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Mechanisms and Treatment Approaches of Phantom Limb Pain

Dong Kuck Lee, MD
Department of Neurology, Catholic University of Daegu School of Medicine, Daegu, Korea

ABSTRACT Phantom limb pain(PLP) is a condition in which patients experience sensations, whether painful or otherwise,
in a limb that dose not exist. PLP is a common sequela of amputation, occurring in up to 80% of people who
undergo the procedure. It must be differentiated from non-painful phantom phenomena, residual-limb pain,
and non-painful residual-limb phenomena. It typically has a chronic course, often resistant to treatment. Risk
factors include the presence of preoperative pain, traumatic amputation, and the type of anesthetic procedure
used during amputation. Several pathophysiologic theories have been proposed, including central sensitization,
spinal mechanisms, and somatosensory cortical rearrangements, and while recent studies have shed light on
some interesting and significant data, a lot remains to be understood. Treatments include pharmacotherapy,
surgical/invasive procedures, and adjuvant therapy, but substantial efficacy in well-designed, randomized

controlled trials has yet to be both understand and treat.
(J Pain Auton Disord 2014;3:14-21)
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Figure 1. A patient with severe phantom
pain after interthoracoscapular amputation
for cancer. The phantom arm is located in
front of the chest. Occasionally, the fingers
are perceived as having voluntary and involun-
tary movements.

Figure 2. Telescoping: a gradual shrinkage
fo the phantom limb. In lower limb amputation,
the phantom foot may eventually become
located within the stump.
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Table 1. Proposed theorical mechanisms to explain phantom
limb pain

Peripheral mechanism
Stump and neuroma hyperactivity
Central neural mechanism
Spinal cord sensitization and changes
Cortical reorganization and cortical-motor sensory dissociation
Body schema, neuromatrix and neurosignature hypothesis

Psychogenic mechanism

Table 2. An overview of the proposed mechanisms involved
in phantom pain

Supraspinal mechanism

Reorganization and hyperexcitability changes of the somatosensory
cortex and other regions including the thalamus

Catastrophizing and other psychological factors
Spinal mechanism

NMDA receptor activation

Expansion of receptive fields

Loss of inhibitory interneurons

Activation of glial cells
Peripheral mechanism

Neuroma formation

Changed ion channel expression

Alternation of receptor proteins

Ectopic discharge from severed nerve endings

Sympathetic activation

Preamputation mechanism
Pain before amputation

Genetics

Psychosocial factors
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Peripheral afferents
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cortical structures
Sympathetic activation

v

Figure 3. Proposed model of the development of phantom limb pain.
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Descending system

Dorsal Root

Figure 4. A schematic figure of the areas involved in the develop-

ment of phantom pain.
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Central changes

* Unmasking

* Sprouting

*|General disinhibition

* Map remodelling

® Loss of neurons and neuronal function

¢ Denervation

e Alterations in neuronal and glial activity

* Sensory-motor and sensory-sensory incongruence

Peripheral changes

* Structural changes in neurons and axons

* Ectopic impulses

¢ Ephaptic transmission

* Sympathetic-afferent coupling

* Down- and upregulation of transmitters

¢ Alterations in channels and transduction molecules
¢ Selective loss of unmyelinated fibres

Figure 5. A schematic diagram of the areas involved in the generation of phantom limb pain and the main peripheral and
central mechanisms. The peripheral areas include the residual limb and the dorsal root ganglion, and the central areas
include the spinal cord and supraspinal centers such as the brainstem, thalamus, cortex and limbic system. The proposed
mechanisms associated with phantom pain are listed for the PNS and CNS.

Table 3. Treatments for phantom limb pain

Pharmacotherapy Surgical-invasive procedure Adjuvant therapy

Opioids Stump revision Transcutaneous nerve stimulation
Morphine Nerve block Mirror therapy

Tramadol Neurectomy Biofeedback

Tricyclic antidepressants Rhizotomy Temperature biofeedback
Amitriptyline Cordotomy Electro myographic biofeedback
Nortriptyline Lobectomy Massage
Imipramine Sympathectomy Ultrasound
Desipramine CNS stimulation Physiotherapy

Anticonvulsants Spinal cord stimulation Sensory discrimination training
Carbamazepine Deep brain/thalamus stimulation Prosthesis training
Oxcarbazepine Cortical stimulation Cognitive behavioral pain management
Gabapentin Electroconvulsive therapy
Pregabalin

Sodium channel blockers
Lidocaine
Bupivacaine
Mexiletine

NMDA receptor antagonist
Memantine

Ketamine
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Table 4. Medications for phantom pain management

Drugs Predominant mechanism Recommendation grades
Amitriptyline TCA, balanced monoamine reuptake inhibition C
Chlorimipramine Same as amitriptyline C
Nortriptyline Predominantly noradrenalin reuptake inhibition C
Duloxetine Selective serotonin-noradrenaline reuptake inhibition AE
Venlafaxine Same as duloxetine AE
Glpanin Bttt 2.2 kool dependn ks
Pregabalin Same as gabapentin AE
Carbamazepine Voltage-gated sodium-channel block AE
Topiramate Vo'ltage—gated sodium—channel block and inhibition of glutamate release by an AE
action on AMPA/kainate receptors
Lamotrigine gizz;rgzggi Zr(;lrtlzifi—t%z‘;ed sodium-channel inhibition and thus reduced release of AE
Oxcarbazepine Voltage-gated sodium- and calcium-channel block AE
Lidocaine Block of peripheral sodium channels and thus of ectopic discharges C
Mexiletine Same as lidocaine C
Bupivacaine Same as lidocaine C
Ropivacaine Same as lidocaine C
Ketamine NMDA-receptor antagonist C
Memantine Same as ketamine C
Dextromethorphan Same as ketamine C
Tramadol # p-Opioid-receptor agonist and monoamine reuptake inhibitor A
Morphine # p-Opioid-receptor agoni A
Capsaicin (topical) Depolarizes th.e nervous membrane via vanilloid receptor type 1, initially stimulates C
then blocks skin nerve fibres
Calcitonin Unclear C
NSAIDs N onselectiw? inhibition of cyclooxygenase enzymes to convert arachidonic acid to NA
prostaglandins
Propranolol Beta-adrenergic blockers C
Clonidine Alpha-2-adrenergic receptor agonists C
Tizanidine Muscle relaxants and alpha-2-adrenergic receptor agonists C
Botulinum toxin type A Reducing release of acetylcholine, glutamate and other neuropeptide AE

neurotransmitters

TCA, tricyclic antidepressants; NMDA, N-methyl-D-aspartate; AMPA, a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid;
NSAIDs, non-steroidal anti-inflammatory drugs; AE, anecdotal evidence from case reports; NA, no studies available
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