatic nerve and
stimulation was carried out with the patient stating that he
was feeling paresthesia in the left sciatic nerve distribution.
We then inserted the lead and repeated stimulation and then
styleted the lead. After the stimulating needle exhibited
optimal spread of coverage, a PNS lead was advanced
through the stimulating needle to the optimal site of
stimulation. Te external portion of the lead was secured to
the skin with Dermabond (Ethicon, Inc., Somerville, NJ) and
Tegaderm (3M, Inc., Saint Paul, MN).

At the 2-week follow-up visit, the patient reported pain
intensity was 2/10 compared to 10/10 at baseline. At the 6-
week follow-up visit, pain intensity was 5/10. He reported
less frequent pain fares and great satisfaction. After removal
of his PNS device at 60 days, his pain intensity subsequently
increased to 10/10 within one month following removal. No
complications were reported.

3. Discussion

We report a case series of post-amputee patients with severe
phantom limb pain who obtained substantial analgesia and
improvement in physical functionality after implantation of
a temporary PNS device. Reduced frequency of pain fares,
good patient satisfaction, and no adverse events were re-
ported. However, after removal of the temporary PNS de-
vice, pain intensity worsened in all patients and regressed
completely back to pre-implant baseline levels in two pa-
tients. Tis small case series highlights that temporary PNS
provides substantial short-term pain relief and improved
physical functionality, although this therapeutic efect is
temporary and does not extend long-term after device
removal.

Te mechanism in which patients experience PLP is not
entirely delineated but likely has both central and peripheral
components. Central components include somatosensory
cortical reorganization of the area representing the ampu-
tated limb, as well as spinal reorganization in the dorsal
horns after deaferentation from a peripheral nerve [6].
Peripheral components such as increased ectopic nocicep-
tive aferent inputs, axonal nerve infammation, and re-
generative sprouting may also contribute to PLP [7]. PNS is
also believed to have both peripheral and central mecha-
nisms contributing, which would lay the foundation for

a plausible mechanism of PLP improvements with PNS.
Central alterations with PNS include the activation of af-
ferent non-nociceptive fbers which alter dorsal horn in-
terneurons that are needed in the processing of nociceptive
stimuli. PNS may also modulate wide dynamic range neu-
rons in the dorsal horns [8] and can act peripherally by
altering local micro-environments of nociceptive aferent
fbers and reducing ectopic discharges [9]. PNS likely results
in improvements in PLP by altering both the central and
peripheral mechanism contributing to PLP.

Our results are concordant with the literature, which
highlights efcacy of PNS in treatment of post-amputation
pain [4, 5, 10]. Our data are also consistent with superior
analgesia and clinical outcomes from PNS treatment of both
acute and chronic pain syndromes in the back, upper ex-
tremity, lower extremity, and head [4, 11]. However, PNS
studies utilizing temporary PNS lead placement highlight
persistent pain relief up to a year after removal of the PNS
device. Our small case series contradicts this fnding because
all patients in our series reported signifcant worsening of
pain intensity within a month after PNS device removal.
Potential explanations for this include comorbid psychiatric
and medical comorbidities in all three patients, which may
have amplifed their pain intensity and afected their re-
sponse to PNS. Moreover, prior literature on PNS for post-
amputation pain excluded certain patients, such as those
with diabetes, bleeding disorders, autoimmune disorders,
and depression, which may explain the diferences in out-
comes between our case series and the results of prior studies
[4, 5]. Interestingly, patient #3 in this series had a history of
erythromelalgia, which may be an additional factor leading
to treatment-resistant and refractory pain, given its interplay
with the peripheral vasculature and peripheral nervous
system.

Additional clinical studies are needed to further assess
the efcacy of PNS in the treatment of phantom limb pain.
Te current literature suggests that PNS therapy may pro-
vide clinically signifcant pain relief and improvement in the
quality of life of patients with chronic neuropathic post-
amputation pain, which usually includes both residual limb
pain and phantom limb pain [4, 5, 10, 12].

When evaluating post-amputee patients who are expe-
riencing phantom limb pain, the frst step should be to assess
prosthetic ft and ensure proper wound healing if ampu-
tation occurred recently. If none of these are sources of pain,
referral to a physical therapist would be warranted to work
on multiple exercises and pain management modalities.
Pharmacologic treatment with oral gabapentinoids, selective
norepinephrine reuptake inhibitors (SNRIs), or tricyclic
antidepressants (TCAs), followed with a formal biopsy-
chologic evaluation, should be the next step in cases where
pain is refractory to rehabilitation and alternative therapies.
Neuromodulation techniques such as PNS and spinal cord
stimulation may be considered for those patients who do not
obtain beneft from conservative and pharmacologic treat-
ment. Additionally, other procedural interventions such as
dorsal root entry zone ablation, peripheral nerve blocks, and
radiofrequency ablations can also be considered. In some
cases, surgical intervention may be necessary if none of the
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aforementioned interventions improve the patients’ pain
and quality of life.

Future studies should assess predictors of successful
response or poor response to PNS therapy, such as mental
health, environmental stressors, coping skills, and pro-
cedural factors.Tese factors may facilitate an individualized
approach for each patient to ensure appropriate candidacy
for PNS and better prognosis. Considering that patients in
our cohort did not achieve long-lasting benefts after re-
moval of temporary PNS, future research should assess if
patients with phantom limb pain would beneft from per-
manent PNS, rather than temporary PNS.
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