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Post-operative neurological symptoms after surgical ampu-
tation can be varied, and are usually categorized as either PLP, 
Phantom Sensations (PS), or Residual Limb Pain (RLP) - also 
known as stump pain. Surveys of amputees have shown that 
nearly all (95%) of patients reported experiencing one or more 
types of amputation-related pain [4]. PLP is a painful sensation 
in the distribution of the differenced body area; it can be local-
ized to a specific area or it can be a sensation along the missing 
limb. It is known to be linked with reorganization in the corti-
cal somatosensory system [5], and is often considered to be a 
type of neuropathic pain. RLP is distinguished from PLP, as the 
sensations are felt along and derive from the residual body tis-
sue rather than the amputated limb. This type of pain is often 
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Introduction

Improvement in the prevention of post-operative pain is a 
continued global concern, particularly for physicians practic-
ing in the peri-operative setting. The incidence of chronic pain 
varies between different surgical procedures, ranging from 
anywhere between 6%-85% [1]. Limb amputations have some 
of the highest reported incidence of chronic pain, occurring in 
50-80% of patients [2,3]. This review article aims to provide a 
comprehensive review on the etiology and therapy of Phantom 
Limb Pain (PLP), as well as growing new literature aimed at pos-
sible interventions in preventing the development of post surgi-
cal PLP.

Abstract

Phantom limb pain is an often-seen sequel to amputation, 
and one which is increasingly encountered by the periopera-
tive medical team. This article aims to offer a comprehensive 
review of the literature on the proposed mechanisms lead-
ing to phantom limb pain and potential therapies. Further-
more, we will provide a summary of the literature regarding 
investigation of preventative measures prior and during am-
putation in an effort to decrease the incidence of phantom 
limb pain development.
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reported as a electrical, sharp pain, either centered around the 
incision site or occasionally deeper within the remaining limb 
tissue. PLP is more commonly reported as sensations that are 
distal to the amputation site, and sensations are both nocice-
ptive and neuropathic in nature. Similar to PLP, RLP is highly 
prevalent after amputation and can last for several years [6]. 
RLP and PLP often co-exist, with patients reporting both after 
surgery. RLP is often reported as a stronger sensation after am-
putation, while PLP develops over time within the first postop-
erative month or at a later date [7]. PS are non painful stimuli 
that derive from the site of amputation and over time are seen 
in up to 90% of post amputation patients [8]. These sensations 
can be felt as “twisting” of the limb, touch, pressure, vibration, 
as well as spontaneous movements. 

Proposed mechanisms

The pathophysiology underlying PLP is likely multifactorial in 
nature, and currently both peripheral and central mechanisms 
are thought to be involved. Risk factors hypothesized to play a 
role in PLP development include female gender, pre-amputation 
pain, upper extremity amputation, and residual pain in remain-
ing limb [9]. Peripherally, it is likely that the injury to nerves dur-
ing amputation play a large role in the development of chronic 
pain. Following trauma, the nerves undergo a process of deaf-
ferentation, and neuromas grow from the proximal portion of 
the severed nerve. Spontaneous afferent input to the spinal 
cord is increased due to up regulation of voltage-sensitive so-
dium channels, change in expression of transduction molecules, 
and the development of nonfunctional connections between 
axons called ephapses [10].

Central mechanisms are thought to exist at both the level of 
the spinal cord and the brain. In the spinal cord, central sensi-
tization is likely a key player in PLP development, as peripheral 
nerves form connections with the neurons in the spinal cord 
receptive field and sprout into areas involved in transmission of 
pain [10,11]. A further up regulation of receptors at the dorsal 
horn of the spinal cord leads to “wind up phenomenon” [12]. 
Decreased inhibitory exertion on sensory transmission from 
the brainstem reticular areas is likely due to the absence of af-
ferent input to the dorsal horn from severed peripheral nerves 
[13], resulting in autonomous sensory activity from dorsal horn 
neurons. At the level of the brain it is thought that cortical re-
organization is a major cause for PLP. It was hypothesized that 
somatosensory reorganization -where the cortical areas of the 
amputated extremity were taken over by adjacent zones- could 
explain why stimulation of those body parts results in sensa-
tions in the phantom limb [14-16]. The intensity of PS’s has been 
found to be correlated to an area of cortical reorganization and 
size of the de-afferentated site [17]. In a study where forearm 
Ischemic Nerve Block (INB) was combined with low-frequency 
repetitive transcranial magnetic stimulation of the deafferented 
human motor cortex, decreased Intra Cortical Inhibition (ICI) 
was suppressed by NMDA receptor blockers, while the increase 
in motor evoked potentials and ICI where abolished by benzo-
diazepines [18]. INB in healthy volunteers has been shown to 
induce transient forearm deafferentation in healthy volunteers 
[19], suggesting that ischemic tissue damage may play a role in 
the development of PLP, particularly in patients with preexisting 
vascular disease, a large subgroup of the amputee population.

Pharmacological therapies

A vast number of pharmacological options have been pro-
posed in the treatment of PLP. A recent review of thirty eight 

treatment modalities concluded that no recommendations for 
first line management could be made for PLP as the overall evi-
dence of studies was too low [20]. Acetaminophen and NSAIDs 
are commonly reported as initial therapy for PLP, although few 
patients report significant levels of benefit [21].

NMDA antagonists

Hyperactivity of the NMDA receptors is thought to be a pos-
sible etiology in the maintenance of persistent PLP. Therefore, 
various studies have evaluated the role of NMDA receptor an-
tagonists, which may halt the sensitization of dorsal horn neu-
rons, as a potential treatment. An early 1996 study of patients 
with established PLP and stump pain reported an increase in 
pressure-pain threshold and a decrease in wind-up like pain 
with an IV bolus and infusion of ketamine (N=11) [22]. A 2008 
study reported that an infusion of ketamine at 0.4 mg/kg (n=10) 
reduced PLP when compared to placebo at the end and 48 
hours after infusion [23].

Memantine, another NMDA R antagonist, has also been in-
vestigated as a treatment for PLP. An early study in 2000 (n=19) 
compared memantine to placebo in patients with chronic pain 
after amputation or surgery, with a dose increasing from 5 to 20 
mg/day. This study reported no change in pain between the two 
groups [24]. Two studies further evaluated the effects of me-
mantine at a dose of 30 mg/day, both reporting no significant 
clinical benefit of memantine in chronic PLP [25,26]. A recent 
systematic review in 2016 reported conflicting results, with a 
case report, two case series, and one prospective study which 
demonstrated benefit with memantine in the treatment of 
acute PLP. However in chronic PLP which had been present for 
over 1 year there were no studies that demonstrated a signifi-
cant effect for memantine as a therapy [27]. It is possible that 
the dosage or short run-in period of memantine did not allow 
the sufficient levels of medication in these patients required to 
see clinical effect. Further issues raised with the memantine 
studies include the differential affinity of NMDA receptor antag-
onists and mechanisms other than NMDA receptor activation 
that lead to PLP. When comparing efficacy of ketamine vs me-
mantine, it should be noted the administration routes for these 
two NMDA R antagonists differ as ketamine is given intravenous 
while in the memantine studies the medication was given PO.

Antidepressants

Antidepressants have long been utilized as a therapy for 
chronic pain, suppressing pain pathways by a myriad of mecha-
nisms. It appears that the main mechanism of action is the in-
crease in nor epinephrine and serotonin in the synaptic cleft at 
supraspinal and spinal levels, leading to reinforcement of the 
descending inhibitory pathways [28]. Overall, reports of the ef-
ficacy of various antidepressants on PLP have been mixed. A 
Randomized Controlled Trial (RCT) of amitriptyline titrated up 
to 125 mg/d given for 6 weeks found no significant difference in 
average pain intensity when compared to placebo (n=39) [29]. 
The low number of patients in the study, short term follows 
up, and dosage may have contributed to the negative results. 
A case report of a post-amputation PLP patient treated with 
doxepin, another TCA, reported relief of both pain and auton-
omous movements [30]. A case series of PLP patients treated 
with milnacipran, a Serotonin–Norepinephrine Reuptake Inhibi-
tor (SNRI) approved for the treatment of fibromyalgia, reported 
rapid and near-total relief from phantom limb pain [31]. Dulox-
etine -another SNRI-has also been reported to have beneficial 
effects on PLP in a series of case reports [32,33]. 
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Anticonvulsants

Various trials have investigated the use of gabapentin and 
pregabalin for various peripheral neuropathic pain syndromes. 
A RCT in 2006 (n=41) found that gabapentin administration 
in the first postoperative month after amputation did not de-
crease either the intensity or incidence of phantom pain when 
compared to placebo [34]. However, a Cochrane review in 2011 
reported that the combined results from 2 placebo-controlled, 
cross-over trials of six weeks’ duration, noting that gabapentin 
did not improve depression score, function, or sleep quality 
[35]. One of these studies reported a higher pain intensity dif-
ference in patients taking gabapentin at 2.4 g/day at the end 
of six weeks compared with placebo [36] while the second trial 
reported no significant difference in average phantom pain in-
tensity [37]. The combination of these two findings for pain in-
tensity change showed a mean difference favoring gabapentin.

Capsaicin

Capsaicin, an active component of chili peppers, is used 
as an analgesic in various topical ointments and patches. As a 
member of the vanilloid family it binds to the Vanilloid Receptor 
Subtype 1 (TRPV1). A prospective 12-week non-interventional 
study in Germany evaluated the affect of a capsaicin 8% cutane-
ous patch in 21 patients with post amputation pain and found 
that a single treatment significantly reduced the average pain 
intensity over the observational period [38].

Calcitonin

Calcitonin as an analgesic is hypothesized to act through ei-
ther specific binding sites in the CNS or by impacting descending 
serotonergic modification on C afferent sensory transmission 
[39]. A 1992 crossover study in patients who had undergone 
major amputations and developed severe PLP 0-7 days after sur-
gery reported that a single postoperative infusion of calcitonin 
led to a reduction in pain intensity in 8 of 13 patients through 
1 year follow-up [40]. A more recent randomized, double-blind, 
crossover trial in 2008 comparing ketamine, placebo, and cal-
citonin infusions in treating chronic PLP reported no decrease 
in PLP with calcitonin when compared to placebo [23]. The 
reason for these contrasting findings is unclear; however the 
1992 study investigated patients with acute PLP, while in 2008 
patients with a long history of pain were treated.

Opioids

Oral morphine has been shown to affect cortical reorganiza-
tion in PLP patients, which has been associated with pain in-
tensity [41]. A trial comparing sustained-release morphine to 
mexiletinein patients with post amputation pain of 6 months or 
longer reported that morphine led to a decrease in intensity of 
post amputation pain while mexilitine did not. However, mor-
phine was associated with a higher rate of side effects. Further-
more, there was no improvement in reported levels of overall 
functional activity between the two groups [42]. Tramadol, an 
opioid and SNRI has also been reported to lead to improvements 
in phantom pain intensity after 1 month of treatment [43].

Non-pharmacological therapies

Mirror therapy: Mirror therapy is non pharmacological treat-
ment first reported in 1996 when Ramachandran and Rogers-
Ramachandran used a “virtual reality box” with mirrors reflect-
ing the patient’s intact limb [44]. In 2007 the first RCT of mirror 
therapy in patients who had undergone lower limb amputation 
compared patients in three groups- a reflected mirror, a cov-

ered mirror, and trained mental visualization [45]. This study 
reported reduced phantom limb pain after 4 weeks of the mir-
ror therapy group that was not seen in the other two groups. A 
2017 study looking at patients who had upper extremity ampu-
tation similarly found a significant decrease in pain scores with 
mirror therapy when compared to control (covered mirror or 
mental visualization therapy) [46]. A retrospective analysis of 
two independent cohorts with unilateral lower limb amputa-
tion further reported that the degree of PLP at baseline predicts 
when mirror therapy relieves pain; patients with reported low 
PLP experienced a reduction in symptoms more rapidly than 
those with high baseline PLP [47].

Neuromodulation: Patients with chronic, intractable PLP 
can be considered as candidates for more aggressive interven-
tions. Various mechanisms of neuromodulation have been uti-
lized in an attempt to address the central neuroplastic changes. 
Motor Cortex Stimulation (MCS), electrical stimulation of the 
precentral gyrus, is reported to be effective in treating patients 
with various forms of chronic pain [48,49]. A 2001 study evalu-
ated 19 patients with PLP and found a dramatic effect on pain 
in patients treated with MCS [50]. A further case report using 
functional magnetic resonance imaging in a patient with a hand 
amputation to guide electrode placement led to reduction in 
pain and inhibiting effects on both the sensorimotor cortex and 
the contra lateral primary motor and sensory cortices on fMRI 
[51].

Spinal Cord Stimulators (SCS), which involves the placement 
of electrodes in the epidural space with a subsequent appli-
cation of electric current to area of the spinal cord presumed 
to be the source of pain, is another form of neuromodulation 
frequently used in chronic pain [52]. Various case series have 
been performed evaluating the efficacy of SCS. An early follow-
up study in the 1970s looked at dorsal column stimulation in 
84 patients, 64 of which were amputees, and found an over-
all decrease in pain during 5 years of stimulation [53]. A 2010 
case series of four patients who underwent SCS placement for 
intractable PLP showed >80% pain relief in all patients postop-
eratively [54].

A case series and a case report looking Electroconvulsive 
Therapy (ECT) both describe pain relief after intervention 
[55,56]. The case report also hypothesized that the analgesic ef-
fect from ECT may be secondary to alterations in cerebral blood 
flow after noting normalization in blood flow to the anterior cin-
gulated cortex and insula ipsilateral to the patient’s pain after 
ECT which had been increased prior to therapy.

Other therapies

Given the refractory nature of PLP, even in the setting of vari-
ous medical therapies and interventions, pain providers should 
be aware of alternative therapies available to their patients. One 
case series (n=6) by Beaumont et al reported that eight weeks 
of visual-kinesthetic feedback led to a reduction of pain in four 
participants, however this result lasted in only one patient at 
the six month follow-up [57]. A 2002 case review endorsed 
hypnosis as a useful adjunct for treatment [58], which a RCT 
of 20 patients with RLP or PLP further corroborated reporting 
decreased overall pain scores after three sessions [59]. A review 
of controlled trials in acupuncture literature noted positive ef-
fects on PLP symptoms [60], although controversy remains over 
potential bias in the literature and low methodological quality.



Prevention

Although a high number of amputees report PLP symptoms, 
some report to be pain free [61], and the risk factors for de-
veloping symptoms after amputation remain unclear. It appears 
that poorly controlled severe pain prior to surgery increases the 
risk of chronic post surgical pain [62], leading to the idea that 
good pain control prior to amputation may decrease the risk of 
developing PLP. A study of 57 patients who underwent lower 
limb amputation reported that both pre-amputation pain and 
acute PLP intensity were independent predictors for the devel-
opment of chronic PLP [63]. Similarly, this study reported that 
acute RLP was the best overall predictor of chronic RLP. These 
findings have furthered the role for “preemptive analgesia” in 
the hope of preventing chronic PLP.

Epidurals

In 1988 Bach et al studied the role of lumbar epidurals to 
provide 3 pains free days prior to amputation and reported a 
significant decrease in development of PLP when compared to 
control [64]. A review by Halbert et al. of various preemptive 
treatments aimed at reducing incidence of PLP had mixed re-
sults for epidurals with two trials, including the aforementioned 
Bach et al study, showing potential benefit while one trial found 
that although epidural analgesia was effective in treating acute 
perioperative pain there was no difference between treatment 
and control groups in chronic PLP development [65-67]. A re-
cent study by Karanikolas et al. [68] looked at 65 patients with 
severe lower-limb ischemic pain secondary to peripheral vas-
cular disease that under went amputation and randomized the 
patients to five different pain control regimens. They concluded 
that optimum analgesia, be it through preoperative, intraoper-
ative, or postoperative epidural analgesia epidural or systemic 
opioids drastically reduced the incidence of PLP at six months 
post operative when compared to nurse driven intramuscular 
opioid treatment.

Nerve blocks

Given the limited duration of epidural treatment, investiga-
tions have also evaluated the ability of infusions of local anes-
thetics at the peripheral nerve to decrease the incidence of PLP. 
A study of 71 patients who underwent lower extremity amputa-
tion evaluated the effect of a continuous infusion of 0.5% ropi-
vacaine started intra-operatively through a Perineural Catheter 
(PNC) on PLP intensity [69]. The median duration of infusion 
was 30 days (95% CI, 25-30 days), and they noted a significant 
decrease in the reported intensity of severe-to-intolerable pain 
at the end of the 12 month evaluation. However, a systematic 
review of seven studies (n=416) comparing the use of a PNC 
following lower limb amputation with no treatment or placebo 
reported that although a significant reduction in postoperative 
opioid use was noted there was no difference in the develop-
ment of PLP [70]. Using the Grading of Recommendations As-
sessment, Development, and Evaluation (GRADE) system, the 
quality of evidence for all outcomes was low. The PLACEMENT 
study has been proposed to explore the feasibility of a trial to 
assess the impact of a PNC placed at the time of the amputa-
tion, hoping to calculate the sample size for an effectiveness tri-
al [71]. Well-performed randomized studies will provide higher 
quality data to properly assess the utility of this potential pre-
ventative therapy.
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Medications

Given the possible component of central nervous sensitiza-
tion following amputation in the development of PLP, it was 
hypothesized that pre-operative intravenous ketamine infusion 
might reduce the incidence or severity of chronic PLP. In a ran-
domized trial of 45 patients undergoing above or below the knee 
amputation, patients were given a ketamine or placebo bolus 
pre-induction and a continuous infusion for 72 hours postop-
eratively [72]. Although a difference was noted in the develop-
ment of PLP at 6 months, it was not statistically significant (47% 
in the ketamine group vs 71% in the control group, P=0.28). A 
randomized double blind trial (N=53) evaluating intrathecal or 
epidural ketamine and bupivicaine vs saline and bupivicaine for 
lower limb amputation surgery noted post-operative analge-
sia was significantly better for the group receiving ketamine as 
a component of their neuraxial analgesia [73], which may be 
secondary to ketamine’s actions on central sensitization. Both 
groups experienced decreased stump and phantom pain at the 
amputation site at twelve months than in comparable studies, 
however no significant difference between the infusions with 
or without ketamine was noted. The neuraxial technique, with 
or without ketamine, is thought to reduce ongoing sensitization 
thereby leading to a positive effect on persistent pain. Notably, 
neuraxial ketamine was not compared to placebo only in this 
trial, therefore it is difficult to interpret the potential effect of 
ketamine on long term PLP. Larger trials of ketamine as a peri-
operative tool for the prevention of PLP are required. Peri-op-
erative oral ketamine has been shown to be safe in a pilot study 
of three patients undergoing lower extremity amputation [74], 
and future studies may involve a PO ketamine regimen in PLP 
prevention.

Another NMDA R antagonist, memantine, administered with 
continuous brachial plexus anesthesia in early postoperative 
stage after acute traumatic amputation of the upper extremity 
significantly decreased intensity and prevalence of PLP at four 
weeks and six months. When compared to placebo memantine 
resulted in a decrease in requested ropivacaine bolus injections 
[75].

Gabapentin has been evaluated as a treatment for PLP, and a 
recent study looked at the potential for this drug to be used as 
a preventative agent in pediatric patients who were diagnosed 
with osteosarcoma or Ewing’s sarcoma around the knee and 
underwent amputation between 2013 and 2016 [76]. In this 
double blinded RCT patients were given placebo or gabapentin 
for 30 days starting 4 days prior to surgery; it reported an over-
all decrease in both postoperative pain intensity and rate in PLP 
at the 60 day follow up visit.

Transcutaneous electrical nerve stimulation (TENS) stimula-
tion

Alternative therapies for preventing PLP continue to grow. 
A RCT looking at 51 patients with lower extremity amputations 
compared TENS treatment to both sham TENS with chlorprom-
azine and sham TENS alone [77]. No significant differences in 
the development of PLP between the groups were noted during 
the first four weeks or after one year, and although there was a 
decrease in PLP at 4 months in the TENS group. 
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Nerve coaptation

Recent research has also been focused on possible surgical 
techniques to reduce the incidence of PLP. A study of 17 pa-
tients who underwent transfemoral amputation reported that 
preemptive coaptation of the common peroneal nervetotibial 
and collagen nerve wrapping led to significant reduction in PLP 
at 2 and 6 months post operative [78]. Furthermore, reductions 
in Visual Analog Scores (VAS) at both time endpoints and an 
increase in ambulation rates were reported in the treatment 
group.

Conclusion

PLP continues to be a challenging condition to manage; 
prevention and treatment should target multimodal therapies 
which take into consideration both medication and proce-
dure based interventions. While larger trials with longer fol-
low up are still needed to provide high quality data, ultimately 
an evidence-based guide for both anesthesiologists and pain 
physicians will help manage this complex and difficult to treat 
condition. As further investigations evaluate the potential of 
peri-operative management on impacting patients who suffer 
from chronic pain after amputations, it will become increasingly 
critical for anesthesiologists to be well versed in the benefits 
they can provide for these patients, both in the operating room 
and beyond.

References

1.	 Macrae WA. Chronic post-surgical pain: 10 years on, BJA: British 
Journal of Anesthesia. 2008; 101: 77-86.

2.	 Richardson C, Glenn S, Nurmikko T, Horgan M. Incidence of 
phantom phenomena including phantom limb pain 6 months 
after major lower limb amputation in patients with peripheral 
vascular disease. Clin J Pain. 2006; 22: 353-358.

3.	 Kooijman CM, Dijkstra PU, Geertzen JH, Elzinga A, van der Schans 
CP. Phantom pain and phantom sensations in upper limb ampu-
tees: an epidemiological study. Pain. 2000; 87: 33-41.

4.	 Ephraim PL, Wegener ST, MacKenzie EJ, Dillingham TR, Pezzin LE. 
Phantom pain, residual limb pain, and back pain in amputees: 
results of a national survey. Arch Phys Med Rehabil. 2005; 86: 
1910-1919.

5.	 Flor H. Remapping somatosensory cortex after injury. Adv Neu-
rol. 2003; 93: 195–204.

6.	 Ehde DM, Czerniecki JM, Smith DG, Campbell KM, Edwards WT, 
Jensen MP, et al. Chronic phantom sensations, phantom pain, 
residual limb pain, and other regional pain after lower limb am-
putation. Arch Phys Med Rehabil. 2000; 81: 1039-1044.

7.	 Schley MT, Wilms P, Toepfner S, Schaller HP, Schmelz M, Konrad 
CJ, et al. Painful and nonpainful phantom and stump sensations 
in acute traumatic amputees. J Trauma. 2008; 65: 858–864.

8.	 Jensen TS, Krebs B, Nielsen J, Rasmussen P. Phantom limb, phan-
tom pain and stump pain in amputees during the first 6 months 
following limb amputation. Pain. 1983; 17: 243–256.

9.	 Helena Knotkova, Ricardo A. Cruciani Volker M Tronnier and 
Dirk Rasche. Current and future options for the management of 
phantom-limb pain. J Pain Res. 2012; 5: 39–49.

10.	 Flor H, Nikolajsen L, Jensen TS. Phantom limb pain: a case of 
maladaptive CNS plasticity? Nature Reviews Neuroscience. 
2006; 7: 873–881.

11.	 Dickinson BD, Head CA, Gitlow S, Osbahr AJ. Maldynia: 
pathophysiology and management of neuropathic and mal-

adaptive pain—a report of the AMA council on science and pub-
lic health. Pain Medicine. 2010; 11: 1635–1653.

12.	 Baron R. Mechanisms of disease: neuropathic pain—a clinical 
perspective. Nature Clinical Practice Neurology. 2006; 2: 95–
106.

13.	 Iacono RP, Linford J, Sandyk R. Pain management after lower ex-
tremity amputation. Neurosurgery. 1987; 20: 496–500.

14.	 Ramachandran VS, Rogers-Ramachandran D, Stewart M. Per-
ceptual correlates of massive cortical reorganization. Science. 
1992; 258: 1159–1160.

15.	 Ramachandran VS, Brang D, McGeoch PD. Dynamic reorganiza-
tion of referred sensations by movements of phantom limbs. 
NeuroReport. 2010; 21: 727–730.

16.	 Vartiainen N, Kirveskari E, Kallio-Laine K, Kalso E, Forss N. Corti-
cal reorganization in primary somatosensory cortex in patients 
with unilateral chronic pain. J Pain. 2009; 10: 854-859.

17.	 Lotze M, Flor H, Grodd W, Larbig W, Birbaumer N. Phantom 
movements and pain. An fMRI study in upper limb amputees. 
Brain. 2001; 124: 2268–2277.

18.	 Ziemann U, Hallett M, Cohen LG. Mechanisms of deafferenta-
tion-induced plasticity in human motor cortex. J Neurosci. 1998; 
18: 7000-7007.

19.	 Ziemann U, Corwell B, Cohen LG. Modulation of plasticity in hu-
man motor cortex after forearm ischemic nerve block. J Neuro-
sci. 1998; 18: 1115-1123.

20.	 Richardson C, Kulkarni J. A review of the management of phan-
tom limb pain: challenges and solutions. J Pain Res. 2017; 10: 
1861-1870. 

21.	 Hanley MA, Ehde DM, Campbell KM, Osborn B, Smith DG. Self-
reported treatments used for lower-limb phantom pain: descrip-
tive findings. Archives of Physical Medicine and Rehabilitation. 
2006; 87: 270–277.

22.	 Nikolajsen L, Hansen CL, Nielsen J, Keller J, Arendt-Nielsen L, 
Jensen TS. The effect of ketamine on phantom pain: a central 
neuropathic disorder maintained by peripheral input. Pain. 
1996; 67: 69-77.

23.	 Eichenberger U, Neff F, Sveticic G, Björgo S, Petersen-Felix S, Ar-
endt-Nielsen L, et al. Chronic phantom limb pain: the effects of 
calcitonin, ketamine, and their combination on pain and sensory 
thresholds. Anesth Analg. 2008; 106: 1265–1273.

24.	 Nikolajsen L, Gottrup H, Kristensen AG, Jensen TS. Memantine 
(a N-methyl-D-aspartate receptor antagonist) in the treatment 
of neuropathic pain after amputation or surgery: a randomized, 
double-blinded, cross-over study. Anesth Analg. 2000; 91: 960–
966.

25.	 Maier C, Dertwinkel R, Mansourian N, Hosbach I, Schwenkreis 
P, Senne I, et al. Efficacy of the NMDA-receptor antagonist me-
mantine in patients with chronic phantom limb pain–results of 
a randomized double-blinded, placebo-controlled trial. Pain. 
2003; 103: 277–283.

26.	 Wiech K, Kiefer RT, Topfner S, Preissl H, Braun C, Unertl K, et al. A 
placebo-controlled randomized crossover trial of the N-methyl-
D-aspartic acid receptor antagonist, memantine, in patients with 
chronic phantom limb pain. Anesth Analg. 2004; 98: 408–413.

27.	 Loy BM, Britt RB, Brown JN. Memantine for the Treatment of 
Phantom Limb Pain: A Systematic Review. J Pain Palliat Care 
Pharmacother. 2016; 30: 276-283.

28.	 Dharmshaktu P, Tayal V, Kalra BS. Efficacy of antidepressants as 
analgesics: a review. J Clin Pharmacol. 2012; 52: 6-17. 



29.	 Robinson LR, Czerniecki JM, Ehde DM, Edwards WT, Judish DA, 
Goldberg ML, et al. Trial of amitriptyline for relief of pain in am-
putees: results of a randomized controlled study. Arch Phys Med 
Rehabil. 2004; 85: 1–6.

30.	 Iacono RP, Sandyk R, Bamford CR, Awerbuch G, Malone JM. Post-
amputation phantom pain and autonomous stump movements 
responsive to doxepin. Funct Neurol. 1987; 2: 343-348.

31.	 Yasuhide Nagoshi, Akira Watanabe, Saiko Inoue, Tomoki Kuroda, 
Mitsuo Nakamura, Yoshitake Matsumoto, et al. Usefulness of 
milnacipran in treating phantom limb pain. Neuropsychiatr Dis 
Treat. 2012; 8: 549–553.

32.	 Mihriban Dalkiran, Abdullah Genc, Besir Dikmen, Ilknur Yildirim, 
Senol Turan. Phantom limb pain treated with duloxetine: a case 
series. Klinik Psikofarmakoloji Bülteni-Bulletin of Clinical Psy-
chopharmacology. 2016; 26.

33.	 Spiegel DR, Lappinen E, Gottlieb M. A presumed case of phan-
tom limb pain treated successfully with duloxetine and pregaba-
lin. Gen Hosp Psychiatry. 2010; 32: 228.

34.	 Nikolajsen L, Finnerup NB, Kramp S, Vimtrup AS, Keller J, Jensen 
TS. A randomized study of the effects of gabapentin on postam-
putation pain. Anesthesiology. 2006; 105: 1008–1015.

35.	 Alviar MJ, Hale T, Dungca M. Pharmacologic interventions for 
treating phantom limb pain. Cochrane Database Syst Rev. 2011; 
12: CD006380.

36.	 Bone M, Critchley P, Buggy DJ. Gabapentin in post amputation 
phantom limb pain: a randomized, double-blind, placebo-con-
trolled, cross-over study. Reg Anesth Pain Med. 2002; 27: 481-
486.

37.	 Smith D, Ehde D, Hanley M, Campbell K, Jensen M, Hoffman A, 
et al. Efficacy of gabapentin in treating chronic phantom limb 
and residual limb pain. Journal of Rehabilitation Research & De-
velopment. 2005; 42: 645-654. 

38.	 Kern KU, Baust H, Hofmann W, Holzmüller R, Maihöfner C, 
Heskamp ML. Capsaicin 8% cutaneous patches for phantom 
limb pain. Results from everyday practice (non-interventional 
study. Schmerz. 2014; 28: 374-383. 

39.	 Lyritis GP, Trovas G. Analgesic effects of calcitonin. Bone. 2002; 
30: 71S-74S.

40.	 Jaeger H, Maier C. Calcitonin in phantom limb pain: a double 
blind study. Pain. 1992; 48: 21–27.

41.	 Huse E, Larbig W, Flor H, Birbaumer N. The effect of opioids on 
phantom limb pain and cortical reorganization. Pain. 2001; 90: 
47–55. 

42.	 Wu CL, Agarwal S, Tella PK, Klick B, Clark MR, Haythornthwaite 
JA, et al. Morphine versus mexiletine for treatment of post am-
putation pain: a randomized, placebo controlled, crossover trial. 
Anesthesiology. 2008; 109: 289–296. 

43.	 Wilder-Smith CH, Hill LT, Laurent S. Postamputation pain and 
sensory changes in treatment-naive patients: characteristics 
and responses to treatment with tramadol, amitriptyline, and 
placebo. Anesthesiology. 2005; 103: 619–628. 

44.	 Ramachandran VS, Rogers-Ramachandran D. Synaesthesia in 
phantom limbs induced with mirrors. Proc Biol Sci. 1996; 263: 
377–386. 

45.	 Chan B, Witt R, Charrow A, Magee A, Howard R, Pasquina PF, et 
al. Mirror therapy for phantom limb pain. N Engl J Med. 2007; 
357: 2206–2207. 

46.	 Finn SB, Perry BN, Clasing JE, Walters LS, Jarzombek SL, Curran 
S, et al. A Randomized, Controlled Trial of Mirror Therapy for 

MedDocs Publishers

6Annals of Anesthesia and Pain Medicine

Upper Extremity Phantom Limb Pain in Male Amputees. Front 
Neurol. 2017; 8: 267. 

47.	 Griffin SC, Curran S, Chan AWY, Finn SB, Baker CI, Pasquina PF, et 
al. Trajectory of phantom limb pain relief using mirror therapy: 
Retrospective analysis of two studies. Scand J Pain. 2017; 15: 
98-103. 

48.	 Lima MC, Fregni F. Motor cortex stimulation for chronic pain. 
Systematic review and meta-analysis of the literature. Neurol-
ogy. 2008; 70: 2329–2337. 

49.	 Fontaine D, Hamani C, Lozano A. Efficacy and safety of motor 
cortex stimulation for chronic neuropathic pain: critical review 
of the literature. J Neurosurg. 2009; 110: 251–256.

50.	 Katayama Y, Yamamoto T, Kobayashi K, Kasai M, Oshima H, Fu-
kaya C. Motor cortex stimulation for phantom limb pain: Com-
prehensive therapy with spinal cord and thalamic stimulation. 
Stereotact Funct Neurosurg. 2001; 77: 159–162. 

51.	 Roux FE, Ibarrola D, Lazorthes Y, Berry I. Chronic motor cortex 
stimulation for phantom limb pain: a functional magnetic reso-
nance imaging study: technical case report. Neurosurgery. 2001; 
48: 681–687. 

52.	 Oakley J, Prager J. Spinal cord stimulation: mechanisms of ac-
tion. Spine (Phila Pa 1976). 2002; 27: 2574–2583.

53.	 Krainick JU, Thoden U, Riechert T. Pain reduction in amputees 
by long-term spinal cord stimulation. Long-term follow-up study 
over 5 years. J Neurosurg. 1980; 52: 346–350.

54.	 Viswanathan A, Phan PC, Burton AW. Use of spinal cord stimu-
lation in the treatment of phantom limb pain: case series and 
review of the literature. Pain Pract. 2010; 10: 479-484.

55.	 Rasmussen KG, Rummans TA. Electroconvulsive therapy for 
phantom limb pain. Pain. 2000; 85: 297–299.

56.	 Fukui S, Shigemori S, Komoda Y, Yamada N, Nosaka S. Phantom 
pain with beneficial response to electroconvulsive therapy (ECT) 
and regional cerebral blood flow (rCBF) studied with xenon-CT. 
Pain clinic. 2002; 13: 355–359.

57.	 Beaumont G, Mercier C, Michon PE, Malouin F, Jackson PL. De-
creasing phantom limb pain through observation of action and 
imagery: a case series. Pain Med. 2011; 12: 289–299.

58.	 Oakley DA, Whitman LG, Halligan PW. Hypnotic imagery as a 
treatment for phantom limb pain: two case reports and a re-
view. Clin Rehabil. 2002; 16: 368-377.

59.	 Rickard JA. Effects of Hypnosis in the Treatment of Residual 
Stump and Phantom Limb Pain [dissertation] Pullman, WA: 
Washington State University. 2004.

60.	 Hu X, Trevelyan E, Yang G, Lee MS, Lorenc A, Liu J, et al. The ef-
fectiveness of acupuncture/TENS for phantom limb syndrome. I 
A systematic review of controlled clinical trials. Eur J Integr Med. 
2014; 6: 355–364.

61.	 Kern U, Busch V, Rockland M, Kohl M, Birklein F. Prevalence and 
risk factors of phantom limb pain and phantom limb sensations 
in Germany: A nationwide field survey. Schmerz. 2009; 23: 479–
488.

62.	 Kehlet H, Jensen TS, Woolf CJ. Persistent postsurgical pain: Risk 
factors and prevention. Lancet. 2006; 367: 1618–1625.

63.	 Hanley MA, Jensen MP, Smith DG, Ehde DM, Edwards WT, Robin-
son LR. Preamputation pain and acute pain predict chronic pain 
after lower extremity amputation. J Pain. 2007; 8: 102-109. 

64.	 Bach S, Noreng MF, Tjéllden NU. Phantom limb pain in amputees 
during the first 12 months following limb amputation, after pre-



MedDocs Publishers

7Annals of Anesthesia and Pain Medicine

operative lumbar epidural blockade. Pain. 1988; 33: 297–301.

65.	 Bach S, Noreng MF, Tjellden NU. Phantom limb pain in amputees 
during the first 12 months following limb amputation, after pre-
operative lumbar epidural blockade. Pain. 1988; 33: 297–301.

66.	 Jahangiri M, Jayatunga AP, Bradley JW, Dark CH. Prevention of 
phantom pain after major lower limb amputation by epidural 
infusion of diamorphine, clonidine and bupivacaine. Ann R Coll 
Surg Engl. 1994; 76: 324–326.

67.	 Nikolajsen L, Ilkjaer S, Christensen JH, Kroner K, Jensen TS. Ran-
domised trial of epidural bupivacaine and morphine in preven-
tion of stump and phantom pain in lower-limb amputation. Lan-
cet. 1997; 350: 1353-1357.

68.	 Karanikolas M, Aretha D, Tsolakis I, Monantera G, Kiekkas P, 
Papadoulas S, et al. Optimized perioperative analgesia reduces 
chronic phantom limb pain intensity, prevalence, and frequency: 
A prospective, randomized, clinical trial. Anesthesiology. 2011; 
114: 1144–1154.

69.	 Borghi B, D’Addabbo M, White PF, Gallerani P, Toccaceli L, Raf-
faeli W, et al. The use of prolonged peripheral neural blockade 
after lower extremity amputation: the effect on symptoms asso-
ciated with phantom limb syndrome. Anesth Analg. 2010; 111: 
1308–1315.

70.	 Bosanquet DC, Glasbey JC, Stimpson A, Williams IM, Twine CP. 
Systematic review and meta-analysis of the efficacy of perineu-
ral local anaesthetic catheters after major lower limb amputa-
tion. Eur J Vasc Endovasc Surg. 2015; 50: 241-249. 

71.	 Bosanquet DC, Ambler GK, Waldron CA, Thomas-Jones E, 
Brookes-Howell L, Kelson M, et al. Perineural local anaesthetic 
catheter after major lower limb amputation trial (PLACEMENT): 
study protocol for a randomised controlled pilot study. Trials. 
2017; 18: 629.

72.	 Hayes C, Armstrong-Brown A, Burstal R. Perioperative intrave-
nous ketamine infusion for the prevention of persistent post-

amputation pain: a randomized, controlled trial. Anaesth Inten-
sive Care. 2004; 32: 330-338.

73.	 Wilson JA, Nimmo AF, Fleetwood-Walker SM, Colvin LA. A ran-
domized double blind trial of the effect of pre-emptive epidural 
ketamine on persistent pain after lower limb amputation. Pain. 
2008; 135: 108-118. 

74.	 Buvanendran A, Kroin JS, Rajagopal A, Robison SJ, Moric M, Tu-
man KJ. Oral Ketamine for Acute Pain Management After Ampu-
tation Surgery. Pain Med. 2017.

75.	 Schley M, Topfner S, Wiech K, Schaller HE, Konrad CJ, Schmelz 
M, et al. Continuous brachial plexus blockade in combination 
with the NMDA receptor antagonist memantine prevents phan-
tom pain in acute traumatic upper limb amputees. Eur J Pain. 
2007; 11: 299-308. 

76.	 Wang X, Yi Y, Tang D, Chen Y, Jiang Y, Peng J, et al. Gabapentin as 
an adjuvant therapy for prevention of acute phantom-limb pain 
in pediatric patients undergoing amputation for malignant bone 
tumors: a prospective double-blind randomized controlled trial. 
J Pain Symptom Manage. 2017.

77.	 Finsen V, Persen L, Løvlien M, Veslegaard EK, Simensen M, Gas-
vann AK, et al. Transcutaneous electrical nerve stimulation after 
major amputation. J Bone Joint Surg Br. 1988; 70: 109–112.

78.	 Economides JM, DeFazio MV, Attinger CE, Barbour JR. Preven-
tion of Painful Neuroma and Phantom Limb Pain After Transfem-
oral Amputations Through Concomitant Nerve Coaptation and 
Collagen Nerve Wrapping. Neurosurgery. 2016; 79: 508–513.


