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As stated, this is a universal problem. This fact or educational deficiency has been recognised by many
authorities and organisations and it has been noted that the basic problem is that of education.
It is not surprising that our parent body, the IASP, has acted and declared 2018 as the “Global year for
excellence in pain education.” While this differs from the usual clinical situation, the need for education
in pain management is acknowledged and we are seeing global initiatives in this regard. As usual, I shall
feature the “fact sheets” as part of this Journal. This will enable the members of PAINSA to see where we
as an organisation can act to not only educate our members but also to institute educational initiatives at our
respective departments and institutions to improve pain management in South Africa.
It is appropriate that this issue of the Journal also corresponds with the annual Congress which serves as the
showpiece of PAINSA education. I trust that many of our readers will be attending the Congress and wish the
Council of PAINSA and the Congress organisers much success with this initiative.

Dr. Milton Raff
BSc MB ChB FFA(SA)
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Postoperative opioids, endocrine changes,
and immunosuppression
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Simon Haroutounian

1. Introduction

Key Points

“The pathetically grim and perspiring patient, fearful of
moving or breathing, has become a constant fixture on
postsurgical wards. His suffering was anticipated by his
physician and is accepted in the knowledge that it will
disappear in time.”22
Acute postoperative pain is considered an unavoidable consequence of a surgery, and is somewhat anticipated, given the
(typically) massive tissue injury, inflammation, and stress response
as a result of a surgical procedure. However, it is well documented
that the “perspiring patient, who is fearful of moving or breathing,”
ie, the patient who suffers from severe postoperative pain, is more
prone to adverse outcomes. Patients, in whom severe pain impairs
breathing, coughing, physical therapy, and early mobilization, are
more likely to develop complications such as respiratory infections
and thromboembolic events. The pain is also a significant stressor
both from the psychological and physiological points of view.
The responses of the central nervous system and the
hypothalamus-pituitary-adrenal (HPA) axis to a perceived stress
involve a complex network of signaling molecules, including
endorphins, catecholamines, and cortisol. The stress response to
surgery is characterized by activation of HPA axis, as reflected by
increased secretion of hypothalamic corticotropin-releasing
hormone (CRH), and subsequently increased levels of adrenocorticotropic hormone (ACTH) and cortisol. In addition, surgical
stress enhances the secretion of other catabolically active
hormones, mainly catecholamines and glucagon, but also
prolactin, growth hormone, and b-endorphin.42
The enhanced postsurgical stress response, which leads to
high cortisol levels, can result in immunosuppression,33 supporting the notion that the relief of pain should be beneficial in
preventing, eg, postoperative infections.33 In the setting of cancer
surgery, the immune function may have even further implications,

Sponsorships or competing interests that may be relevant to content are disclosed
at the end of this article.
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1. Surgery is associated with a massive inflammatory and
stress response. Untreated postoperative pain results in
immunosuppression, increases the risk of thromboembolic events, and delays recovery.
2. Chronic opioid therapy results in major endocrine changes
such as opioid-induced androgen deficiency and bone
demineralization. The clinical relevance of these phenomena with short-term opioid use for postoperative pain is
unclear.
3. In the surgical setting, high-dose opioids may contribute to
inhibition of immune responses and curbing of stress
response (eg, cortisol rise), but the clinical consequences
of these observations are still unclear.
4. Multimodal postoperative approaches, especially those
combining regional anesthesia with local anesthetics, help
improve pain scores and reduce postoperative opioid
requirements; however, contradictory data exist on their
effect in reducing immune-mediated complications such
as infections or tumor dissemination.
as animal studies have shown that surgery-induced stress is
associated with impaired natural killer (NK) lymphocyte activity,
impairing the body’s ability to clear tumor cells.33
Although the description of a grim, perspiring, and suffering
patient as a constant fixture may not have been surprising in the
1950s, one would expect that the development of novel drugs
and multimodal analgesia approaches in the past few decades
would dramatically improve the quality of postoperative pain
management, and reduce the undesired hormonal and inflammatory consequences associated with the surgical stress.
However, current data from inpatient and outpatient surgical
settings indicate that between 30% and 50% of postoperative
patients consistently experience moderate to severe pain.19,35,36

2. The role of opioids in the management of acute
postoperative pain
Opioids are the most commonly used drugs for the management
of acute postoperative pain. Depending on the setting and type of
surgery, opioids are delivered systemically either through
scheduled or pro re nata (as needed) dosing, or through
a patient-controlled analgesia device. Alternatively, the postoperative opioid regimen may include neuraxial delivery through
an epidural catheter, as a part of patient-controlled epidural
www.painreportsonline.com
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analgesia (PCEA) technique. Mostly, opioids that are used for
acute postoperative pain relief, include the short-acting morphine, hydromorphone, oxycodone (in countries where parenteral formulation is available), and occasionally fentanyl or
tramadol (which is a weak opioid agonist and a serotonin–
norepinephrine reuptake inhibitor).
Opioids are very effective in treating acute postoperative pain;
however, not without important side effects. Among their most
commonly observed and reported adverse effects in this setting
are nausea, vomiting, sedation, pruritus, and constipation. The
more severe undesired outcome is respiratory depression, which
is potentially life-threatening, and is the most feared side effect of
opioid medications. The brainstem control of respiratory rate and
tidal volume is driven by afferent input of partial pressure of arterial
O2 (through chemosensors in carotid and aortic bodies) and CO2
(through chemosensors in the brainstem). Opioids, through
m-opioid receptor-mediated depression of excitability of brainstem chemosensory neurons, depress the ventilatory response
to increased CO2, thus depressing respiration.31

3. Literature search methodology and focus
This update will focus on a different subset of effects associated
with the use of opioid analgesics in the acute postoperative
setting; these are endocrine changes and immunosuppression.
This clinical update will discuss the evidence behind the role of
opioids in contributing to each of these phenomena in the
postoperative setting, discuss their clinical relevance, and
summarize the recent data on approaches that could be
considered when treating pain in patients after surgery.
To provide systematicity to literature retrieval, PubMed search
was performed in September 2017 with the following keywords:
“opioids” (All Fields) AND “surgery” (All Fields) AND “pain” (All Fields)
AND (“immune suppression” [All Fields] OR endocrine” [All Fields]).
The search resulted in 125 articles, which were screened for relevant
information, including articles identified from their reference lists.
To obtain a comprehensive evaluation of opioid effects in the
perioperative setting, information on both postoperative opioids
for pain relief and data on intraoperative opioids for analgesia/
anesthesia purposes were considered. As rapid recovery from
anesthesia is becoming an increasingly important outcome,
opioids with faster offset such as remifentanil and sufentanil are
used more commonly, but (especially remifentanil) may be
associated with certain adverse effects.

4. Major endocrine changes associated with opioids
The current evidence suggests that opioids cause endocrine
changes by 2 major mechanisms:
(1) Opioids affect the hypothalamic-pituitary-gonadal (HPG) axis.
(2) Opioids affect the HPA axis.
The impact on the HPG axis is a well-described dosedependent effect of opioids, particularly related to treatment with
daily doses above 100 to 200 mg of oral morphine equivalents for
more than a few weeks. The HPG cascade is initiated by the
release of gonadotropin-releasing hormone (GnRH) from the
hypothalamus, which stimulates the anterior pituitary to release
luteinizing hormone (LH) and follicle-stimulating hormone (FSH),
which stimulate the gonads to produce testosterone and
estrogen. Opioids bind to m-opioid receptors in the hypothalamus, inhibiting the release of GnRH, thus decreasing LH and FSH
secretion from the pituitary. Subsequently, this leads to decrease
in testosterone levels and hypogonadism, a condition typically
referred to as opioid-induced androgen deficiency (OPIAD).29

Opioid-induced androgen deficiency is a significant observation in the setting of chronic opioid therapy, affecting 53% to 90%
of male patients on chronic opioid therapy.29 The long-term
symptoms of OPIAD in this setting include decreased attention,
decreased libido, fatigue, erectile dysfunction, and osteoporosis.
In women receiving chronic opioids, LH and FSH levels are
markedly reduced and are associated with amenorrhea and
impaired adrenal androgen production.13
Some studies have questioned the suggestion that OPIAD is
associated only with chronic opioid therapy. Several animal studies
have shown that even acute opioid administration (eg, morphine,
fentanyl, and buprenorphine), especially at high doses, results in
reduced levels of testosterone,10 but the duration of this effect is
reported to last between 24 hours to up to 8 weeks after treatment.11
A significant drop in total testosterone level in humans is also
observed with a single $30 mg dose of methadone, or within 24
hours of perioperative morphine administration.30,41
Unfortunately, well-designed studies aimed at understanding
the mechanisms of testosterone suppression, and the clinical
relevance of short-term hypogonadism in the setting of acute
opioid administration are lacking. Moreover, surgical stress may
also contribute to these phenomena, and patients receiving
ketamine (and not morphine) analgesia still display reduced
testosterone plasma levels.30 Therefore, more careful studies are
warranted to dissect the magnitude and the importance of OPIAD
in the perioperative setting.
The impact of the opioids on the HPA axis is less well
described. The HPA cascade is initiated by CRH release from the
hypothalamus, which stimulates the pituitary to release ACTH to
the systemic circulation, stimulating, in turn, the adrenal glands to
produce 2 hormones—dehydroepiandrosterone (DHEA) and
cortisol. Opioids seem to inhibit the functioning of the entire
HPA axis. On one hand, they reduce the production/release of
CRH, and on the other, they decrease the responsiveness of the
anterior pituitary to CRH. Both processes lead to reduced ACTH
secretion. Independently, opioids may also directly interfere with
the adrenal gland production of cortisol and DHEA. Cortisol is
important for mounting stress responses, and DHEA is an
important precursor for testosterone (in men) and estradiol (in
women).
The mechanistic data on opioid-associated changes in HPA
axis come primarily from rodent and healthy volunteer experiments. For example, in healthy volunteers, single-dose morphine
suppresses ACTH and cortisol levels both at baseline and after
CRH stimulation.2 However, the extrapolation of healthy volunteer data to the surgical setting is not straightforward, as the
surgical stress, and the postoperative pain per se, can have
a substantial effect on the functionality of the HPA axis. The
surgery typically results in an increased stress response, which
subsides after about 24 hours. Certain opioids (remifentanil,
particularly) are reported to acutely suppress plasma cortisol in
a dose-dependent manner.1 In the setting of elective C-section,
remifentanil administered as a bolus followed by continuous
intraoperative infusion (compared with fentanyl administration
after delivery) partially obtunded the neuroendocrine response to
surgery with a decrease in ACTH rise (but not in norepinephrine,
epinephrine, and growth hormone).14
The association between opioids and blunting ACTH or cortisol
rise seems to be modest at best, and highly dependent on the
timeframe of the assessment. In addition, some studies failed to
find changes in cortisol levels after intraoperative remifentanil
infusion.3 As in the case of reduced testosterone concentrations,
the clinical relevance of altered cortisol levels in the setting of
perioperative opioid therapy is not clear.
12
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5. Opioids and immune response—inflammation
and infections
Opioids do not possess strong anti-inflammatory properties
such as nonsteroidal anti-inflammatory drugs or corticosteroid
drugs, and their potential effects on inflammatory responses
seem to be highly dependent on the setting. For example, in
patients undergoing coronary artery bypass graft procedure,
administration of continuous remifentanil infusions (vs intermittent fentanyl dosing) resulted in lower levels of proinflammatory
cytokines (such as TNF-a and IL-6) at some time points after
cardiopulmonary bypass. Eight hours after surgery, however, no
differences were observed between the groups.40 On the
contrary, some studies have reported lower inflammatory
response (lower C-reactive protein level) with opioidminimizing analgesia in the setting of colorectal surgery38 or
enhanced proinflammatory cytokine release in the spinal cord
as a response to opioid challenge. The clinical relevance of
these short-term effects of opioids on inflammatory markers
remains to be investigated.
The 2 main areas of research focused on opioid-associated
immune effects deal with (1) the effects of opioids on immune
response to infections; and (2) opioid effects on tumor-specific
immune responses, affecting tumor growth and dissemination.
Major histocompatibility complex, class II (MHC-II) molecules,
expressed on antigen-presenting cells, are important regulators
of immune cell development and function. Morphine has been
shown to alter gene expression of the MHC-II in circulating
immunocytes (Beagles 2004), and thus suspected in causing
immunosuppression. It is a matter of debate whether these
effects are mediated by opioid-induced alteration in cortisol levels
(as in adrenalectomized rats, morphine exposure does not affect
MHC-II), or there is a direct immunosuppressive effect attributable to opioids. Interestingly, morphine withdrawal results in
renewed increase in circulating corticosterone levels and
a renewed suppression of MHC-II in previously opioid-tolerant
animals.28
The risk of surgical site infection was higher after abdominal
surgery with remifentanil anesthesia vs fentanyl anesthesia.21 The
findings could be attributable to more substantial immunosuppression with remifentanil (although direct data are lacking), or to
opioid withdrawal, which is more likely with the short-acting
remifentanil. Additional data support this notion of immunosuppression associated with opioid withdrawal; for example,
remifentanil discontinuation increased the risk of intensive care
unit–acquired infection,27 and morphine withdrawal in mice (after
96-hour exposure) increased the risk of infection in an experimental model of septic shock. Interestingly, the most commonly
detected organisms in tissue of morphine-withdrawn mice were
bacteria that are part of the normal gastrointestinal flora.18 There
are additional rodent studies suggesting that morphine, by
altering gut microbiome, may increased the risk of sepsis by
bacterial dissemination.24
A review examining whether opioids increase the risk of
infections in the perioperative or intensive care setting, suggested
that patients receiving higher doses of systemic opioids had an
increased risk of developing pneumonia perioperatively.32
However, these results are not universal and were observed only
if laparoscopic vs open surgery (or epidural vs systemic opioid
therapy) was compared.
Overall, the data are both inconsistent and insufficient to
determine the extent of opioid-associated immune suppression
on infectious complications after surgery. Untreated pain itself
can increase the risk of infections, eg, because of impaired
13
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mobility; pain also enhances the body’s stress response, which
by enhancing circulating cortisol, can contribute to immunosuppression. It needs to be taken into account that low-dose opioid
control groups in some studies (eg, epidural analgesia and
laparoscopic surgeries) could have better quality of analgesia and
improved ability to clear secretions. It is also possible that
increased risk of infection is among the immunological sequelae
of opioid withdrawal, rather that opioid therapy, per se. The
microbiome-related effects of opioids (and the potential dissemination of gut microorganisms) are another area that requires
additional research. Although some studies suggest that
buprenorphine (partial m-opioid agonist and a k-opioid antagonist) may be devoid of immunosuppressive effects,33 whether
different opioids have differential effects on immune function still
requires detailed investigation.

6. Opioids and immune response—cancer
Opioids can suppress NK cell cytotoxicity. Both high-dose and
low-dose fentanyl suppressed NK cytotoxicity for 24 hours.5
However, rate of recovery of NK cell suppression was longer in
the high-dose fentanyl group. Rats, which were treated with 20
mg/kg morphine (vs saline), developed a decrease in Blymphocyte blood expression of MHC class II molecules within
2 hours.4 The same group has previously reported that in rats,
fentanyl suppresses NK cell cytotoxicity and increases the risk of
tumor metastases.34 Although there might be a dose-dependent
effect, it is not clear whether different opioids affect the NK
function differentially. In this regard, data suggest that endogenous opioids (b-endorphin) inhibit T-cell proliferation to a lesser
extent than exogenous morphine.15
Despite these experimental findings, it is unclear whether there
is any long-term immunosuppression associated with similar
changes in antigen-presenting cells in humans.
A large retrospective analysis of a national registry data from
Denmark (n 5 34,188) showed no difference of breast cancer
recurrence as a function of opioid use.12 The researchers
categorized “strong immunosuppressive opioids (codeine, morphine, and fentanyl) vs weakly immunosuppressive opioids
(oxycodone, tramadol, buprenorphine, and hydromorphone),”
based on previous literature, but found no difference between the
groups.
Considering the immunosuppressive effects attributable to
pain and the enhanced stress response (and cortisol increase),
which opioids may blunt, it is currently unclear whether the
clinically relevant “net effect” of postoperative pain management
with opioids tips the immune balance towards immune suppression. There is also insufficient evidence to determine that some
opioids produce strong immunosuppressive effects, whereas
others produce only weak or no such effects.

7. Mitigation approaches
7.1. Stress response and inflammation
Inflammatory reaction after surgery is a physiological response
that helps the healing process. An excessive inflammatory
response can lead to complications, but immune suppression
could negatively affect the healing process. With potential effects
of opioids on inflammation, and potential immunosuppressant
activity, the attempt in the recent years has been to use
multimodal analgesia approaches that provide adequate analgesia, but avoid excessive opioid use, especially high-dose intraoperative remifentanil.

4

·

PAIN Reports®

S. Haroutounian 3 (2018) e640

Patient-controlled epidural analgesia (with bupivacaine and
fentanyl) after lower abdominal surgery have resulted in blunted
postoperative elevation of cortisol and prolactin, and lower pain
scores, compared with other opioid-only systemic analgesia
regimens.42
In a setting of retropubic prostatectomy, PCEA (with ropivacaine and sufentanil) resulted in lower pain intensity, and reduced
the postoperative stress response (plasma cortisol and glucose),
but not the acute inflammatory response (TNF-a and IL-6
levels).17
Another study in 24 women undergoing laparoscopic cholecystectomy assessed the effect of a single-dose intrathecal
(bupivacaine with fentanyl) vs epidural (ropivacaine with fentanyl)
anesthesia, before general anesthesia in both groups.7 Intraoperative cortisol, noradrenaline, and total catecholamine levels
were significantly lower in the intrathecal (spinal) anesthesia group
(and patients required less systemic fentanyl); ie, spinal anaesthesia produced a more favourable endocrine response than
epidural anaesthesia.
In pediatric cardiac surgery, on the other hand, high-dose
intraoperative fentanyl has demonstrated better (lower) profile of
stress markers such as ACTH, glucose, cortisol, and lactate,
compared with low-dose fentanyl. High-dose intraoperative
fentanyl also resulted in lower postoperative opioid
requirements.26
The available results demonstrate that neuraxial anesthesia
and analgesia (intrathecal route perhaps more advantageous
than epidural), result in either lower pain scores or less systemic
opioid requirements, and can blunt the stress response, with
minimal effect on acute inflammatory response. This suggests
that multimodal anesthesia with neuraxial opioid and local
anesthetic delivery, where possible, may provide advantage to
systemic (especially high-dose) opioid administration. The
advantages in the pediatric surgery setting have not been
explored sufficiently and merit more thorough investigation.
7.2. Cancer
The literature is divided on the topic of regional anesthesia
approaches and their potential effect on cancer-related outcomes. Initial retrospective studies reported that perioperative
use of regional (neuraxial or peripheral) anesthesia is associated
with improved outcomes in terms of cancer recurrence and
survival after breast and prostate surgery.6,16
However, a later retrospective study in colorectal cancer
surgery,20 an ad hoc analysis of a prostatectomy study,37 and
a retrospective study in lung cancer did not show any benefit of
regional anesthesia on cancer-related outcomes.9 A prospective randomized controlled trial25 did not demonstrate prolonged survival in major abdominal surgery, and a recent
retrospective study in patients undergoing radical cystectomy
for bladder cancer demonstrated more than 50% reduction in
perioperative opioid consumption with spinal anesthesia, but
this difference was not associated with changes in outcomes
such as all-cause mortality, bladder cancer mortality, or cancer
recurrence.39
A prospective study8 found that innate immunity (NK cells,
CD41, and CD81 cells) was depressed in lung cancer patients
undergoing resection, but postoperative epidural analgesia did
not help preserve the immunity.
In addition, a recent systematic review of the literature (15
studies) found inconclusive evidence to support or refute the
suggestion that paravertebral blocks in breast cancer can reduce
cancer recurrence or improve survival.

Currently, there is no conclusive evidence that regional
anesthesia, by either reducing opioid doses or by other
mechanisms such as sympathetic blockade, can improve longterm cancer-related outcomes in cancer patients undergoing
surgery. With that said, there is no major disadvantage in using
regional techniques, and the opioid-sparing and stress
response–blunting acute effects justify the widespread use of
such approaches for postoperative pain relief.

8. Critical questions to be addressed by
future research
The undesired effects attributable to opioids, which were
discussed in this article, are often challenging to address, as
some of these effects may be related to surgical stress or
postoperative pain, per se. For example, endogenous opioids
such as beta-endorphins play an important role in the regulation
of gonadotropins through modulation of GnRH pulse amplitude
and frequency. Therefore, with the question of OPIAD in mind, it is
critical to control for this variable, as some data suggest that
testosterone levels are lower in subjects with pain compared with
controls, irrespective of opioid use.23 Are then patients, who are
in more pain (and therefore are likely to require higher opioid dose)
more likely to develop endocrine adverse effects? What is then
the contribution of pain vs opioid (type and dose)? Is it more
important to control the pain well, or avoid high-dose opioids,
even at the expense of higher pain? These research questions are
yet to be answered and need to be address accurately to move
the field forward, toward safer and more rational perioperative
opioid use.
In a similar scenario, severe pain is associated with enhanced
stress response, accompanied by catecholamine and cortisol
release. Numerous preclinical and clinical studies have focused
on the effect of opioid analgesics on the postoperative stress
response. As enhanced stress response may cause immune
suppression and lead to postsurgical complications, blunting
the stress response has been historically considered as a desirable perioperative outcome. However, the advantages of
blunting the stress response with opioids should be weighed
against potential immunosuppression, and more research is
needed to achieve an optimal balance that would positively
affect patient outcomes.
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Emerging therapies for neuropathic pain: new
molecules or new indications for old treatments?
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Abstract
Neuropathic pain represents a highly unmet medical need because most of the available treatments have a modest efficacy or doselimiting side effects. Hence, novel therapeutic perspectives are warranted. Many compounds acting on new pain targets are in
preclinical or early clinical development. Only few clinical trials have suggested their clinical relevance in neuropathic pain. This
concerns in particular NaV1.7 antagonists and angiotensin type II inhibitors. Another type of emerging drug therapy in neuropathic
pain is represented by drugs largely used for other indications, such as botulinum toxin A and the antiepileptic oxcarbazepine, which
have recently found to be effective in peripheral neuropathic pain. Emerging nondrug medical therapy with promising results in
neuropathic pain also encompasses noninvasive brain neurostimulation techniques, such as repetitive transcranial magnetic
stimulation and transcranial direct electrical stimulation. In this article, we review emerging medical treatments for neuropathic pain
that are clinically available or with promising results from clinical trials.
Keywords: Neuropathic pain, Treatment, Review, Pharmacological treatments, Nonpharmacological treatments

1. Introduction
Neuropathic pain is still considered as a highly unmet medical
need despite an increasing number of available therapies.
Most of the treatments usually available have a modest
efficacy or safety.6,16 Therefore, new therapeutic prospects
are welcome.
Over 100 molecules acting on specific targets of potential
interest for neuropathic pain are currently in development.20,44,61
These include sodium channel isoform-specific antagonists,
vanilloid receptor antagonists, potassium channel agonists,
NMDA/metabotropic glutamate receptor antagonists or novel
modulators of NMDA receptors, novel opioid receptor agonists,
histamine H3 receptor antagonists, serotonin modulators,
nicotinic agonists, adrenoreceptor agonists, nitric oxide synthase
inhibitors, orexin receptor antagonists, angiotensin type II receptor (ATR2) antagonists, imidazoline I2 receptor agonist,
apoptosis inhibitors, cannabinoid CB2 receptor agonists, fatty
acid amide hydrolase inhibitors, anti–nerve growth factor
molecules, and gene therapy, etc. Most of these molecules,
which are in early preclinical development, are beyond the scope
of this review. We will only highlight some recent results
concerning the few drugs for which clinical data are already
available.

Sponsorships or competing interests that may be relevant to content are disclosed
at the end of this article.
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Interestingly, however, several older drugs largely used in
nonpain indications such as botulinum toxin and oxcarbazepine
have recently been found effective in neuropathic pain and
therefore may also be considered as emerging drug therapy.
Beyond drug therapy, nonpharmacological treatments with
generally encouraging results based on well conducted clinical
trials mostly include noninvasive brain neurostimulation techniques. Although they are not new, these approaches may also be
regarded as emerging treatment for neuropathic pain.11 Psychological therapies, for which there are insufficient data in
neuropathic pain or other nonpharmacological therapies such
as visual illusion or mirror therapy, which concern only small
groups of patients with neuropathic pain (eg, complete spinal
cord injury or phantom limb pain) and with limited evidence
for efficacy have been reviewed elsewhere8,15,55 and will not be
discussed here.
In this review, after a brief summary of available drugs currently
recommended for neuropathic pain, we will deliberately focus on
potential new treatments, pharmacological or nonpharmacological treatments for neuropathic pain, including new or older drug
treatments with recently discovered antineuropathic activity. Only
treatments with potential clinical relevance in neuropathic pain
based on placebo-controlled trials in peripheral or central
neuropathic pain will be discussed here.

2. Drugs currently recommended for
neuropathic pain
Pharmacological agents found effective in neuropathic pain on
the basis of randomized controlled trials (RCTs) include tricyclic
antidepressants (particularly amitriptyline), serotonin and norepinephrine reuptake inhibitor antidepressants (particularly duloxetine), pregabalin, gabapentin, which are recommended first line,
and tramadol, lidocaine patches, and capsaicin highconcentration patches, which are recommended second line
(for peripheral neuropathic pain only as regards topical agents).
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Given the evolving opioid crisis particularly in North America,50
and despite evidence for clinical efficacy in neuropathic pain,
strong opioids are now recommended as the last choice in case
of insufficient response and/or side effects to first-line or secondline medications with careful monitoring.16
Unfortunately, meta-analyses indicate that only a minority of
patients with neuropathic pain have adequate response to drug
therapy and that many of these drugs have dose-limiting side
effects.6,16 Other drugs expected to be effective such as
oromucosal cannabinoids, the opioid agonist, and norepinephrine reuptake inhibitor tapentadol and several antiepileptics
(lamotrigine, oxcarbazepine, and topiramate) have yielded
discrepant results, although some of them may be effective in
subgroups of patients (see below).

3. Drugs acting on new targets with potential clinical
relevance in neuropathic pain
3.1. Subtype-selective sodium channel blockers
Neuropathy causes alterations in ion channels within the affected
nerve that affects spinal and brain sensory signalling. Increased
expression and function of sodium channels in the sensory
nerves lead to increased excitability, signal transduction, and
neurotransmitter release.10 The role of subtype-selective sodium
channels, particularly NaV1.7 channels, has been recently linked
to neuropathic pain in particular painful sensory neuropathies or
trigeminal neuralgia through genetic studies. It has been found
that gain-of-function mutations in NaV1.7 in particular may induce
pain.57 Interestingly, selective NaV1.7 antagonists have been
recently investigated in neuropathic pain and trigeminal neuralgia
(Table 1). One phase IIa multicenter randomized placebocontrolled trial using a withdrawal enrichment design in 67
patients with classical trigeminal neuralgia (of whom 29 were
randomly assigned to double-blind treatment) found no efficacy
of the oral NaV1.7 antagonist BIIB074 (Biogen Idec) on the
primary outcome (a composite measure of treatment failure) but
efficacy on multiple secondary outcomes including the proportion
of responders.65 Safety was excellent with no more side effects in
the active group compared with the placebo. Another proof of
concept placebo-controlled RCT using a cross-over design
conducted in 70 patients with postherpetic neuralgia (54
completers) used the topical NaV1.7 antagonist TV-45070 (Teva
and Xenon pharmaceuticals) applied twice daily for 3 weeks.46
This study was negative on the primary endpoint (pain intensity)
but found significant effect on the proportion of responders.
Furthermore, in this study, 63% of the patients carrying the
NaV1.7 R1150W gain-of-function polymorphism responded to
the drug vs 35% of wild-type carriers. No significant side effects
were reported.
Overall, these 2 clinical trials, although negative on the primary
outcome, strongly suggest the potential clinical relevance of
NaV1.7 antagonists in neuropathic pain and justify to continue
their clinical development.
3.2. Angiotensin II type 2 receptor antagonists
The role of ATR2, which are expressed in human nociceptive
sensory neurons, has also been recently discovered in neuropathic pain in preclinical studies.51 The analgesic properties of
selective ATR2 antagonists have been reported in animals.
Mechanisms of action are probably peripheral. More specifically,
it has been found in human cultured sensory neurons that
angiotensin II induces peripheral sensitization through a number
18
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of signaling pathways including protein kinase activation.2 EMA
401, a highly selective oral angiotensin type II antagonist (Novartis
Pharmaceuticals Corporation), has been found to be effective in
a phase 2 multicenter clinical trial of 28 days in 183 patients with
postherpetic neuralgia, with a very good safety profile48 (Table 1).
Selective angiotensin type II antagonists may represent a new
class of analgesics for neuropathic pain and are currently in phase
III clinical development.
3.3. Nerve growth factor antagonists
A number of antibodies targeting the biological activity of human
nerve growth factors are currently in clinical development for the
treatment of chronic pain mainly of nociceptive origin. Fulranumab (Johnson & Johnson Pharmaceutical Research and Development), an anti-NGF antibody administered subcutaneously,
is the only drug of this class that was investigated specifically in
a phase II clinical trial in neuropathic pain (Table 1). However, the
study had to be stopped prematurely because of Food and Drug
Administration hold (due to reports of rapidly progressive
osteoarthritis with NGF antagonists in patients with osteoarthritis)
and only one-third of patients (88 patients instead of 200) were
enrolled. Results were negative on the primary and secondary
outcomes in this group of patients with peripheral neuropathic
pain.56 However, this does not exclude the potential clinical
relevance of this drug class in neuropathic pain.

4. Drugs with recently discovered
antineuropathic efficacy
4.1. Oxcarbazepine
Although antiepileptics acting on sodium channels seem to have
limited efficacy based on large scale clinical trials, this may be
because they do not target the relevant phenotypic profiles.9,10
Interestingly, one recent proof of concept clinical multicenter
study using the sodium channel blocker oxcarbazepine (Novartis
Pharma) in 97 patients (39 completers) with peripheral neuropathic pain in patients stratified into 2 groups based on clinical
phenotypes, suggesting potential underlying mechanisms (irritable nociceptors with potential preserved nociceptive function vs
deafferentation) reported that only patients with preserved
nociceptive function were significantly responsive to oxcarbazepine, suggesting that this drug targets preferentially remaining
hyperexcitable nociceptive fibers13 (Table 1). This suggests that
older drugs acting on sodium channels may have significant
efficacy at least in subgroups of patients with neuropathic pain
and should be investigated in the future specifically using
a phenotypic-based approach and not in aetiologically categorized patients.9
4.2. Botulinum toxin A
Botulinum toxin type A (BTX-A) is widely used to treat muscle
hyperactivity, based on its ability to inhibit synaptic exocytosis,
and therefore to disable neural transmission. A number of
experimental studies in animals or clinical models of pain in
healthy subjects have indicated that BTX-A may have analgesic
activity independent of its effect on muscle tone,3 possibly
through a decrease in neurogenic inflammation.14,18,19,24,32,33,39
Four-pilot single-center RCTs including 20 to 60 patients have
reported the long-term efficacy of BTX-A (one single set of
subcutaneous or intradermal injections into the painful area at
fixed doses or at doses adapted to the painful area, from 50 to
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Table 1

Summary of randomised multicentre double-blind placebo-controlled clinical trials (parallel design) with drugs acting on new
pain targets and drugs with recently discovered antineuropathic activity.
Authors
Drugs acting on new targets in clinical
development
Zakrweska et al. (2017)65

Price et al. (2017)46

Wang et al. (2017)56

Rice et al. (2016)48

Drugs with recently discovered
antineuropathic activity
Demant et al.13

Attal et al.7

Treatment

Patients

BIIB074, an oral NaV1.7 antagonist, 150
mg tid for 21 d (open label) then 28
d double blind
TV-45070, ointment, a topical NaV1.7
antagonist twice daily for 3 wk

Classical trigeminal neuralgia, n 5 67
open label, n 5 29 double-blind phase

Oral oxcarbazepine vs placebo

Peripheral neuropathic pain, n 5 83

Main results on efficacy

No effect on the primary outcome
(composite measure of treatment failure)
but effects on the proportion of responders
Postherpetic neuralgia, n 5 70
No effect on the primary outcome (mean
pain intensity) but significant effect on the
proportion of responders (50% pain relief);
63% of patients carrying the NaV1.7
R1150W gain-of-function polymorphism
responded the drug vs 35% of wild-type
allele carriers
Fulranumab, a subcutaneous NGF
Peripheral neuropathic pain (postherpetic Negative results for primary and all
antagonist, 1 injection every 4 wk for 12 wk and posttraumatic), n 5 88 instead of 200 secondary outcomes
(study stopped prematurely by FDA)
EMA401, an oral angiotensin type II
Postherpetic neuralgia, n 5 183
Positive results for primary outcome (pain
antagonist 100 mg bid for 28 d
intensity) and multiple secondary
outcomes, including the proportion of
responders and quality-of-life items. The
NNT for 50% pain relief was 6.7.

Botulinum toxin A SC (2 sets of injections 3 Peripheral neuropathic pain, n 5 66
months apart) vs placebo

Moderate effect on the primary outcome
(pain intensity) Effect enhanced in the
“irritable nociceptive” group (milder
sensory deficit); greater effect in patients
with paroxysmal pain.
Positive effect on the primary outcome
(pain intensity for up to 24 wk) and several
secondary outcomes, including several
neuropathic symptoms and allodynia.
Effect enhanced in patients with
mechanical allodynia and preservation of
nociceptive function

FDA, Food and Drug Administration; NGF, nerve growth factor.

200 units) in peripheral neuropathic pain (postherpetic neuralgia,
traumatic nerve injury, or diabetic neuropathic pain) and
were characterized by high response rate.4,47,60,64 In these
studies, the onset of efficacy (about 1 week) and duration of
effects (3 months) was remarkably similar. However, 1 unpublished proof of concept multicenter clinical study (sponsored
by Allergan) was negative in 117 patients with postherpetic
neuralgia.58 Three other small single-center placebo-controlled
RCTs have also reported the efficacy of BTX-A–administered,
intradermally in the face, mucosa, or in trigger points in classical
trigeminal neuralgia.41
A recent 3-center double-blind randomised placebocontrolled trial assessed the sustained efficacy and safety of 2
subcutaneous administrations of BTX-A (Allergan) (up to 300
units depending on the painful area), 12 weeks apart in 66
patients with peripheral neuropathic pain (postherpetic neuralgia,
posttraumatic nerve lesion, and painful polyneuropathy) with or
without allodynia7 (Table 1). Results showed that BTX-A
improved average pain intensity over 24 weeks, as compared
with placebo (primary outcome), and that the second injection
was of higher therapeutic benefit. Botulinum toxin type A was
particularly effective on some neuropathic symptoms (allodynia
and paroxysmal pain) and reduced mechanical allodynia and
hyperalgesia evaluated using quantitative sensory testing. Safety
was excellent with mainly pain during the injections. The response

to BTX-A at the end of treatment was predicted by the
presence or severity of mechanical allodynia and the preservation of intraepidermal nerve fiber density on skin punch
biopsy (at baseline) and there was a correlation between the
preservation of thermal deficits and the response to BTX-A.
These data suggest that the best responder profiles to BTX-A
were characterized by preservation of nociceptive input. This
study also examined whether the response to BTX-A could be
mediated by an effect on neurogenic inflammation. For this
purpose, neuropeptide levels (calcitonin gene-related peptide
and substance P) were measured from skin biopsy at baseline
and 1 month after. Contrary to expectations, the level of these
neuropeptides was not modified by treatment nor linked to
their efficacy. These data suggested that BTX-A might act on
other mechanisms and we have proposed7 that this drug acts
preferentially through central mechanisms of action, presumably through retrograde axonal transport.36 In line with
this hypothesis, a recent single-center double-blind randomized placebo-controlled study conducted in 40 patients with
spinal cord injury reported a beneficial effect of BTX-A on
below level pain, which was more marked in patients with
preserved sensory or motor function.22
These data have led to recommend BTX-A as a third choice in
the therapeutic arsenal of peripheral neuropathic pain for
refractory patients.16
19
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5. Emerging nonpharmacological treatments:
noninvasive brain stimulation
Noninvasive transcranial brain stimulation techniques have
recently expanded for the treatment of neuropathic pain. Their
initial therapeutic application stems from the discovery of the
benefit of epidural motor cortex stimulation of the motor cortex in
neuropathic pain.11 These techniques encompass conventional
repetitive magnetic transcranial stimulation (rTMS) and transcranial direct current stimulation (tDCS). Their mechanisms may
share similarities through an action on central modulatory
systems.5,38 However, although these techniques are now widely
used in psychiatry particularly for the treatment of major
depression,31 their routine clinical use in neuropathic pain
remains limited because no large-scale multicenter randomized
controlled study has confirmed their efficacy (Table 2). Furthermore, studies of rTMS or tDCS all suffer from methodological
limitations related to the lack of real double blinding42 because the
active and sham stimulations were conducted with distinct coils
in most studies. However, these limitations should now be
overcome by the use of double face coils in newer rTMS studies
or by the use of techniques such as deep rTMS in which the active
and sham stimulations are conducted using the same equipment
(see below).
5.1. Repetitive magnetic transcranial stimulation
In recent years, rTMS has been developed for the treatment of
neuropathic pain.11,29,42 Repetitive magnetic transcranial stimulation uses a transient magnetic field to produce electrical
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currents in the cortex.29 In most studies, the motor cortex
(M1) was the stimulation target. Neuropathic pain is generally
relieved by high-frequency stimulations (5-20 Hz), but not
low-frequency (0.5-1 Hz) stimulation of the contralateral M1
area. Most initial studies were based on single sessions. The
latter produced delayed analgesic effects (by 2-4 days)
lasting 6 to 8 days, which is not compatible with therapeutic
application. 42 The repetition of daily rTMS sessions for 3 to 10
days with at least 10-Hz intensity (80%-110% of the motor
threshold) has also been found to produce cumulative effects
in neuropathic pain, lasting for more than 1 week beyond the
time of stimulation.1,5,23,25,26,27,62 These effects were
obtained whatever the anatomical origin of neuropathic pain,
involving either the central or the peripheral nervous system
and seem to be similar in various neuropathic pain conditions.
However, no study except in fibromyalgia 37,45 has investigated the long-term efficacy of rTMS in chronic pain for
several months. Safety is generally excellent, the main side
effect of rTMS being transient headache. Contraindications
include mainly epilepsy, brain tumour, and cardiac
pacemaker.
In contrast to M1 stimulation, there are very few data regarding
rTMS of other cortical targets in neuropathic pain. Thus far, the
dorsolateral prefrontal cortex (DLPFC) has been mainly investigated. Its stimulation may modulate affective emotional networks
related to pain. However, only 1 small sham-controlled study has
been published to date and showed lack of efficacy of 10 days of
high-frequency (10 Hz) rTMS of the left DLPFC in patients with
central poststroke pain.12

Table 2

Randomised sham-controlled clinical trials with repetitive transcranial magnetic stimulation (conventional, deep repetitive
transcranial magnetic stimulation with the Hesed coil) (repeated sessions for at least 3 days, at least 10 patients per treatment
group) of the motor cortex or DLPFC for neuropathic pain.
Authors

Treatment

rTMS of the motor cortex
Khedr et al. (2005)26 20 Hz for 5 d
Ahmed et al. (2011)1

20 Hz for 5 d

Patients

Main results on efficacy vs sham
stimulation

Central pain and trigeminal neuralgia,
n 5 48
Phantom limb pain, n 5 27

Significant effect immediately after sessions
and 2 wk after last session.
Significant effect on pain intensity (VAS) 5 d,
1 mo, and 2 mo after end of sessions.
Significant short-term effects (60 min) but no
cumulative effect over 17 d.
Significant effect persisting for 15 d but not at
1 mo.
Significant effect on pain intensity (VAS)
persisting for 1 and 3 mo
Significant effect on pain intensity immediately
after sessions and at 5 d; effect on cold pain
thresholds.
Significant effect on pain intensity (VAS) for up
to 30 d after treatment

Hosomi et al. (2013)23 5 Hz for 10 d (multicentre)

Multiaetiology NP, n 5 64

Khedr et al. (2015)27

20 Hz for 10 d

Malignant neuropathic pain, n 5 34

Ma et al. (2015)34

10 Hz for 10 d

Postherpetic neuralgia, n 5 40

Attal et al. (2016)5

10 Hz for 3 d (crossover, 2 centres)

Painful lumbosacral radiculopathy, n 5 35

Malavera et al. (2016)35 10 Hz for 10 d

Phantom limb pain, n 5 54

rTMS of the left
dorsolateral
prefrontal cortex
DeOlivera et al.12

10 Hz for 10 d

Central poststroke pain, n 5 21

No effect on pain intensity after 1, 2 and 4 wk
(interim analysis) and the study was stopped

Deep rTMS (Hesed coil)
Onesti et al. (2013)43

20 Hz for 5 d

Diabetic neuropathic pain of the lower limbs,
n 5 34
Multiaetiology neuropathic pain of the lower
limbs, n 5 18

Significant effect of deep rTMS for up to 3 wk
but not at 5 wk
Significant short-term effect of deep rTMS
(60 min) but not of conventional rTMS

Shimizu et al. (2017)49 5 Hz for 5 d (crossover, comparison with
conventional rTMS)

Studies used a parallel group design unless otherwise indicated.
NP, neuropathic pain; rTMS, repetitive magnetic transcranial stimulation; VAS, visual analogue scale.
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5.2. Transcranial direct current stimulation
Transcranial direct current stimulation is a widely used noninvasive technique for modulating neuronal excitability. It applies
weak electric current of 0.5 to 3 mA to the skin to depolarize or
hyperpolarize neurons in the brain.30 Anodal stimulation at the
target electrode excites neuronal function, whereas cathodal
stimulation inhibits it. Safety is generally excellent, with the main
side effect of tDCS being a transient skin reaction below the
stimulating electrodes.
Randomized small placebo-controlled trials of tDCS of the
motor cortex in neuropathic pain used mainly repeated sessions
(usually for 5 consecutive days) and reported either modest
positive results or negative results (Table 3). A sham-controlled
randomized comparative study of rTMS and tDCS of the motor
cortex in painful radiculopathy showed only significant efficacy of
rTMS after 3 days of treatment but not of tDCS compared with
sham.5 Interestingly, however, 1 study showed significant
prolonged effects of tDCS when combined with visual illusion of
movement in patients with spinal cord injury pain and found that
tDCS alone improved at least some neuropathic symptoms
(paroxysmal pain).52 In any case, further studies are needed to
clarify the effects of tDCS on neuropathic pain.

5.3. Newer brain neurostimulation techniques with
promising effects in neuropathic pain
Standard TMS coils permit to stimulate only superficial cortical
regions of the human brain. A newer cooled coil, the Hesed coil
(H-coil), allows for deep brain stimulation without significantly
increasing fields induced in superficial cortical regions.54 In
healthy subjects, it has been found that the H-coil induces an
effective field at a depth of approximately 3 to 4 cm beneath the
surface of the skull. The H-coil also stimulates larger areas, that is,
approximately 17 cm3 of the brain tissue compared with

approximately 3 cm3 with conventional coils. The H-coil is already
currently largely used in psychiatry for the treatment of psychiatric
conditions, particularly major depression.31 Two small singlecenter RCTs have been conducted in patients with neuropathic
pain. In 1 crossover trial including 25 patients with diabetic
neuropathic pain and pain in the lower limbs, rTMS applied with
H-coil for 5 consecutive data effectively relieved neuropathic pain
vs sham stimulation for up to 3 weeks after the end of rTMS
sessions. The effects were reversible and disappeared 2 weeks
later.43 The other trial49 used a crossover design to compare
conventional rTMS and H-coil of the motor cortex administered
during 5 consecutive days in 18 patients with neuropathic pain
and reported significant short-term pain relief immediately and
1 hour after H-coil stimulation but not after conventional rTMS
stimulation as compared to sham stimulation. However, this
study did not assess potential longer term effects of H-coil. Newer
clinical studies comparing H-coil with conventional rTMS are
required to confirm these preliminary results and demonstrate the
clinical relevance of H-coil stimulation after repeated sessions in
neuropathic pain.

6. Conclusion
New medical treatments in neuropathic pain include compounds
acting on new pain targets. Most of them are in preclinical or early
clinical development for neuropathic pain, but a few clinical trials
have suggested the potential clinical relevance of NaV1.7
antagonists and angiotensin type II inhibitors in neuropathic pain.
Another type of new drug therapy for neuropathic pain is
represented by drugs largely used for other indications and for
which analgesic effect has recently been discovered in neuropathic pain. This is the case in particular for BTX-A and for the
antiepileptic oxcarbazepine in subgroups of patients with
neuropathic pain. Finally, emerging medical therapy with
promising results in neuropathic pain includes noninvasive brain

Table 3

Randomised sham-controlled clinical trials of transcranial direct current stimulation of the motor cortex (repeated sessions, at
least 10 patients) for neuropathic pain.
Authors

Treatment

Patients

Main results on efficacy vs sham stimulation

Fregni et al.17

2 mA for 5 d

Spinal cord injury, n 5 17

Short-term efficacy for pain intensity after end of
treatment.

Mori et al.40

2 mA for 5 d

Multiple sclerosis, n 5 19

Significant efficacy for pain intensity for up to 3 wk.

2 mA for 10 d (comparison with visual illusion and
combined treatments)

Spinal cord injury, n 5 39

No effect of tDCS alone on overall pain intensity;
effect on paroxysmal pain; combination with visual
illusion effective for up to 12 wk.

Kim et al.28

2 mA for 5 d

Diabetic neuropathic pain, n 5 40

Significant effect on pain intensity, persisting at 2
and 4 wk.

Wrigley et al. (2013)59

2 mA for 5 d (crossover)

Spinal cord injury pain, n 5 10

No effect on mean pain intensity or unpleasantness.

Hagenacker et al.21

2 mA for 2 wk (crossover)

Trigeminal neuralgia, n 5 10

Significant effect on pain intensity but not on the
frequency of painful attacks after 2 wk of treatment.

Yoon et al. (2014)63

2 mA twice a day for 10 d

Spinal cord injury pain, n 5 16

Effect of active tDCS only on pain intensity;
metabolism on PET scan increased in the medulla
and decreased in the left dorsolateral prefrontal
cortex.

Souto et al. (2014)53

2 mA for 5 d

Pain due to HTLV1, n 5 20

No significant effect of tDCS vs sham on primary
outcome; large placebo effect.

Attal et al.5

2 mA for 3 d (crossover, 2 centers)

Painful lumbosacral radiculopathy,
n 5 35

No effect on pain intensity immediately after the
sessions or 5 d later.

Soler et al.

52

Studies used a parallel group design unless otherwise indicated.
tDCS, transcranial direct current stimulation.
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neurostimulation techniques, such as rTMS and tDCS. Newer
stimulation techniques such as deep rTMS also seem promising.
However, one remaining issue before bringing the above
interventions into routine clinical practice for neuropathic pain is
the fact that most of the available evidence relies on proof of
concept or single-center clinical trials. Multicenter large-scale
confirmatory clinical trials are now warranted. Such trials are now
being supported by drug companies for drugs acting on new
targets. This seems more challenging for older compounds
because of loss of interest by pharmaceutical industry and, as
regards neurostimulation, because of the cost of equipment
together with the necessity of highly trained investigators.
However, multicenter clinical trials aiming to confirm the longterm efficacy of rTMS in particular are currently underway in
France (https://clinicaltrials.gov/ct2/show/NCT02010281).
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Kimiskidis VK, Koch G, Langguth B, Nyffeler T, Oliviero A, Padberg F,
Poulet E, Rossi S, Rossini PM, Rothwell JC, Schönfeldt-Lecuona C,
Siebner HR, Slotema CW, Stagg CJ, Valls-Sole J, Ziemann U, Paulus W,
Garcia-Larrea L. Evidence-based guidelines on the therapeutic use of
repetitive transcranial magnetic stimulation (rTMS). Clin Neurophysiol
2014;125:2150–206.
Lefaucheur JP, Antal A, Ayache SS, Benninger DH, Brunelin J,
Cogiamanian F, Cotelli M, De Ridder D, Ferrucci R, Langguth B,
Marangolo P, Mylius V, Nitsche MA, Padberg F, Palm U, Poulet E, Priori A,
Rossi S, Schecklmann M, Vanneste S, Ziemann U, Garcia-Larrea L,
Paulus W. Evidence-based guidelines on the therapeutic use of

Copyright  2018 by the International Association for the Study of Pain. Unauthorized reproduction of this article is prohibited.

582

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]
[45]

[46]

[47]

[48]

·

PAIN®

D. Bouhassira, N. Attal 159 (2018) 576–582

transcranial direct current stimulation (tDCS). Clin Neurophysiol 2017;
128:56–92.
Levkovitz Y, Isserles M, Padberg F, Lisanby SH, Bystritsky A, Xia G,
Tendler A, Daskalakis ZJ, Winston JL, Dannon P, Hafez HM, Reti IM,
Morales OG, Schlaepfer TE, Hollander E, Berman JA, Husain MM, Sofer
U, Stein A, Adler S, Deutsch L, Roth Y, George MS, Zangen A. Efficacy
and safety of deep transcranial magnetic stimulation for major
depression: a prospective multicenter randomized controlled trial.
World Psychiatry 2015;14:64–73.
Luvisetto S, Marinelli S, Cobianchi S, Pavone F. Anti-allodynic efficacy of
botulinum neurotoxin A in a model of neuropathic pain. Neuroscience
2007;145:1–4.
Luvisetto S, Marinelli S, Lucchetti F, Marchi F, Cobianchi S, Rossetto O,
Montecucco C, Pavone F. Botulinum neurotoxins and formalin-induced
pain: central vs peripheral effects in mice. Brain Res 2006;1082:124–31.
Ma SM, Ni JX, Li XY, Yang LQ, Guo YN, Tang YZ. High-frequency
repetitive transcranial magnetic stimulation reduces pain in postherpetic
neuralgia. Pain Med 2015;16:2162–70.
Malavera A, Silva FA, Fregni F, Carrillo S, Garcia RG. Repetitive
transcranial magnetic stimulation for phantom limb pain in land mine
victims: a double-blinded, randomized, sham-controlled trial. J Pain
2016;17:911–8.
Marinelli S, Vacca V, Ricordy R, Uggenti C, Tata AM, Luvisetto S, Pavone
F. The analgesic effect on neuropathic pain of retrogradely transported
botulinum neurotoxin A involves Schwann cells and astrocytes. PLoS
One 2012;7:e47977.
Mhalla A, Baudic S, Ciampi de Andrade D, Gautron M, Perrot S, Teixeira
MJ, Attal N, Bouhassira D. Long-term maintenance of the analgesic
effects of transcranial magnetic stimulation in fibromyalgia. PAIN 2011;
152:1478–85.
Moisset X, de Andrade DC, Bouhassira D. From pulses to pain relief: an
update on the mechanisms of rTMS-induced analgesic effects. Eur J Pain
2016;20:689–700.
Morenilla-Palao C, Planells-Cases R, Garcia-Sanz N, Ferrer-Montiel A.
Regulated exocytosis contributes to protein kinase C potentiation of
vanilloid receptor activity. J Biol Chem 2004;279:25665–72.
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1. Why we need a better understanding of fatigue in
chronic pain
Fatigue is a prevalent complaint in people with chronic pain.11,46
A study in the general population showed that 64% of the
individuals with chronic widespread pain reported co-occurring
persistent fatigue.13 In patients with chronic pain due to spinal
cord injury, 70% reported persistent fatigue.12 Such comorbid
fatigue is likely to be an additional source of disability and suffering
when left untreated.1,25,42 Moreover, fatigue might reduce
patients’ ability and/or willingness to fully engage in treatments
aimed at increasing physical activity, such as graded activity or
exposure,58 possibly lowering effectiveness. As such, a good
understanding of fatigue in chronic pain patients is crucial. The
aim of this review is to discuss the current knowledge on fatigue in
chronic pain, to provide conceptual clarification of fatigue, and to
develop a theoretical framework explaining fatigue in the context
of chronic pain. Based on this framework we discuss a new
research agenda and provide recommendations for clinical
practice.

2. What do we currently know about the interplay
between chronic pain and fatigue?
A systematic review21 investigating fatigue in various chronic pain
populations showed that nearly all studies found significant
associations between self-reported pain and fatigue and that
fatigue was more likely to occur if pain was more intense and
present for a longer time. Particularly interesting is that in 5 of the 6
prospective studies included, fatigue developed after pain onset,
suggesting that chronic pain might cause fatigue. To date, the
influence of (chronic) pain on fatigue has been mainly explained in
terms of so-called ego-depletion accounts. For example, it has
been hypothesized that the challenges associated with chronic
pain lead to depletion of self-regulatory resources, also referred
as self-regulatory fatigue.44 However, depletion accounts have
been criticized,61 and the precise mechanisms and temporal
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dynamics of the association between chronic pain and fatigue
remain poorly understood.54

3. The problem of defining fatigue
Fatigue is a complex multifaceted construct with a diverse
phenomenology comprising physiological as well as psychological states, and referring to perception as well as performance.
This complexity is reflected in the large diversity in available
definitions and the lack of a consensus definition. For instance,
fatigue has been called not only as an overwhelming sense of
tiredness/exhaustion and lack of energy associated with impaired
physical and/or cognitive functioning43 but also as an aversive
perception of growing effort needed to sustain a certain task or
action.55
In this review, we will not focus on physiological aspects, such
as muscle tiredness resulting from physical exertion,20 or
sleepiness, which is the mere consequence of an imbalance in
sleep-wake mechanisms.43 We will rather focus on the motivational component of fatigue. Going back to the seminal work of
Thorndike,49 fatigue is considered an adaptive signal urging
disengagement from current behavior of decreasing utility. From
this old but still valid perspective, fatigue does not necessarily
reflect depleted capacity or resources, but rather a motivational
state, or “stop-emotion”, protecting against inefficient energy
expenditure.26,36,55 In line with this and similar motivational
accounts,7,9,16,32 we propose defining fatigue as an aversive
motivational state urging disengagement from effortful behavior
of which the costs are currently estimated as exceeding the
benefits.

4. A motivational framework on fatigue in the context
of chronic pain
In designing our theoretical framework, we integrated motivational perspectives on fatigue7,9,16,26,32,36,55 and chronic
pain.14,18,44,51,52,59,64 Key in our framework (Fig. 1) is that the
balance between (expected) costs and benefits of current goal
pursuit signals whether one should maintain the behaviour or not.
When the benefits exceed the costs, this results in motivational
drive, promoting goal persistence. When the costs exceed the
benefits, the signal is perceived as fatigue, urging goal
adjustment. We propose that this costs–benefits trade-off is
affected by chronic pain through 3 pathways, namely (1)
increased effort to maintain goal-directed behaviour, (2) heightened pain (expectations) during goal pursuit, and (3) impaired
reward processing associated with goal-directed behaviour.
The first pathway describes what happens if chronic pain
hinders goal progress,17,39 but one nevertheless wants to uphold
goal-directed behaviour at a satisfying level. In that case, the
www.painjournalonline.com
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In the third pathway, we propose that chronic pain impairs
reward processing, which is mirrored, for example, in dysfunctional mesolimbic dopamine systems.5,48,65 Activation of dopaminergic pathways is also involved in subjective states of energy
and motivation, whereas failure to do so is associated with
fatigue.7 Although direct evidence is still lacking, a study in healthy
volunteers showed that when receiving a monetary reward was
accompanied with anticipation of experimental pain during a task,
cortical responses to the reward were attenuated.47 Impaired
processing of rewards is likely to reduce the weight of the benefits
associated with current goal-directed behaviour, and to induce
fatigue.

5. Towards a new research agenda

Figure 1. Self-regulation perspective on the effects of chronic pain on fatigue.
Costs–benefits analysis of current goal-directed behavior determines which
motivational signal is generated: fatigue, urging goal adjustment (GA) or drive,
promoting goal persistence (GP). The costs–benefits trade-off receives input
from 3 sources: (expected) reward, pain, and effort associated with current
goal pursuit. Chronic pain affects all 3 components, biasing costs–benefits
trade-off towards fatigue. In the right pathway, executive control is recruited to
counter the negative effect of chronic pain on goal progress. While this
suppresses pain during goal-directed behavior, continuing top–down control
is effortful. Moreover, chronic pain is associated with impaired executive
functioning. The middle pathway shows heightened pain (expectations) in
chronic pain patients. In the left pathway, we propose that chronic pain is
associated with impaired reward processing.

automatic tendency to stop or avoid the behaviour should be
overruled, and attention should be focused on the goal, which
requires recruitment of executive control.37 There is increasing
evidence for the involvement of executive control in suppressing
pain and pain-related automatic response tendencies.30,34
However, such top–down control is increasingly difficult to
maintain over time56 and therefore effortful,26,62 which adds to
the costs inducing fatigue.55 Ironically, chronic pain is associated
with compromised executive functioning,23,38,41 and lack of
attentional control over pain, as argued in affective-motivational
models of pain-related attention.15,33,34,53 What might further
worsen the situation is that chronic pain patients often get stuck in
largely unsuccessful pain regulation attempts, as pointed out in
the misdirected problem solving model.14,18,51 Ongoing fruitless
attempts to control pain demand continuing effort and thus might
be crucial in the development of persistent fatigue complaints.
The second pathway indicates that chronic pain is associated
with over-predicting the (expected) pain associated with maintaining goal-directed behaviours. Established pain theories on
fear-avoidance58 and catastrophic thinking45 argue that chronic
pain patients appraise pain in an excessively negative way,
resulting in heightened pain expectancies. Recently, models of
predictive coding and inferential decision-making have been
applied to understand why chronic pain patients have heightened
pain expectations and how this might shape actual pain
perceptions and guide action.24,40,63 We hypothesize these
processes to increase the weight of the costs associated with the
behaviour, and thus to induce fatigue. However, cognitive
factors, such as self-efficacy beliefs, might counteract the effects
of pain on the costs–benefits balance and could be protective
factors against the development of fatigue in chronic pain.29

Our framework generates several possible paths for future
research. We describe some examples. First, fundamental
studies could systematically examine how pain during task
performance may elicit various manifestations of fatigue, including difficulty to initiate or uphold goal-directed behaviour. One
hypothesis is that the experience of pain-related task interference
initially results in increased effort to uphold task performance,
enhanced executive control, and suppression of pain,8,22 but
gradually induces fatigue because of the increased demand of
effort. This may yield adaptive strategies, that is, lowering
performance standards, resulting in faster decline in performance. This hypothesis is intriguing, as it brings in a temporal
aspect, in which fatigue might moderate the effect of pain on
performance. Note that simple self-report measures will be
insufficient to measure fatigue as described in this review. We
recommend a mixed-method approach, adding behavioural
paradigms such as the Effort Expenditure for Rewards Task,50
and psychophysiological measures such as the amplitude of the
contingent negative variation or the error-related negativity (Ne/
ERN), which are well established in the fatigue literature and have
been shown to reflect motivational aspects of fatigue.6
Second, the proposed framework might shed new light on
commonly observed problems in chronic pain populations such
as cognitive dysfunction and attentional bias.23,38,53 Studies
typically look only at mean performance levels, neglecting
underlying processes such as shifts in motivation.6,28 We
recommend studying attention dynamics and fluctuations over
task course.31,57 Reduced physical activity in chronic pain
patients is often explained by fear-avoidance beliefs.58 Yet, it
has become clear that not all patients have “kinesiophobia”,14
and that reductions in activity levels are only partially accounted
for by fear-induced avoidance.52 We propose the alternative view
that reduced activity might reflect goal disengagement, triggered
by fatigue when goal pursuit becomes effortful and unrewarding.
This makes an interesting avenue for future research.
Third, our framework suggests ideas for future research about
the involvement of neurophysiological mechanisms. Regarding
brain circuits, a large processing network is conceivable because
the model comprises various aspects (executive functioning,
costs–benefits trade-off) known to be processed in many brain
regions. One specific region central for executive control is the
dorsolateral prefrontal cortex, which exerts top–down influence
over information processing and plays a role in downregulation of
pain.35 A brain area highly relevant for rewards–costs trade-offs
and decision-making is the anterior cingulate cortex, particularly
the dorsal part of this area, or the anterior midcingulate cortex.60
However, the model comprises complex functions and interactions, rendering it likely that the processes are mediated
through altered functional connectivity within an extended
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network of brain regions. On a neurochemical level, the
dopaminergic system is a likely candidate to be involved in the
processes described in the model.3 Fatigue is associated with
failed activation of dopaminergic pathways.7 Furthermore,
dopamine has been shown to mediate the interaction of reward
and pain48 and to bias behaviour either towards pain endurance
to consume a reward or towards pain avoidance at the cost of not
receiving a reward.4,5 Other neurotransmitter systems are likely to
be involved,27 but evidence is missing. Further studies are
needed to characterize the neurophysiological processes involved. Particularly, the idea that (chronic) pain may change the
utility of current goal pursuit, in terms of rewards–costs trade-off,
requires further investigation. Specifically, it should be tested
whether pain is an additional cost of action, possibly shifting
functional connectivity in the related brain circuits. Based on the
available literature, we hypothesize this to be mediated by
dorsolateral prefrontal cortex and anterior midcingulate cortex.

6. Potential treatment implications
Given that the hypothesized interactions between chronic pain and
fatigue await further empirical examination, specific recommendations for clinical practice may be premature. However, we speculate
about possible pathways toward better care for people with chronic
pain. For instance, it is likely that for fatigued chronic pain patients,
cognitive-behavioral interventions, such as exposure or graded
activity are very effortful, possibly predicting poor treatment response. Pain treatment protocols should consider such barriers,19
for example, by specifically targeting processes underlying fatigue
such as the rewards–costs balance of selected (treatment) goals. To
make behavior more rewarding despite the effort required to
maintain it when in pain, it is important to help patients selecting
valued but feasible goals, for example, using motivational interviewing.2 Furthermore, techniques aimed at improving self-regulation
skills, such as the use of action plans or implementation intentions,42
may help patients to reduce the effort required to pursue goals. It is
only recently that such motivational and self-regulation approaches
are explicitly added in pain treatment protocols,10 and their effect on
fatigue remains to be investigated.
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Is burning mouth syndrome a neuropathic
pain condition?
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Abstract
Primary burning mouth syndrome (BMS) is defined as an “intraoral burning or dysaesthetic sensation, recurring daily… more than 3
months, without clinically evident causative lesions” (IHS 2013). In addition to pain, taste alterations are frequent (dysgeusia,
xerostomia). Although lacking clinical signs of neuropathy, more accurate diagnostic methods have shown neuropathic involvement
at various levels of the neuraxis in BMS: peripheral small fiber damage (thermal quantitative sensory testing, electrogustatometry,
epithelial nerve fiber density), trigeminal system lesions in the periphery or the brainstem (brainstem reflex recordings, trigeminal
neurography, evoked potentials), or signs of decreased inhibition within the central nervous system (deficient brainstem reflex
habituation, positive signs in quantitative sensory testing, neurotransmitter–positron emission tomography findings indicative of
deficient striatal dopamine function). Abnormalities in electrogustatometry indicate the involvement of the small Ad taste afferents, in
addition to somatosensory small fibers. According to these findings, the clinical entity of BMS can be divided into 2 main subtypes
compatible with either peripheral or central neuropathic pain, which may overlap in individual patients. The central type does not
respond to local treatments and associates often with psychiatric comorbidity (depression or anxiety), whereas the peripheral type
responds to peripheral lidocaine blocks and topical clonazepam. Burning mouth syndrome is most prevalent in postmenopausal
women, having led to a hypothesis that BMS is triggered as a consequence of nervous system damage caused by neurotoxic factors
affecting especially vulnerable small fibers and basal ganglia in a setting of decrease in neuroprotective gonadal hormones and
increase in stress hormone levels, typical for menopause.
Keywords: Burning mouth syndrome, Clinical neurophysiology, Quantitative sensory testing, Neurpathic pain, Small fiber

neuropathy, Central pain

1. Introduction
In the most recent classification by International Headache
Society,21 burning mouth syndrome (BMS) is classified under
the header “Painful cranial neuropathies” and defined as an
“intraoral burning or dysaesthetic sensation, recurring daily for
more than 2 hours per day over more than 3 months, without
clinically evident causative lesions.” The pain is moderate to
severe, similar to tooth ache in intensity but has a distinct
superficial, burning character and is often accompanied by taste
alterations and xerostomia (in 50% to 70% of the patients).31 The
tip of the tongue is most frequently affected, but any part of the
intraoral mucosa may be involved. The estimates of population
prevalence of BMS range considerably, from 0.01% to 40%, but
in more recent well-controlled studies using current diagnostic
criteria, it has been estimated to be less than 1% to 3.7%.31
Prevalence of BMS is highest in postmenopausal women (18%),
and reported female-to-male ratios range from 3:1 to 20:1.31
Many patients with BMS report night benefit; the pain does not
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disturb sleep and is better in the morning, getting worse during
the day.31 By definition,21 clinical investigations and clinical
sensory examination, without quantitative psychophysical measures, are normal and thus, BMS does not seem to fit the current
IASP definition of neuropathic pain, which arises as a direct
consequence of a lesion or disease affecting the somatosensory
system, with both symptoms and clinical signs within a neuroanatomically plausible distribution.12 Thus, there seems to be
a discrepancy between the IHS classification of BMS as a painful
cranial neuropathy and the IASP definition of neuropathic pain.
Nevertheless, research done on BMS during the last 2 decades,
using strict clinical diagnostic criteria for primary BMS and
sophisticated diagnostics with clinical neurophysiologic, psychophysical, and neuropathological tools as well as functional brain
imaging, has revealed neuropathic involvement at various levels
of the neuraxis in the majority of the patients with BMS [reviewed
in detail in: Ref. 26,31].
In the following section, the existing evidence for neuropathic
etiology of primary BMS will be summarized.

2. Evidence for neuropathic involvement in burning
mouth syndrome
2.1. Peripheral nervous system in burning mouth syndrome
Brainstem reflex recordings, mediated via large myelinated Ab
afferents have shown signs of damage in the trigeminal nerve or
its brainstem circuits in approximately 20% of clinically typical
primary patients with BMS.13,26,27 This subgroup of patients with
BMS represents subclinical trigeminal neuropathic pain without
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clear clinical signs, which is compatible with the poor diagnostic
sensitivity of clinical sensory examination, especially at chronic
stage after nerve injury.25,30,44,45
Thermal quantitative sensory testing (QST) and tongue
mucosal biopsies have further elucidated the peripheral nervous
system involvement in BMS pain. The majority (76%13) of patients
with BMS show hypoesthesia in thermal QST, especially to
innocuous cooling and warming and, to a lesser extent,
hypoalgesia.13,15,22,38,42 Quantitative sensory testing profiles in
patients with BMS thus very much resemble those reported in
a large cohort of different neuropathic pain conditions.35 These
loss-of-function signs in thermal QST of patients with BMS have
later been shown to be due to focal damage of the small nerve
fibers of the tongue epithelium.4,33,38,47 In individual patients with
BMS, overlap between large and small fiber pathology may
occur.13,31,33 Furthermore, abnormalities in electrogustatometry
suggest that pathophysiological process in primary BMS involves
the small Ad taste afferents as well,11,16,24,37 giving explanation to
frequent taste alterations in these patients. Of interest is that in
BMS, the Ad cool afferents seem to be more often impaired than
C fibers,13,38 indicating an imbalance within small fiber input to
the central nervous system. As the cool Ad fibers exert a tonic
inhibition of the polymodal C nociceptor signaling in normal
conditions,9 this kind of more severe damage to the Ad fiber
system with relative preservation of C fiber function could lead to
ongoing burning pain sensation because of unmasking or
disinhibition of the system, in BMS26 similarly as in central pain.9
In addition to loss-of-function in thermal modalities, QST has
shown gain-of-function in a small proportion of patients with BMS
either in the form of decreased heat pain tolerance15,17 or heat
pain hyperalgesia and allodynia.13,16 Likewise, brainstem reflex
recordings have objectively shown disinhibition of the trigeminal
brainstem complex in the form of deficient habituation of the blink
reflex R2 component in approximately 1/3 of the patients.13,27,36
As blink reflex habituation is under descending nigrostriatal
dopaminergic control,3 neurotransmitter–positron emission tomography (PET) studies have been conducted to elucidate
possible central dopaminergic system pathophysiology in BMS.
These were intended to test the hypothesis of deficient striatal
dopaminergic top–down inhibition as a major trigger of neuropathic orofacial pain.18,19,26,28,29 The results, together with other
converging evidence for central nervous system (CNS) involvement in primary BMS will be dealt with in the next part.
2.2. Central nervous system in burning mouth syndrome
Changes typical for neuropathic or central pain have been shown
in BMS with functional brain imaging methods (for detailed
review, c.f.31). Patients with BMS show less volumetric brain
activation in fMRI to painful hot stimuli than control subjects,
especially in bilateral thalamus,1 which is similar to functional
brain imaging findings in other neuropathic pain conditions
because of deafferentation of the somatosensory pathways.2
Neurotransmitter PET studies on the striatal dopamine system
with fluoro-DOPA and 11C-raclopride scans indicate a decrease
in synaptic dopamine levels in patients with BMS compared to
controls.18,28 The PET findings in BMS are similar to those in early
Parkinson disease,20 in which central type neuropathic pain is
rather common, and the incidence of BMS has been suggested
to be increased compared to general population.7,8,36,39 Our
neurophysiologic and neurotransmitter PET findings in BMS gave
the first direct evidence in humans for the important role of basal
ganglia, and especially the brain dopaminergic network in
processing and modulation of clinical pain,18,19,28 which has
29
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later been further corroborated in several reviews.5,23,26,31
Experimental evidence supports the connection between the
striatal DA system and trigeminal pain, as lesioning of the
nigrostriatal DA pathway has been shown to induce allodynia
within the trigeminal distribution.10
Furthermore, the genetically determined function of the
dopamine D2 receptors (DRD2) via the DRD2 957C . T singlenucleotide polymorphism has been shown to be related to the risk
for and symptom severity in neuropathic orofacial pain, including
BMS.29 The prevalence of the homozygous 957 TT genotype,
associated with low synaptic dopamine levels in the striatum, is
increased (50%) in patients with neuropathic orofacial pain
compared to general population (27%), and patients with this
genotype report the highest pain intensities in NRS scores.29
In addition to psychophysical and neurophysiological methods, peripheral lidocaine block of the lingual nerve can be used to
cluster patients with BMS into 2 distinct subgroups. The
peripheral subgroup demonstrates good analgesic response to
local anesthesia, whereas the central subgroup shows no
response or even hyperalgesia after peripheral nerve block.16
This easy procedure also seems to be able to predict the
response to topical clonazepam treatment that was beneficial
only in the peripheral subgroup of patients with BMS.16
Furthermore, the central subgroup showed higher scores in
hospital anxiety and depression scores.
Psychiatric comorbidity in patients with BMS is recognized and
currently often considered a secondary, nonspecific phenomenon
frequently encountered in patients with chronic pain.14 However,
most studies on psychological factors in BMS have applied
questionnaires that cannot be used for proper psychiatric
diagnostics. A novel explanation for psychiatric morbidity in BMS
has been presented in a thorough study on patients with BMS
utilizing structured psychiatric interviews, giving current (state) and
lifetime (trait) diagnoses for both psychiatric (axis I) and personality
(axis II) disorders.43 According to this study, patients with BMS
seem to suffer only of psychiatric conditions attributed to low-brain
dopamine tone: major depression and social phobia were found in
55% of the patients with BMS, and type C (fearful/neurotic)
personality in 16% of the patients with BMS.43 Similar psychiatric
profile has also been found in a BMS study using questionnaires.16
Thus, inherent or induced weakness of brain dopamine system
may offer a common pathway to both chronic neuropathic pain
and comorbid psychiatric disorders.26,31,43
Further support to the dopamine hypothesis of BMS pain
comes from noninvasive brain stimulation studies showing that
repetitive transcranial magnetic stimulation, by initially releasing
dopamine in the striatum40,41 thereby activating the endogenous
opioid system,32 also effectively relieves BMS pain.34,46

3. Discussion
Current converging evidence from several lines of investigations,
covering neural pathways from the epithelial nerve fibers to the
brain, indicates that clinically typical BMS, in the majority of cases,
is a chronic neuropathic pain condition, consisting of 2 main
subgroups, peripheral and central. These conditions are subclinical, as they do not show evident clinical signs of neuropathy
and thus, they can be correctly identified and classified only by
means of neurophysiologic, psychophysical, and neuropathological investigations. Peripheral lingual nerve lidocaine
blocks may also help in classifying the patients with BMS into
peripheral and central subgroups, but this method should still be
validated against thorough neurophysiologic, psychophysical,
and neuropathological diagnostics. The first BMS subgroup
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involves subclinical peripheral neuropathic pain, caused either
by more extensive yet subclinical trigeminal neuropathies
and trigeminal brainstem lesions, or by pure small fiber
neuropathy of the intraoral mucosa with loss-of-function signs
in confirmatory tests. The local small fiber type of BMS might also
fit in the entity of nonlength-dependent small fiber neuropathy that
is more prevalent in women than men and shows a patchy
distribution that may cover, for example, face or trunk.6 The other
subgroup consists of central BMS with neurophysiologic and
neurotransmitter PET signs, indicating low-brain dopamine
tone and increased prevalence of psychiatric comorbidity
and, sometimes, additional gain-of-function signs in QST. In
individual patients, these subtypes, peripheral and central, may
overlap with different combinations of loss- or gain-of-function
signs.26,31
Profile of comorbid psychiatric disorders in patients with BMS
is interesting, especially regarding the PET findings of low striatal
dopamine tone in these patients. Weak top–down inhibitory
control via endogenous dopamine–opioid axis and basal ganglia
circuits could represent shared vulnerability both to depression,
anxiety as well as type C personality disorders, and to chronic
neuropathic pain. Accordingly, for example, neuropathic pain and
depression would not be causal to each other but, instead, result
from common predisposition because of low-brain dopamine
tone, genetic or acquired, in the presence of neuropathic
involvement of the peripheral and/or CNS.26,31,43
Recently, a novel hypothesis has been proposed to encompass various pathophysiological processes leading to BMS and
to explain open questions regarding, for example, gender
differences and age distribution of patients with BMS.31 Four
key features of BMS have to be taken into account: (1)
preponderance of postmenopausal women, (2) type of psychiatric comorbidity, (3) oral location of the symptoms, and (4)
peripheral and CNS abnormalities found in confirmatory tests. In
short, chronic anxiety/depression with stress-related alterations
in adrenal steroid physiology and/or drastic menopausal changes
in gonadal hormone levels lead to significant decrease in
neuroprotective steroids (eg, dehydroepiandrosterone).48 In the
presence of neurotoxic influences, this reduction in neuroprotective and neuroregenerative capacity induces preferential
damage of small Ad fibers (dependent on dehydroepiandrosterone in maintenance), and nigrostriatal DA neurons, both of
which are especially vulnerable to internal and external toxic
agents. These factors alone or in combination with genetically
weak top–down inhibition via DA–opioid axis can then eventually
cause clinical BMS phenotype with peripheral, central or
combined neuropathic features (for detailed discussion, c.f.31,48).
In addition, it is noteworthy that in neurophysiologic investigations, approximately 20% of clinically typical patients with
BMS show subclinical trigeminal system pathology; for example,
subclinical lingual of mandibular nerve injuries or brainstem level
lesions. From the existing literature, it is obvious that clinical
sensory examination does not provide tools sensitive and
accurate enough for the diagnostics and classification of
neuropathic orofacial pain.25,26,30,31,44,45 It may thus be argued
that the current definition of neuropathic pain, requiring neuroanatomically plausible symptoms and clinical signs in addition to
confirmatory tests for definite diagnosis of neuropathic pain,12 is
not appropriate, as it does not recognize subclinical neuropathic
pain conditions. Furthermore, it currently does not accept results
of confirmatory tests alone as evidence for neuropathic nature
of the pain.12 Nevertheless, for example, pure small fiber
neuropathies and neuropathies within the orofacial region, where
clinical sensory examination may be especially difficult, are

challenging to diagnose with traditional clinical tools only. In the
definition of neuropathic pain, a shortcut from symptoms to
neurophysiologic, psychophysical, neuropathological, and/or
functional brain imaging findings, bypassing the requirement of
neuroanatomically plausible clinical signs, could thus provide
a reasonable way to establish definite diagnosis of neuropathic
pain in conditions such as BMS. In addition, the distribution of
symptoms and signs in nonlength-dependent small fiber
neuropathies6 and central pain conditions due to basal ganglia
disorders7,9 does not comply with classic peripheral or central
neuroanatomical distributions, which should be taken into
account when defining criteria for neuropathic pain. Accordingly,
taking into account the existing evidence for neuropathic etiology
of BMS, the current IHS classification of BMS under painful cranial
neuropathies21 seems most appropriate.
Correct diagnostics and classification of the 2 neuropathic
subgroups of BMS, peripheral and central, is important, as this
may in the future guide the choice of the best treatment on
individual patient level. Patients with signs of peripheral neuropathic BMS pain could benefit from topical treatments, for
example, with clonazepam or capsaicin, while pain in central
BMS may best be alleviated by boosting the endogenous
top–down control via brain dopamine–opioid axis with noninvasive neuromodulation techniques such as repetitive transcranial magnetic stimulation or with dopaminergic medications.
Furthermore, signs of pure small fiber neuropathy in patients with
BMS imply systematic investigation of possible etiologies for
small fiber neuropathy, some of which may be curable. These
options warrant further studies, controlled with appropriate and
sensitive diagnostic methods.
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[13] Forssell H, Jääskeläinen S, Tenovuo O, Hinkka S. Sensory dysfunction in
burning mouth syndrome. PAIN 2002;99:41–7.
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O, Teerijoki-Oksa T, Jääskeläinen SK. Peripheral nervous system
involvement in primary burning mouth syndrome—results of a pilot
study. Oral Dis 2016;22:338–44.
Sandyk R, Bamford CR, Iacono R. Pain and sensory symptoms in
Parkinson’s disease. Int J Neurosci 1988;39:15–25.
Strafella AP, Paus T, Barrett J, Dagher A. Repetitive transcranial magnetic
stimulation of the human prefrontal cortex induces dopamine release in
the caudate nucleus. J Neurosci 2001;21:157.
Strafella AP, Paus T, Fraraccio M, Dagher A. Striatal dopamine release
induced by repetitive transcranial magnetic stimulation of the human
motor cortex. Brain 2003;126:2609–15.
Svensson P, Bjerring P, Arendt-Nielsen L, Kaaber S. Sensory and pain
thresholds to orofacial argon laser stimulation in patients with chronic
burning mouth syndrome. Clin J Pain 1993;9:207–15.
Taiminen T, Forssell H, Tenovuo O, Virtanen A, Jääskeläinen SK.
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FACT SHEET No. 2

Current Status of Pain Education and Implementation
Challenges
Education in pain management continues to be a low priority in health professional curricula despite
decades of research documenting unmet global needs. The 2016 Global Burden of Disease Study shows
that persistent pain is a major and increasing cause of morbidity and disability worldwide [9]. Pain is one
of the most common reasons patients seek a health-care professional; therefore, our graduates must
possess the requisite knowledge and skills to be competent [3,4,10].
Challenges
Preclinical health professions training in pain management falls far below recommended standards in
high-resource countries based on well-validated survey studies (2,7,8,12). The status of pain education
in low-resource countries is unknown, but glaring deficits in pain management underscore a dire
situation that demands greater effort [6]. Despite extensively developed and freely available curriculum
resources, adoption of pain content into entry-to-practice programs is agonizingly slow. Until now, most
health professionals have learned pain management only through an “informal curriculum” in clinical
settings that perpetuate a culture of stigma and inadequate pain care practices.
Many health professionals feel unprepared to manage complex pain issues, particularly where
comprehensive treatment is required (11). Critically, summative assessment of competency in pain
management is not currently required for licensure of most health professionals (13).
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Safe, proficient, and compassionate pain management will not happen without pain education for all
health professionals. Therefore, two questions need to be addressed: What barriers are limiting
integration of pain content in health sciences curricula, particularly at the prelicensure (undergraduate)
level, and what resources are available?
Resources and Strategies
Challenges hindering the adoption and implementation of pain curricula and competencies are not well
understood, but one factor is the lack of competency standards for licensure [11]. Changes in
professional certification, and in pain education, have lagged far behind improved regulatory standards
[1]. Teaching challenges in classrooms and clinical training sites remain obstacles as well. These
challenges include curriculum models and priorities that do not address pain, insufficient faculty
qualifications and lack of confidence in teaching about pain, and inconsistent opportunities for
interprofessional learning [11].
Fishman and Young propose focusing on organizations with the influence to require pain content in
health science curricula [3]. The Global Year “Prospectus to Promote Professional Pain Education” [link]
can initiate a discussion with stakeholders with the appropriate authority. This document includes
strategies to help regulatory and licensing bodies and accreditors understand the importance of
endorsing core pain content and competency evaluation in health science curricula. Hospital
accreditation standards, such as the Joint Commission’s Pain Standards, contain a powerful message
that providers must be educated about pain [1]. Influencing professional bodies to include and increase
required pain competencies in entry-to-practice licensing and maintenance of certification may have the
greatest impact on pain education and clinical practice [13].
x

x
x

Curriculum resources, such as the examples below, are available to help change traditional
models that focus on pain as a symptom. The nociceptive processing system has protean
impacts on clinical care and human experience far outstripping any significance as a subsystem
of the sensory nervous system.
Core pain competencies and curricula have been developed and tested, and these may be used
as a basis for application in various health professional curricula.
Curriculum mapping involves the process of examining content to identify the actual pain
content faculties are addressing in order to address gaps, redundancies, and coherence. These
data can help underscore the issue. For example, comparisons with veterinary medicine
curricula stimulated discussions about why pets receive care from practitioners more qualified
in pain management [13].
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x

x

x

x

Although faculty have not felt competent in teaching pain content, they have been described as
the “ultimate resources of all educational institutions” and as “agents of knowledge
transmission and role models” [4]. Attendance at professional conferences, engagement,
recruitment, and collaboration to integrate pain content as a component of other topics, such as
metabolic disorders or cardiovascular conditions, is essential to advance pain education.
Fostering mentoring relationships with colleagues in academic and clinical settings encourages a
shared understanding of pain and supports best practice modelling for students. Finding and
working with local pain champions who are motivated to improve pain care and education can
ensure efforts have positive outcomes.
Stakeholder models can help identify key individuals in order to develop strategies to gain their
support. Stakeholders to consider are deans, curriculum coordinators, librarians, pain experts,
education design experts, clinicians, and patients.
Effective pain management requires collaborative approaches that exceed the expertise of any
one profession, so it is important to create interprofessional group learning opportunities.
Students need to understand one another’s expertise, both shared and unique, that is essential
to interprofessional and multiprofessional pain management.

Resource Examples
A. Interprofessional Pain Curriculum and Core Pain Competencies



International Association for the Study of Pain (2017). IASP Curricula.
Fishman S, Young H, Arwood E, Chou R, Herr K, Murinson [Hogans] B, Watt-Watson J, Carr D,
Gordon D, Stevens B, Bakerjian D, Ballantyne J, Courtenay M, Djukic M, Koebner I, Mongoven J,
Paice J, Prasad R, Singh N, Sluka K, Marie B, Strassels S. (2013). Core Competencies for Pain
Management: Results of an Interprofessional Consensus Summit. Pain Med 14, 971-981.

B. Strategies to encourage regulatory/licensing bodies and accreditors


Prospectus to Promote Professional Pain Education [link]

C. Strategies to identify stakeholders and build capacity for change



Example of a practice model for building capacity for community and system change

D. Advancing pain education and mentoring utilizing SMART goals approaches to foster change*
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In the next 3 months

In the next 6 months

In the next year

*Adapted

57.

Meet for at least 10 minutes with one person responsible for education at
your institution to learn about their priorities
Spend one hour with colleagues who teach in your institution discussing
possibilities for pain content integration within your institutional culture
Contact a colleague to plan inter-institutional education collaboration or
offer opportunities for shared teaching of similar pain topics.
Attend a health professions education conference to acquire the
language of teaching innovations useful for pain education. In follow-up
to attending this meeting, build one new teaching alliance on the premise
that pain is an opportunity to teach transferable skills in professionalism;
e.g., shared-decision making, patient-centered communication skills,
chronic disease models, and safe prescribing
Offer to spend one hour teaching a topic that others might view as
burdensome but which has important implications for pain care; e.g.,
chronic pelvic pain, non-cardiac chest pain
Identify and contact one colleague who teaches in a related field to
brainstorm about creative opportunities to bring pain into the discussion
and discuss related modules that others have taught successfully
Identify two seminal resources about new approaches to teaching (e.g.,
simulation, teachable moments) and assessment (e.g., formative
assessment, script concordance, pain competencies); share with three
others
Read and respond to recommendations and standards for pain education:
IASP, Joint Commission, WHO, others; write a short blurb for your
institutional media, tweet, or give one media interview
Mentor two people in pain education and seek the guidance of a mentor
with more pain and teaching experience
Use multidimensional evaluation methods to examine outcomes and
determine success or need for change in one educational intervention

from Watt-Watson J, Murinson [Hogans] B. Current challenges in pain education. Pain Management 2013; 3(5): 351-
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