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Abstract: Phantom limb pain (PLP) is a common condition that occurs following both upper and lower limb amputation. First
recognized and described in 1551 by Ambroise Pare, research into its underlying pathology and effective treatments remains a very
active and growing field. To date, however, there is little consensus regarding the optimal management of phantom limb pain. With
few large well-designed clinical trials of which to make treatment recommendations, as well as significant heterogeneity in clinical
response to available treatments, the management of PLP remains challenging. Below we summarize the current state of knowledge in
the field, as well as propose an algorithm for the approach to the treatment of PLP.
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History of Phantom Pain
Phantom pain was first described by Ambroise Paré in 1551. Paré, a surgeon with the French army, earned the rank of
master barber-surgeon in 1536, and served four French kings over a period of 30 years. He had extensive experience with
amputees in his practice and was reported to have amputated as many as 200 limbs in a day.

In his experience with soldiers following amputations, he wrote,

For patients, long after the amputation is made, say they still feel pain in the amputated part. Of this they complain strongly,
a thing worthy of wonder and almost incredible to people who have not experienced this.

His description of phantom pain foreshadowed current thoughts, with suggestions of a peripheral model (noting
contractions of muscles, nerves and tendons), as well as postulations that “pain memory” in the central nervous system
could account for pain without contractures.' His astute observations, however, seem to have been ignored for the next
300 years. The difficulty of understanding the phenomenon of continued sensations and pain in a limb that has been
amputated seems to have rendered the matter “indelicate.”

In 1871, Silas Weir Mitchell published the first modern description of phantom pain and reestablished interest in the
topic. Mitchell was a physician in Philadelphia during the Civil War and was responsible for the treatment of nervous
injuries and problems at Turners Lane Hospital. He described some of the unusual symptoms from wounds to peripheral
nerves, including both causalgia and phantom pain, in his book entitled Injuries of Nerves and Their Consequences.

In his writing about the consequences of amputation, he writes:

Sensory hallucination.—No history of physiology of stumps would be complete without some account of the sensorial delusions
to which persons are subject in connection with their lost limbs...Nearly every man who loses a limb carries about with him
a constant or inconstant phantom of the missing member, a sensory ghost of that much of himself, and sometimes a most
inconvenient presence, faintly felt at times, but ready to be called up to his perception by a blow, a touch, or a change of wind.®

In more recent years, phantom experiences with other organs including tongue, breast, testicle, bladder, gallbladder and
penis have been described.'® Similar sensations and pain have also been noted after spinal cord injury, thalamic lesions,

and nerve avulsion injuries.

Journal of Pain Research 2022:15 3349-3367 3349
Received: 22 December 2021 © 2022 Boomgaardt et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/
AT terms.php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http:/creativecommons.org/licenses/by-nc/3.0/). By accessing

Accepted: 14 October 2022
Published: 26 October 2022

the work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed.
For permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Boomgaardt et al Dove

Today, we continue to struggle to explain phantom sensations and pain. Unfortunately, the rate of phantom pain after
amputation remains high and effective treatment remains elusive. This paper will review the current literature on
phantom pain and discuss a stepwise approach to treatment based on the currently available evidence.

Definitions, Epidemiology, and Risk Factors of Phantom Pain

Phantom sensations are defined as any sensation, excluding pain, of the missing limb and are experienced by almost all
patients who undergo amputation. Young children, however, seem to be much less likely to experience phantom
sensations. Simmel studied this phenomenon and found that phantom sensations were reported to occur in 20% of
amputees <2 years old, in 25% of children between 2 and 4 years old, in 61% between 4 and 6 years old, in 75% of
children 6 to 8 years old, and in 100% in children greater than 8 years old.”

Phantom sensations are described using terms such as tingling, tightness, touch, temperature, and itching. The
position of the limb can be relaxed, distorted or fixed. Immediately after the amputation, the limb is generally described
as resembling the pre-amputation limb in volume, shape, length, and movement. With time, telescoping may occur.” This
describes a sensation that the proximal portion of the limb shrinks or shortens, leaving the distal part attached or
approaching the residual limb. For example, the patient will describe feeling as though their missing hand is attached to
their shoulder.

Phantom limb pain (PLP), defined as pain in the missing limb, is thought to occur in 60—85% of adult amputees. It is
estimated that there are approximately 1.6 million amputees in the United States, with approximately 30-40,000
amputations performed yearly, most commonly due to peripheral vascular disease.*

Historically, the incidence and prevalence have been drastically underestimated. Factors that are likely to have
contributed to this underestimation are healthcare providers failing to ask the patients about phantom pain and patients
being reluctant to report such symptoms for fear that they would be considered psychologically unstable.'*

Phantom pain typically starts quickly after the amputation, sometimes immediately after the anesthetic wears off, and
usually within the first few days following the procedure. A recent study by Flahaut et al found that PLP developed in
50% of patients within the first 24 hours post-amputation and in 85% of patients within 1 week.” This timing of onset,
however, is variable with research by Schley et al suggesting there may be a second peak in onset at approximately
12 months post amputation.'?

Phantom pain, like phantom sensation, is usually concentrated in the distal aspect of the limb. It is commonly
described as shooting, throbbing, squeezing, stabbing, boring, pricking, cramping or burning. ' Initially, Simmel claimed
that children born with missing limbs could not experience phantom pain.” This concept that those with congenital
amputations could not experience PLP has since been refuted. Wilkins et al studied 60 child and adolescent amputees, 27
born with a missing limb and 33 who underwent surgical amputation. They found an incidence of phantom pain in 3.7%
in the congenital amputees and 48.5% in the surgical group.® Further research by Weinstein et al found that amongst 30
congenital amputees, five experienced phantom limb pain.” This suggests that although rare compared to acquired
amputations, those with congenital amputations may experience PLP.

Although it has been suggested that pre-amputation pain increases the risk of phantom pain, the relationship is not
entirely clear. Traumatic amputations seem to produce about the same percentage of patients with phantom pain as those
with chronic painful conditions prior to the amputation.® Jensen et al studied 58 amputees, comparing the rate of
phantom pain between a group with and without pre-amputation pain. Phantom pain was significantly more frequent in
the group with pre-amputation pain at 8 days and 6 months, but not after 2 years.'® Additionally, several recent studies by
Nikolajsen et al have found that pre-operative pain, as well as preoperative limb sensitivity measured using the limb pain-
pressure threshold, predict early phantom limb pain but not late phantom limb pain assessed at 6 months.'""'> More
recent work by Noguchi et al suggests that inadequate pre-operative pain control and the presence of diabetes mellitus are
major risk factors for the subsequent development of PLP.!” Overall, the evidence supports inadequate pre-operative pain
control as an important risk factor in the subsequent development of PLP, but that this relationship appears to be more
significant in predicting early PLP development.

While the association between pre-amputation pain and phantom pain remains unclear, studies consistently demon-
strate an association between phantom pain, phantom sensations and residual limb pain.'"'*'*'> Residual limb pain, or
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stump pain, is pain at the amputation site, typically near the incision site. This type of pain is common in the immediate
postoperative period but for some patients, can persist for years after the wound has healed.® The pain is often described
as stabbing, shocking or burning at the end of the residual limb. Examination of the limb may reveal infection, neuromas
or bone spurs that account for at least some of the pain.

Kooijman et al reviewed data collected from 124 upper extremity amputees. They found a significant association
between phantom pain and phantom sensation (relative risk 11.3) and between phantom pain and residual limb pain
(relative risk 1.9).'"® While some patients might have difficulty distinguishing between these phenomena, it is also
possible that residual limb pain triggers phantom pain, making separation difficult. Still, multiple studies have reported an
interrelationship between phantom pain, residual limb pain and phantom sensations for both upper and lower extremity
amputations.'®!?

In Kooijman’s report, there was a trend toward increased risk of phantom pain with more proximal amputation, but it
did not reach significance. This increased incidence of phantom pain with more proximal amputation has also been
reported by others.'***

Understanding the duration and natural history of PLP remains elusive. Studies by authors such as Parks® have
suggested that phantom pain often decreases or ceases after two years. Kooijman,'® however, failed to find this pattern of
diminishing pain. Nikolajsen et al'> analyzed data from 56 patients 1 week, 3 months and 6 months after amputation. The
incidence and intensity of pain remained constant but the frequency and duration of attacks decreased significantly.
Further work by Flor et al did not note a clear relationship between time and PLP severity, though their work using
functional neuroimaging suggests that it is the degree of cortical reorganization that helps to predict PLP.*? Further work
in this area is needed to elucidate this relationship. Like other aspects of understanding phantom pain, meaningful
conclusions are complicated by differences in study populations, study designs and outcomes measured.

Pathophysiology of Phantom Pain
The pathophysiology of phantom pain is not well understood, but many theories have been suggested. The hypotheses are
detailed below, divided into peripheral factors, central factors, and psychological factors.

Peripheral Factors

1. When nerves are injured or severed, the neuron undergoes retrograde degeneration and shrinkage. The nerve
terminal swells, and the axon then sprouts in an attempt to regenerate and reestablish the previous connection.
Unfortunately, as reconnection is impossible in the case of amputation, this often results in the development of
a disorganized mass of nerve fibers, termed a neuroma. These fibers have pathological spontaneous activity as
well as low mechanical and chemical thresholds for stimulation and firing. Much of the abnormal behavior is
generated along the axon or in the soma, and such discharges are termed ectopic. The sodium channels along the
axon appear to be upregulated or novel. Local upregulation of sodium channels has been found to correlate with
more frequent bouts of pain.?® Altered transduction molecules for mechano-, heat and cold sensitivity also appear
to play a role.”"** Ectopic discharges from myelinated axons appear to start earlier and to be rhythmic, while
C-fibers tend to demonstrate slow, irregular patterns.”> Non-functional connections between axons are also
observed and are thought to contribute to abnormal nerve firing patterns.*

Neuroma formation is thought to contribute to residual limb pain and can sometimes be felt during examination of the
residual limb. Neuromas may also be a source of abnormal impulses to the central nervous system, where such input may
contribute to central reorganization, which may contribute to the later development of PLP.?' Residual limb pain, as
noted above, is linked to higher rates of phantom pain. Neuromas, however, are not formed at the time when most
patients start to experience phantom sensation and pain in the immediate postoperative period. Additionally, pain is often
reported in the absence of a neuroma, and the surgical resection of neuromas has limited success in the alleviation of PLP.
Furthermore, the injection of local anesthetic into the neuroma site does not eliminate phantom pain consistently, and
sometimes produces pain relief that far exceeds the active life of the local anesthetic.> Thus, while neuroma development
may contribute, many other factors are involved in the development of PLP.
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1. Another site that could contribute to ectopic discharge is the dorsal root ganglia. Abnormal discharges at this
location can amplify and potentially distort input from the periphery. Cross-excitation and depolarization of
nearby neurons may also occur.”?

2. The sympathetic system may also contribute to phantom pain through pathological coupling of sensory and
sympathetic nerves. In animal models, increased postsynaptic norepinephrine produced in emotionally stressful
situations was associated with hyperalgesia and increased spinal nociception.’’ The purported mechanisms by
which the sympathetic system contributes to phantom pain include sympathetically triggered ephaptic transmis-
sion as well as direct sympathetic activation of nociceptors.> Sympathetic sprouting into the DRGs has been

described, but its role in phantom pain is unclear at this time.?**®

Clinically, this could help explain why some patients report increased pain during stressful or emotional events that
are likely to be associated with increased sympathetic output. Further supporting the role of the sympathetic system are
the observations that some patients with phantom pain report at least partial relief with the use of adrenergic blocking
agents, while others have reported exacerbation of the pain with the injection of epinephrine.?

While peripheral factors likely play a role in the development of PLP, the lack of uniform and complete response to
techniques such as regional anesthetic blocks suggests that central factors play an important role in both the development
and maintenance of PLP.

Central Factors

1. Altered activity of the peripheral nervous system can lead to changes in the central nervous system through central
sensitization. Nerve injury causes increased firing of dorsal horn neurons, leading to structural changes in primary
sensory neurons and reduction of inhibitory processes in the spinal cord. This may directly lead to alterations in
function of inhibitory GABAeric and glycinergic interneurons. These interneurons functions may also be altered by
the release of brain-derived neurotrophic factor from microglia.?

2. Nerve injury can result in a “rewiring” of the nervous system so that previously low-threshold afferents become
connected with the transmission of nociceptive information. A-beta fibers from lamina III and IV sprout into
lamina II to form functional connections with second-order nociceptors.?”**

3. Sustained C-fiber input recruits N-methyl-D-aspartate (NMDA) receptors on second-order neurons. This upregula-
tion of NMDA receptors and glutamate at the molecular level correlates to increased sensitivity, which may
contribute to the development of allodynia and hyperalgesia.’

4. After major nerve damage, opioid receptors are downregulated on both primary afferent endings and
interneurons.*?

5. Wiesenfeld-Hallin et al also demonstrated a role for cholecystokinin in chronic pain. While normally an endogenous
inhibitor of the opiate receptor, it is upregulated in injured tissue, resulting in the experience of increased pain.*

6. Harris proposed that pain is caused, in part, by a discrepancy between senses. For example, when a patient with an
amputation tries to move the missing arm, the motor commands are met with missing visual and proprioceptive
input.®' This idea will be further explored in more details below.

7. Reorganization of the cerebral cortex, described in more detail below, is another proposed central mechanism.

8. Finally, recent theories of stochastic entanglement propose that in the setting of sensorimotor incongruence
following amputation, there is crossover connection between cortical and subcortical centers charged with
sensorimotor and pain processing. This may explain the development of PLP in patients without findings of
cortical reorganization, and helps underlie the theory behind phantom motor exercises in the treatment of PLP,

which is discussed further below.'*?

One of the most intriguing aspects of the study of phantom pain is that it has encouraged medical specialties to reexamine
traditional teaching about the brain. The brain has been studied and found to be highly organized and specialized. These
connections, once established in fetal and early life, were previously assumed to be static. In the 1980s, however,

3352 https: Journal of Pain Research 2022:15

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Boomgaardt et al

evidence from animal studies began to emerge that demonstrated changes in the somatosensory map in animals following
amputation or denervation, challenging this conventional wisdom.>*-

Building on this work in animal studies, Ramachandran demonstrated that following an upper extremity amputation,
he could elicit phantom sensations in a patient’s missing hand by touching his face. He could do so in a reproducible
fashion, mapping out a topographic representation of the patient’s hand on his ipsilateral face.>* The Penfield homunculus
provided a vital clue as to the explanation. The area representing the hand neighbors the area representing the face. It
appeared that the sensory input from the face “invades” the area formerly occupied by the hand. Thus, touching the face
stimulates not only the face but the phantom hand as well. While these findings have not consistently been replicated, it
has lead to considerable investigation into changes in functional cortical reorganization, as discussed in more detail
below, and has helped inform several therapeutic modalities such as mirror therapy.

Functional imaging, particularly combined magnetoencephalogram (MEG) and 3D surface-rendered MRI, has shown
that cortical reorganization can occur following amputation. As above, such studies demonstrate that the area that
previously received input from the face expands to the area that previously received information from the upper
extremity.***> Work by Flor et al demonstrated that the degree of cortical reorganization correlates with the phantom
limb pain in an essentially linear fashion (r = 0.93). Residual limb pain and phantom sensation were not found to

correlate with cortical reorganization.”

Psychological Factors
1. Psychological factors have long been thought to contribute to both the development of and maintenance of
phantom pain. As noted above, the prior belief that PLP was predominantly a psychological phenomenon likely
contributed to patients’ reluctance to report their symptoms and to seek treatment. Sherman studied the psycho-
logical factors of patients with phantom pain and found them to have normal psychological profiles.'* Arena et al,
however, published data supporting a significant relationship between stress and the onset of phantom pain, as
well as exacerbation of pain episodes.*® The sympathetic nervous system and increased muscle tension could be
the physiologic link to explain these findings. Psychological factors are also important in the ability of patients to
cope and likely play a significant role in overall function. For example, work by Fuchs et al has found that
emotional factors seem to modulate PLP, though this link appears less strong when compared to other causes of
chronic pain.*” The reality of phantom pain as a complication from amputation is widely accepted and is not

thought to be primarily a psychological phenomenon.

Furthermore, there is no reason to believe that cortical reorganization is limited to sensory-discrimination. Other areas
important for emotional and motivational aspects of pain may change in the setting of amputation. For example, Wei et al
found potentiation of sensory responses in the anterior cortex following amputation in rats.>®

Full understanding of the pathophysiology of PLP remains elusive and is likely multifactorial and may vary with
each patient. As with other chronic pain conditions, clarification of the etiology of the problem will likely lead to more

effective and targeted treatment strategies.

Traditional Treatment
When treating PLP, it is best to establish a multimodal treatment team.** Members of this team could include
a neurologist, pain specialist, physical therapist, neurosurgeon, rehabilitation specialist, anesthesiologist, and psycholo-
gist. A multimodal regimen can be established as early as the perioperative period, as early pain is a strong predictive
factor of chronic and severe PLP.>**° In clinical practice, this is challenging as there are few controlled clinical studies on
treatment, many of which have equivocal outcomes. Additionally, many studies do not differentiate between residual
limb pain and phantom limb pain, thus confounding results.

Below, we will summarize the literature with regard to current available treatment options. These treatments have been
divided into different categories including pharmacological, surgical, interventional, physical, and psychological modalities.
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Pharmacological Therapies

Non-opioid medications are the most commonly used medications in all types of pain conditions. Numerous types of
non-opioid medications are frequently used in the treatment of PLS, despite a paucity of data reflecting their efficacy. In
a cross-sectional study of 255 individuals with PLS, the most common pain medications used were acetaminophen,
opioids, nonsteroidal anti-inflammatories (NSAIDs), amitriptyline and nortriptyline, respectively.*' Given that non-
opioid medications are generally considered safer, with less long-term adverse effects, they are considered first-line
options in pharmacologic management of PPS.

Anti-Inflammatories Including NSAIDs and Acetaminophen

NSAIDs can be helpful in the treatment of PLP in that they can act as adjuvants, thereby reducing the need for narcotics.
In addition, they may be used to treat local irritations that can precipitate phantom pain flare-ups. Acetaminophen’s
analgesic mechanisms are not clear but thought to work on the central nervous system pathways including inhibiting
serotonergic descending pathways.*> NSAIDs work on both the central and peripheral nervous system, and their
analgesic effects result from inhibiting COX enzymes that produce prostaglandins.*

Antidepressants

Despite limited data, antidepressants are often used for PLP because of their efficacy in the treatment of other types of
neuropathic pain.*> Tricyclic antidepressants (TCA) and serotonin norepinephrine reuptake inhibitors (SNRI) have both
been studied in PLP, however strong evidence is lacking, and most studies are limited by small sample sizes. A Cochrane
review found two reports on studies using amitriptyline with conflicting results. A small randomized control study by
Wilder-Smith demonstrated reduction of pain in 86% of subjects at 1 month using an average dose of 56 mg nightly.*® By
comparison, a study by Robinson et al demonstrated no benefit when comparing amitriptyline to an active placebo,
benztropine mesylate, when comparing pain scores at 6 weeks.*

Another small case series of 4 patients demonstrated that mirtazapine, an alpha-2 antagonist, was efficacious with
a greater than 50% pain reduction and fewer side effects compared to TCAs. This suggests that mirtazapine is an agent
worth consideration and warrants further investigation in its use of PLP.*’ There are also case reports regarding the
efficacy of duloxetine, a norepinephrine and serotonin reuptake inhibitor (SNRI), in the treatment of PLP.*’ Even though
there may be a role for the use of SSRI and SNRI in the treatment of neuropathic pain, the evidence is very limited for
PLP and further research is needed.*®*

TCAs are known to have side effects such as sedation, orthostatic hypotension, arrhythmia, dry mouth and dizziness
and should be used with caution. In a study done by Jefferies, nortriptyline and desipramine were equally effective and
with fewer side effects compared to amitriptyline.'*

SSRIs are overall well tolerated and in general are better tolerated when compared to TCAs. Common adverse effects
include sexual dysfunction, weight gain, drowsiness and insomnia.

Examples of these medications and their typical dosing can be found in the chart below.

Anticonvulsants

Anticonvulsants are also frequently used in the treatment of neuropathic pain including PLP. Gabapentin has an
inhibitory action on voltage-gated calcium channels via action on the alpha-2 G-subunit, resulting in inhibition of
neurotransmitters and reduction in nerve excitability.

A few studies specifically evaluate gabapentin in the treatment of PLP. There have been several well-constructed,
blinded trials by Bone, Nikolajsen, and Smith examining the utility of gabapentin. All noted studies failed to demonstrate
a statistically significant treatment response to gabapentin.”' > All three trials were, however, limited by small sample
sizes and a Cochrane review combining the results of the studies by Bone and Smith found a statistically significant
improvement in pain scores. Overall research appears to favor the use of gabapentin, but further research is needed. Other
anticonvulsants including pregabalin, topiramate and zonisamide have been used, but there has been very little overall
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evidence to support their use in the treatment of PLP.**%3> The most commonly reported adverse effects include
somnolence, dizziness, headache or nausea.

Opioids

The use of opioids in the treatment of PLP is controversial. Initial studies appeared to suggest efficacy, however these
findings do not appear to be supported by more recent studies. An early case series by Bergmans et al suggested that oral
methadone might be of value in the treatment of PLP. There was a reduction in pain in four patients with refractory PLP
from 50% to 90% while on low-dose methadone, ranging from 10 to 20 mg daily, in divided doses.®” A double-blind
crossover study of 12 patients by Huse et al comparing oral morphine with placebo found that opioids can be effective in
reducing PLP, possibly by reducing cortical reorganization.®® More recent work by Mishra et al suggested that high doses
of morphine may be necessary to achieve effective reduction of PLP.*° In addition, work by Wu et al found that while
morphine may be effective in decreasing PLP, it was associated with significant side effects and did not improve self-
reported function or pain-related interference in ADLs.”

In summary, while opioids may have some utility in the treatment of PLP, the significant side effects associated
with their use, as well as limited demonstrated functional improvement, suggest that the risks may outweigh the
benefit. Therefore, data does not support their routine use in PLP and their use should be limited to carefully selected
cases.

Overall, there is a paucity of well-conducted clinical studies on the pharmacologic management of PLP with most
studies limited by small sample sizes. The NMDA antagonist class in particular appears to have promise in the treatment
of PLP, especially if used early in the treatment course to prevent the development of central sensitization, but further
studies are needed.

Others

Other non-narcotic analgesics that have been used in the treatment of PLP have shown limited success. While limited, the
data on the efficacy of propranolol are mixed, with a small case series by Ahmad demonstrating efficacy® while a small
trial by Scadding et al did not find any significant efficacy.”’ Clonazepam is generally not used for pain but one study
published in 1996 found it beneficial in two patients.”® Additionally, a small study by Su et al demonstrated midazolam
as a potential treatment of severe PLP associated with spinal anesthesia.®®

Botulinum toxin A has also been evaluated as a possible agent for the treatment of PLP. Kollewe et al successfully
injected botulinum toxin type A into areas of strong fasciculations in the residual limbs of 3 patients with PLP. All 3
patients reported alleviation of their pain.>® In 2012, Wu et al conducted a randomized double-blinded pilot study to
compare effects of botulinum toxin A versus lidocaine/methylprednisolone injection in 14 individuals who had intract-
able residual limb and phantom limb pain. They used 50 units of botulinum toxin A in up to 6 painful sites (total units
ranging 250-300 units). The study concluded that although there was some improvement in residual limb pain, there was
no improvement in PLP when followed monthly for 6 months.®® A Cochrane review did not report enough evidence to
recommend Botulinum Toxin A as first-line therapy for PLP.>

Additionally, calcitonin has been studied with conflicting results. A study by Jaeger et al found calcitonin effective in
treating phantom pain, but another study by Eichenberger did not find any efficacy in treating PLP.5*%?

Dextromethorphan has also shown some efficacy in the treatment of phantom pain in a small study, most likely
through inhibition of NMDA receptor hyperexcitability.®'

Intravenous ketamine infusions have shown some potential in treating PLP. Eichenberger reported positive results in
a randomized double-blind crossover trial where they compared ketamine, ketamine + calcitonin and placebo. They
concluded that ketamine may be helpful, while calcitonin did not demonstrate efficacy when compared to placebo in the
treatment of PLP.®> A 2018 review of single and combined pharmacologic management of PLP by Hall and Eldabe found
that only NMDA antagonists, namely ketamine, produced consistent positive results. Most notably, ketamine infusions
reduced pain pressure thresholds and windup, presumably by limiting central sensitization.®* A systematic review
evaluating memantine, another NMDA antagonist, found evidence of efficacy in acute, but not in chronic (greater than
one year post amputation) PLP.%’
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Interventional Therapies
Epidurals

Until recently, there was great hope that preoperative epidural use could prevent the development of PLP. Preemptive
analgesia is thought to reduce the occurrence of postoperative pain by inhibiting the transmission of peripheral
nociceptive afferent input to the central nervous system or spinal cord. Otherwise, prolonged states of central sensitiza-
tion and hyperexcitability can occur, amplifying future nociception from the amputated site.”' Bach et al showed
a persistent decrease in PLP in patients who had undergone a lumbar epidural with 0.25% bupivacaine and/or morphine
started 72 hours prior to their amputation surgery compared to those that did not receive an epidural. These results
persisted at least 12 months postoperatively.’” In addition, a study by Jahangiri et al further supported these results.
Jahangiri studied the effects of epidural infusions containing bupivacaine, clonidine, and diamorphine in 24 patients
undergoing lower limb amputations. The epidurals were started 24-48 hours preoperatively and continued for 3 days
postoperatively. PLP and sensations, but not residual limb pain, were found to be significantly lower in those who
received the epidural infusion compared to the control group. These results also persisted for one year postoperatively.’
Unfortunately, these initial studies by Bach and Jahangiri have not been consistently reproduced. Nikolajsen et al showed
that preoperative epidurals had no effect on PLP at 6 and 12 months postoperatively.”* In addition, Ong et al showed no
long-term decrease in phantom pain following preoperative epidurals or spinals. He did find better analgesia in the
immediate postoperative period (1 week) in those receiving epidurals or spinals compared to those that did not.”” In
a recent review focusing on preventive measures, Ahuja et al agree that robust multicenter randomized controlled trials
are needed to establish the preventative role of epidural analgesia.”® Due to the lack of evidence substantiating the earlier
findings, the use of epidurals in the prevention of PLP has largely been abandoned.

Regional/Peripheral Nerve Blocks
There has been emerging interest in the use of peripheral nerve blocks in the prevention or treatment of PLP. Evidence
supporting the efficacy of perineural infusions has been demonstrated in several recent studies. A study by Madabhushi
et al showed no PLP 12 months after surgery in which the participants had received sciatic nerve infiltration with
clonidine and bupivacaine intraoperatively.”” A case report by Borghi et al further supported these results. A patient
underwent an infusion of 0.5% ropivacaine for 28 days following a BKA. The infusion was temporarily discontinued
every week to assess for PLP. After 7 days of the infusion, PLP had decreased by 30%. After 14 days, PLP had decreased
60%. There was no pain reported after 21 days of the infusion. After 28 days, phantom limb sensations had disappeared
as well. There was no PLP reported after 6, 12, 24, and 36 months of follow-up.”® Another case report by Granville-
Chapman et al also suggest a role for regional anesthesia (direct placement of a brachial plexus perineural catheter—
0.25% bupivacaine 20 mL bolus followed by a 10 mL per hour continuous infusion) in the prevention of PLP following
traumatic upper extremity amputation. The results of this study may be somewhat confounded, however, as the patient
was also treated with IV ketamine intraoperatively as well as numerous medications postoperatively, such as pregabalin,
amitriptyline, oxycodone, diclofenac, acetaminophen, and mirror therapy.”®

Furthermore, a retrospective study by Grant et al examined 64 patients who underwent major lower limb amputations
between 1998 and 2001. Thirty-one patients received the usual standard of care, while 33 patients had an intraneural
anesthetic catheter placed. In the intraneural catheter group, there was a significant decrease in the postoperative
analgesic requirement (median postoperative opioid analgesia of 10mg in the treatment group vs 74mg in the control
group) as well as a significant decrease in postoperative prescriptions for amitriptyline (4 patients in the treatment group,
11 in the control group).*® While the use of perineural infusions shows promise, more research is needed to determine
standardized protocols for clinical use as well replicate clinical efficacy in large rigorously designed clinical trials.

Surgery

Surgical interventions have been attempted in the treatment of PLP, largely without overwhelming success, as summar-
ized in Table 1. Targeted muscle reinnervation has been recently evaluated as a potentially promising surgical treatment
option for PLP and is discussed in more detail (Table 1).
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Table | Summary of Surgical Interventions for PLP

Type of Surgery

Summarized Findings

Stump revision

May help with intractable stump pain with an identifiable lesion. Not thought to be helpful for phantom pain.

Neuroma revision

May be warranted in cases where pain is due to mechanical pressure on neuroma. Not thought to be helpful for

phantom pain.

Dorsal rhizotomy

Has not been found to be beneficial for phantom pain.

Dorsal root entry zone
(DREZ) lesion

Twenty-four patients with PLP following avulsion of the brachial plexus reported a 50% decrease in PLP following
DREZ lesions. Associated with risk of minor but chronic neurological deficits. Unclear benefit for those with PLP

who did not have preceding brachial plexus avulsion.®'

Anterolateral cordotomy

Mixed results for treatment of phantom limb and stump pain. Not a validated treatment option.

Sympathectomy

Moderate results are more likely than long-term success.

Thalamotomy

Short term success rates of only 20% have been reported, with long-term success rates even lower. Not

recommended in the treatment of PLP.

Targeted muscle

reinnervation

One randomized control study of 28 individuals suggests evidence that targeted muscle reinnervation can be

promising in reducing PLP at | year but was unable to show statistical significance.'?’

Targeted Muscle Reinnervation

As noted above, no one surgical approach has thus far been determined to be superior in the management of PLP. One
area of potential promise is targeted muscle reinnervation. Introduced clinically in 2004, TMR was originally designed to
improve functional utility of myoelectric prosthesis.'** During this initial work, it was noted that many patients
additionally had improvement in pain, and thus more recent work has attempted to evaluate its efficacy in the treatment
of post-amputation pain. In traditional surgical techniques, nerves are severed with no distal target available, leaving
them at high risk for neuroma formation. As described above, this could lead to pain, which could subsequently lead to
central sensitization, and may secondarily contribute to the later development of PLP. In TMR, the severed nerves are
coapted to end motor targets of innervated muscles, giving the regenerating fascicles “somewhere to go and something to
do”. A recent prospective RCT by Dumanian et al evaluated 28 patients with chronic RLP and PLP and compared
conventional neuroma excision to TMR. They found at one-year follow-up statistically significant improvements in PLP
and a trend towards significant improvement in RLP in those treated with TMR."?* While potentially promising, work in
this area remains in its infancy. In addition to confirming potential clinical efficacy of TMR, many additional questions
such as the ideal timing of TMR, as well as differences in primary versus secondary TMR remain to be answered and

further study is warranted.'’

Local Injections

A recent study by Casale et al showed relief of PLP by contralateral myofascial injection with local anesthetic. They
showed that contralateral injections of 1 mL of 0.25% bupivacaine in hyperalgesic myofascial areas on the existing limb
attenuated PLP and affected phantom limb sensation.®?

Pulsed Radiofrequency Ablation of Stump Neuromas

In a study by West et al, four patients underwent pulsed radiofrequency ablation (RFA) after failing conservative
treatment for their PLP and stump pain. All four had at least 80% reduction in their pain for over 6 months. All of
the participants reported improved overall function, improved prosthetic tolerance, and a decrease in oral pain
medications.® In addition, Wilkes et al performed pulsed RF to the sciatic nerve in a patient with refractory PLP after

a revision to her lower extremity amputation for progressive peripheral vascular disease with good results.®*
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Intrathecal Pumps

There are limited data regarding the use of intrathecal pump therapy for the treatment of PLP. A recent case series by
Carvajal et al demonstrated its use in a limited study, but further research overall is needed to evaluate its utility as
a possible treatment modality of PLP.%°

Neurostimulation Techniques

Neurostimulation techniques for the treatment of PLP include peripheral nerve stimulation, spinal cord stimulation, deep
brain stimulation and motor cortex stimulation. Corbett et al published a systematic review of various randomized
controlled trials, noncomparative group studies, case reports, and epidemiological research of neurostimulation mod-
alities for chronic PLP.*® While repetitive transcranial magnetic stimulation (rTMS) and transcranial direct current
stimulation (tDCS) appeared to have modest short-term effect, the benefit did not seem to last. Spinal cord stimulation
(SCS) was the most prevalent therapy used, followed by dorsal root ganglion (DRG) stimulation. According to
a questionnaire distributed to 37 clinicians at National Health Services in the UK, deep brain stimulation (DBS) is
more highly regarded to be effective than motor cortex stimulation (MCS) in treating chronic PLP. Still, multiple authors
agree that the literature lacks interventional trials using invasive neurostimulation for both treatment of chronic PLP and

for prevention of PLP in the immediate postoperative period after amputation.”®5¢

Peripheral Nerve Stimulation

Peripheral nerve stimulation involves the direct placement of implanted electrodes to peripheral nerves. A few published
studies examine the effectiveness of this therapy. Cohen et al utilized a percutaneously implanted lead system to deliver femoral
or sciatic nerve stimulation, and 75% of patients reported 50% or greater relief of chronic post-amputation pain associated with
associated reductions in disability. The authors defined post-amputation pain to include both nociceptive residual limb pain and
sensitized phantom limb pain. The implanted open coil leads were removed after up to 60 days of PNS therapy.®’

Spinal Cord Stimulation

Spinal cord stimulation does hold some promise in the treatment of PLP. Broggi et al found a decrease in PLP in patients
with spinal cord stimulators. Twenty-six patients with PLP underwent a spinal cord stimulator trial. Of the 26 patients
who underwent trials, 23 participants went on to receive implantations after verbally indicating decrease in their phantom
pain and improved quality of life after trial.*® Katayama et al performed spinal cord stimulator trials on 19 patients with
PLP as a first-line intervention. Successful outcome was defined as a greater than 80% reduction in their Visual Analog
Scale (VAS) score. Using these criteria, 6 of the 19 patients (32%) had long-term pain relief with SCS. The remaining
patients underwent either motor cortex stimulation or deep brain stimulation as adjuvant treatments.®® More recently,
Viswanathan et al retrospectively studied four patients who had undergone spinal cord stimulation for intractable PLP.
Postoperatively, all patients had reported a greater than 80% reduction in their pain. Three of the four patients reported
that they would choose to undergo SCS implantation again.”® While the use of spinal cord stimulation shows promise in
the treatment of PLP, more research in this area is needed.

Deep Brain Stimulation and Motor Cortex Stimulation

Deep brain stimulation (DBS) involves electrical stimulation of two deep target sites in the brain, the periaqueductal gray
and the lateral thalamus-internal capsule. Phantom pain appears more likely to respond to thalamic stimulation than
periaqueductal gray stimulation. Katayama et al showed some success with the use of deep brain stimulation in the
treatment of PLP. Six out of ten patients who underwent deep brain stimulation had relief of their PLP.*

There is growing evidence to support the use of motor cortex stimulation in the treatment of chronic neuropathic pain,
including PLP. Carroll et al showed two out of 3 patients with PLP exhibited a 50% decrease in their pain following motor
cortex stimulation.”’ Work by Katayama et al evaluated the effects of spinal cord stimulation (SCS), DBS of the thalamic
nucleus ventralis caudalis (VC), and motor cortex stimulation (MCS) in 19 patients with PLP. All of the patients underwent
SCS and, if SCS failed to reduce their pain, they were considered for DBS and/or MCS. Satisfactory long-term pain control
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was achieved in 6/19 (32%) by SCS, 6/10 (60%) by DBS, and 1/5 (20%) by MCS. DBS of the VC produced dramatic effects
on pain, leading to a long-term pain-free interval and infrequent use of stimulation.** Lefaucheur et al performed a study
investigating the effects of motor cortex stimulation for the treatment of peripheral nerve lesions, including PLP, which
support Katayama’s findings.”> While these results are encouraging, it is difficult to predict which patients may respond to
treatment prior to implantation, and thus more studies are warranted.

Dorsal Root Entry Zone Lesion

Literature has shown that lesions in the dorsal root entry zone (DREZ) can relieve pain from brachial plexus avulsions
even when most other interventions including SCS, ablations and motor cortex stimulators have proven unsuccessful.
This had led some researchers to believe a large component of pain from brachial plexus avulsions originated at least
partially in the dorsal horn. DREZ is a surgical procedure where a laminectomy is performed along the spine with
opening of the dura and arachnoid to reach targeted dorsal roots and ultimately the dorsal horn with the goal of creating
a lesion by coagulating. While DREZ has been reported to show satisfactory relief for patients with avulsed dorsal roots,
Saris et al reported only 40% (2 of 5) patients with PLP and intact roots had satisfactory results after DREZ.”® Zheng
et al conducted a study of 14 individuals with amputations and brachial plexus avulsions that developed PLP, and they
were treated with DREZ for relief of PLP. Of the fourteen patients who underwent DREZ, 90% reported satisfactory pain
relief after two weeks of surgery and at the next follow-up (15 £ 6.6 months) and nine of the fourteen (64.3%) reported
significant pain relief. All the patients in the study were found to have at least 2 avulsions at 2 dorsal roots.®! At this time,
there is limited evidence to support DREZ as a treatment option in those with PLP as well as evidence of root avulsions
and evidence to suggest that this may be a poor treatment option in those with intact dorsal roots. Given the small
available body of literature, however, further research is warranted.

Physical and Psychological Modalities

Acupuncture

Acupuncture involves inserting sterilized needles into the skin at specific parts of the body. The therapy is thought to
stimulate the central nervous system to release neurotransmitters, hormones, or endorphins. It may also alter how blood
pressure, blood flow, and body temperature are regulated and the body’s response to pain.”* Much of the work on
treatment of PLP, while demonstrating promise, is limited to case reports and limited case series.”>® A recent RCT
comparing traditional Chinese acupuncture with standard of care demonstrated statistically significant improvement in
pain scores in patients with PLP.°” While this demonstrates promise, it is limited by both a small sample size and
difficulty with blinding participants to their treatment arm, limiting conclusions regarding efficacy. Although large-scale
studies are needed to prove efficacy, acupuncture may be considered as an adjunctive treatment option for PLP.

Transcutaneous Electrical Nerve Stimulation (TENS)

TENS has been a recommended adjunctive treatment for PLP; however, most of the evidence supporting its use is limited
to case studies.”®’ There are several small trials on the utility of TENS, with earlier work by Katz et al using auricular
TENS and a pilot study of 10 patients by Mulvey et al which applied TENS to the affected limb. Both of these studies
demonstrated improvement in pain scores.'°'°" More robust data is lacking, and a 2015 Cochrane review noted that
there was insufficient evidence to judge the efficacy of TENS in the management of PLP.'*?

Biofeedback

Electromyography (EMG) biofeedback and combined EMG thermal biofeedback have also been used in controlling
phantom pain. Belleggia et al performed six sessions of EMG biofeedback and six sessions of temperature biofeedback
on a patient with extreme PLP after an upper extremity amputation. The patient had complete relief of his PLP following
treatment, which was maintained at 3 and 12 months follow-up. They hypothesized that biofeedback may have a lasting
effect on cortical reorganization in the somatosensory cortex thus alleviating PLP.'® A subsequent pilot study by Harden
et al examined the effectiveness of biofeedback in the treatment of nine individuals with PLP who received up to seven
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thermal/autogenic biofeedback sessions over the course of 4 to 6 weeks. Results showed a 20% reduction in VAS scores
in five of the nine patients after sessions 4, and at least a 30% reduction in 6 patients after session 6.'®* While these
studies show preliminary support for the use of biofeedback in the treatment of PLP, further investigation is warranted.

Eye Movement Desensitization and Reprocessing (EMDR)

It is thought that long-lasting pre-amputation pain or pain flashbacks secondary to a traumatic injury are in part
responsible for PLP. De Roos et al investigated whether a psychological treatment directed at processing emotional
and somatosensory memories that are associated with amputation decreases PLP. Ten subjects with PLP were treated
with EMDR. Eight of the ten patients improved and four indicated that they were pain free at 3 months follow-up. Six
participants were available at long-term follow-up. Three of these patients were pain free and two had reduced pain
intensity.'*® This is further supported by a case series by Schneider et al, who evaluated EMDR as a treatment in 5
patients with PLP. These cases demonstrated not only an improvement in PLP but additionally in severity of depression
and PTSD. The authors suggest that the physiological storage of nociceptive pain experience at the time of the trauma
contributes to PLP and that these memories may be reprocessed, thus decreasing pain.'% It is unclear which patients may
benefit most from EMDR treatment. De Roos et al questioned whether it was necessary for patients to have an explicit
amputation-related memory to benefit from EMDR. He hypothesized this notion based on the findings that the 2 non-
responders in his study had regarded their amputation operation and related events as positive because it was life-
saving.'® Additionally, it is unclear whether the duration of pre-amputation pain or time since amputation contributes
significantly to treatment response. Further studies should address these questions in hopes of identifying which patients
with PLP may benefit the most from EMDR.

Electroconvulsive Therapy

There are limited data evaluating the potential use of electroconvulsive therapy (ECT) in the treatment of PLP.
Rasmussen et al performed ECT on two patients with PLP who did not have any comorbid psychiatric diagnosis.
Both patients reported substantial pain relief following the ECT sessions. One of the two had persistent relief of his
phantom pain 3.5 years after the treatment.'®’ Once again, further research is indicated.

Mirror Therapy
The mechanism of PLP is thought to be related to changes in cortical representation of areas adjacent to the amputated
limb. It is thought that this reorganization of the cortical map might be responsible for PLP and that its restitution may
relieve it.” Work by Diers et al (2010) evaluated fMRI data in those with PLP compared to controls. They found that the
presence and magnitude of PLP correlated negatively with activation during the mirror movement condition in the
contralateral primary somatosensory and motor cortex.”'

This therapy is typically performed by placing a mirror in front of the amputated limb where the patient will see
a reflection of their intact limb. This gives the patient a perception of an intact limb. Limitations include having one intact
limb to use as a mirror image. First demonstrated by Ramachandran in 1995, there have since been numerous small
studies supporting mirror therapy as a potentially promising treatment modality.'”®''* A systematic review by Barbin
et al reviewed 20 studies, including 5 RCTs and found that the overall quality of evidence is poor and there is insufficient
evidence to support mirror therapy as a first-line treatment for PLP."'®> There were no significant side effects noted with
mirror therapy in the above noted studies. Thus, while potentially promising, further research is needed to confirm mirror
therapy as an effective treatment of PLP and to standardize treatment protocols.

Phantom Exercises

Phantom exercises, also referred to as phantom motor execution, involve the patient performing the same movement with
both their intact limb and the amputated limb. In the case of a patient with a left arm amputation and phantom pain in his
left hand, the patient would move his right hand, and imagine moving his left (amputated) hand in the same way. The
mechanism by which this may improve PLP has not been clearly elucidated. Work by Maclver et al has demonstrated
reductions in cortical reorganization in those treated with phantom exercises using fMRI data with associated reductions
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in PLP intensity.'*' This suggests that this therapy may exert its therapeutic effects by ameliorating maladaptive cortical
reorganization. Work by Ortiz-Catalan suggests that independent of cortical reorganization, improving sensorimotor
control in the phantom limb, may allow this circuit to be operated outside of the pain circuit, functionally disentangling
these two circuits and thus improving PLP."** Studies by Ulger et al and Anaforoglu et al have demonstrated phantom
limb exercise as a potentially beneficial treatment for improving PLP.''*''® Additionally, recent work by Munger et al
found that phantom limb movement was a protective factor against the development of both PLP and residual limb
pain.''” This therapy remains limited in patients with bilateral amputations. To overcome this limitation, Gaggioli
developed a myoelectric-controlled virtual reality system for the treatment of PLP in patients with bilateral transradial
upper extremity amputations. The system allows the patient to directly control a virtual limb by recognizing stump

muscle patterns recorded with EMG sensors.'*®

Multimodal Sensorimotor Training

Work by Gagne et al demonstrated a positive correlation between the amount of EMG activity acquired in the residual limb
during phantom limb movement and the intensity of PLP.''® This prompted a study by deNunzio et al where 10 upper limb
amputees were enrolled in a 16-day intensive training program whereby, through the use of visual and tactile feedback driven
by muscular activity at the residual limb, the patient was trained to better control phantom limb motor output. Patients
achieved an initial 21.6% average reduction in pain intensity at the end of the training period, which was increased to 32.1% at
6-week follow-up.''® While this represents a potentially promising treatment option for PLP, this study is limited by the lack of
a control group. Further studies are needed to evaluate this as a potential therapeutic modality in the treatment of PLP.

Immersive Virtual Reality

While mirror box therapy has shown promise as a potential safe and effective therapy for PLP, there are certain limitations
that make effective application challenging. The patient is required to focus on the reflection of their intact arm in order to
receive illusory visual feedback of their phantom limb; however, if they briefly lose focus and actually look at their intact
limb, this visual illusion is broken. In addition, the patient must remain in a fixed position with their head oriented towards
the mirror so as to not alter the reflection of their limb. Finally, each individual has their own perceptions of the phantom
limb, which may differ from their unaffected limb, and may help to explain why mirror box therapy is very effective for
some, whilst for other patients it is completely ineffective.'?® Thus, using immersive virtual reality has been studied as
a potential treatment modality that can overcome some of the above noted limitations of traditional mirror therapy.
Additionally, it has been suggested that as VR systems allow more interactive games, this can challenge the patient and
keep them motivated, potentially leading to improved compliance and better therapeutic outcomes.'*

Early work in this field largely consisted of various case reports and case series demonstrating generally positive
treatment response though demonstrating considerable individual variability in treatment response as has been consis-
tently documented in the literature for conventional mirror box therapy.'*’ '** Recently, a 2016 trial by Ortiz-Catalan
et al enrolled 14 patients with intractable PLP with failed conventional therapy. They found that after 12 sessions, pain
125 Work by Rutledge et al evaluated
the use of VR technology as a novel method of augmented mirror therapy. This was a feasibility trial using fourteen

was significantly reduced in 12 of 14 patients with a mean pain reduction of 47%.

veterans and found improvements in PLP symptoms, phantom sensations, as well as high to very high satisfaction with
no adverse events.'?® A 2017 literature review by Dunn et al noted that while a potentially promising treatment option,
given that the data is predominantly limited to case reports and limited case series, there is insufficient data to confirm its

efficacy and further research is warranted.'*’

Treatment Considerations and Algorithm

While research into the underlying pathophysiology of PLP and its treatment is a growing field, to date, large, well-
controlled prospective clinical trials directly comparing different therapeutic modalities have been lacking. Without clear
level Ia consensus data to drive clinical decision-making, we are required to utilize our clinical acumen to best tailor the
treatment regimen to meet the individual needs of patients. Thus, careful consideration of the patient’s comorbidities and
the severity of the patient presentation will help to drive medical management.
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The treatment that offers optimal clinical improvement is an interdisciplinary approach that combines both pharmacologic
and non-pharmacologic interventions. Additionally, optimizing peri-procedural pain control appears to be a crucial step in
preventing sensitization and the cortical changes that appear to be the key pathologic mechanism by which PLP develops.
With regard to pharmacologic treatment of phantom limb pain, conservative therapies with good safety profiles should be
considered as a first line before instituting opioids, infusion therapies and surgical management for recalcitrant cases. One
caveat to the above approach, however, is the importance of addressing the process of central sensitization and cortical
reorganization that underlies the development and persistence of PLP.2%*78

Finally, when possible, it is preferable to treat the PLP as well as associated comorbidities using as few agents as
possible. For example, a patient presenting with both an underlying mood disorder and PLP may benefit specifically from
a serotonin norepinephrine reuptake inhibitor. A patient presenting with sleep disturbance and PLP may benefit from
nightly dosing of a tricyclic antidepressant.

There are many additional treatment modalities that are discussed, such as augmented virtual reality, for which the research
remains in its infancy. Thus, there are inadequate data to date to recommend for or against these modalities in the treatment of
PLP. We would recommend reserving these treatment options as adjunctive therapies in recalcitrant cases.

Below we have created a general guideline (Figure 1) to consider when treating PLP.

Optimize perioperative

pain control

PAIN PERSISTS

Stump evaluation for non-PLP Refer to specialist (e.g.
etiology of pain or trigger (e.g. YE! Chronic Pain, PM&R,
neuroma, skin irritant) P&O, or Orthopedics)

PAIN PERSISTS

- Prosthesis fitting
- Residual limb management

PAIN PJRSISTS

A

Pharmacologic Treatment

Consider comorbidities.
Medications can be initiated one at a time or
started in combination to optimize pain relief.

Non-Pharmacologic Treatment

Y

Antico! ” Antidepi “ Opioids l I Physical Therapy l I Pain Psychology }—D[ Adj Alternative Tt

PAIN PERSISTS

Refer to Pain Management

Consider:
- Ketamine infusion
« Peripheral nerve block or catheter

:

Consider discussing neurostimulation
with spinal cord stimulator or surgery.

Figure | Management algorithm for phantom limb pain.
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Conclusion

Post-amputation pain can be disabling, limiting a patient’s ability to function. It is imperative that a treatment plan be
established in order to decrease pain and improve function. An interdisciplinary approach to the treatment of PLP offers
the best chance for improvement in function and reduction of PLP. This approach includes pharmacological treatment,
physical rehabilitation, and psychological support. Unfortunately, many traditional treatments for PLP have failed to
result in decreased pain and increased functionality. Therefore, theories involving a more central cause of this pain
syndrome are beginning to gain support and are leading to creative therapy. It is important to understand that evidence is
emerging indicating that our brains are more plastic than once thought. Therefore, there is hope that we can focus on this
plasticity of the brain to find new ways to treat certain pain conditions including PLP. It is here where the use of mirror
therapy and virtual reality shows great promise and, therefore, more research in these areas is strongly encouraged. Novel
therapies need to be developed and older ones validated; post-amputation complications continue to devastate affected
patient populations and warrant significant attention.
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