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Abstract
Chronic pain is common in patients with neurologic complications of a central nervous system insult such as
stroke. The pain is most commonly musculoskeletal or related to obligatory overuse of neurologically unaffected
limbs. However, neuropathic pain can result directly from the central nervous system injury. Impaired sensory
discrimination can make it challenging to differentiate central neuropathic pain from other pain types or
spasticity. Central neuropathic pain may also begin months to years after the injury, further obscuring recognition of its association with a past neurologic injury. This review focuses on unique clinical features that help
distinguish central neuropathic pain. The most common clinical central pain syndromesdcentral poststroke
pain, multiple sclerosiserelated pain, and spinal cord injuryerelated paindare reviewed in detail. Recent
progress in understanding of the pathogenesis of central neuropathic pain is reviewed, and pharmacological,
surgical, and neuromodulatory treatments of this notoriously difﬁcult to treat pain syndrome are discussed.
ª 2016 Mayo Foundation for Medical Education and Research
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he International Association for the
Study of Pain deﬁnes neuropathic pain
as pain originating from a lesion or disease of the somatosensory nervous system.1 Clinicians most commonly encounter neuropathic
pain stemming from impairment within
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peripheral nervous system pathways (eg, painful
peripheral neuropathy, radiculopathy, complex
regional pain syndrome, postherpetic neuralgia).
Less commonly, neuropathic pain can develop
from disease affecting the brain, brainstem, or
spinal cord. This disorder is termed central
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neuropathic pain. Central neuropathic pain can
result from any type of injury to the central nervous system (CNS) including vascular (ischemic
or hemorrhagic), infectious (abscess, encephalitis, myelitis), demyelinating, traumatic (brain
or spinal cord), or neoplastic disorders. It can
also result from syrinx formation in the spinal
cord or brainstem. However, central neuropathic pain is most commonly a sequela of
stroke (central poststroke pain [CPSP]), multiple
sclerosis (MS), or spinal cord injury (SCI).
There are unique challenges in distinguishing
central neuropathic pain from musculoskeletal or
peripheral neuropathic pain in patients who are
neurologically impaired. Additionally, central
neuropathic pain often occurs months or years after the original CNS insult and at a time when a
patient’s medical care may have transitioned
back to their primary care physician and away
from specialty care. Finally, central pain is very
challenging to treat and may not respond to pharmacological agents routinely used for peripheral
neuropathic pain. As such, it is important for primary care physicians, as well as specialists, to be
familiar with the distinguishing features of central
neuropathic pain and its unique treatment
options.
DISTINCTION BETWEEN CENTRAL
NEUROPATHIC PAIN AND CENTRAL
SENSITIZATION
Central neuropathic pain syndromes should not
be confused with central sensitization, which is a
sequela of chronic pain. Central sensitization refers to a situation in which chronic nociceptive
afferent input from a peripheral pain generator
causes reversible (“plastic”) changes of central
nociceptive pathways (up-regulation or “windup”) such that nonpainful peripheral stimuli
are interpreted as painful (allodynia) and painful
peripheral stimuli (eg, pinprick) are interpreted
as overly painful (hyperalgesia). In contradistinction, central neuropathic pain refers only
to pain that results directly from the CNS injury.
Central sensitization from chronic peripheral
neuropathic pain generators should not be
labeled as central pain syndrome.
PAIN IN NEUROLOGICALLY IMPAIRED
PATIENTS
Pain is common in patients who are neurologically impaired, but it is usually not central neuropathic pain. For example, after a stroke, 11% to
Mayo Clin Proc. n March 2016;91(3):372-385
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55% of patients will experience chronic pain,
but it is frequently musculoskeletal nociceptive
pain as a consequence of impaired mobility putting a greater burden on nonimpaired limbs.2
Musculoskeletal shoulder pain in patients with
arm paresis is particularly common (30%-40%
of patients) following stroke.3,4 Patients with
gait disorders from CNS insults often experience
knee, hip, and low back pain from altered mechanics, and patients who are wheelchair bound
are at risk for low back pain and upper limb overuse syndromes (up to 75% of patients with
SCI).5 In MS populations with chronic pain,
nociceptive pain from low back and musculoskeletal joint pain is common (20%-40% of
patients)6-8 and at least as common as central
neuropathic pain.9 In patients with SCI, musculoskeletal pain is the most common type of pain
(50%-70% of those with pain),9,10 but it is also
less severe or limiting than the less prevalent central neuropathic pain.9 Of course, patients can
have multiple pain generators. In SCI cohorts,
it has been well recognized that most patients
with central neuropathic pain also have superimposed nonneuropathic pain contributors
(musculoskeletal or visceral).9,11 Comorbid
noncentral pain types have also been found to
be common in CPSP and MS pain cohorts.8,12,13
In neurologically intact patients, distinguishing these musculoskeletal pain types from
a neuropathic pain etiology may seem straightforward. However, in patients with impaired
discriminatory sensation, pain descriptors are
frequently vague and localization and pain
triggers are poorly deﬁned.9,14 Further, clinical
examination in the ofﬁce may be challenging
in patients who are wheelchair bound or have
severe mobility limitations. Ancillary testing
and imaging may be necessary if the diagnosis
remains in question.
Spasticity (increased tone- and velocitydependent resistance to movement in the
neurologically affected limb) is also a common
consequence of CNS lesions and often leads to
symptoms of tightness, stiffness, or discomfort
in the neurologically affected limb. Central
neuropathic pain will have obligatory accompanying sensory deﬁcits that may help distinguish it from spasticity, but when spasticity
occurs in a limb with central motor and sensory deﬁcits, the distinction can be difﬁcult.
All patients with possible central pain should
have the tone of the neurologically affected
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limb assessed to assure that poorly controlled
spasticity is not a major contributor to the
limb pain. Spasticity is tested by rapid passive
movement of the affected limb. For the upper
limb, the examiner takes the patient’s hand and
rapidly supinates an initially pronated hand or
rapidly ﬂexes and extends the patient’s elbow.
Substantial resistance to the movement indicates
spasticity. In testing the lower limb, the patient is
supine and the examiner rapidly lifts a relaxed
knee off the bed. When there is no spasticity,
the knee will ﬂex easily and the heel will drag
up the bed. Resistance to knee ﬂexion causing
the foot to come off the bed indicates lower
limb spasticity.
CENTRAL NEUROPATHIC PAIN
CHARACTERISTICS
Pain Descriptors and Differentiation
Common neuropathic pain descriptors include
burning, uncomfortable cold, prickling, tingling,
pins-and-needles, stabbing, shooting, lancinating, tight, swollen, and squeezing sensations
that are distressing. Chronic itching in the region
of a neurologic deﬁcit can also be a neuropathic
pain equivalent. Importantly, although these descriptors suggest a neuropathic pain etiology,
they are not speciﬁc for neuropathic pain and
are frequently used in some common musculoskeletal pain syndromes as well. For example,
burning is a common descriptor for both neuropathic pain and trochanteric bursitis. In a study
of patients with SCI who are at high risk for
both musculoskeletal pain complications from
limited mobility and central neuropathic pain,
pain descriptors were insufﬁcient to differentiate
central neuropathic from musculoskeletal nociceptive pain.15 As such, the presence of one of
these descriptors does not prove a neuropathic
pain etiology, and the absence of one of these
descriptors does not fully exclude it.
Several neuropathic pain scales have been
developed to screen populations for the presence of neuropathic pain of any type or etiology
(the Neuropathic Pain Questionnaire16 and the
Leeds Assessment of Neuropathic Symptoms
and Signs17) and for categorizing subtypes of
neuropathic pain (the Neuropathic Pain Symptom Inventory18 and the Neuropathic Pain
Scale19), but even these scales are limited in
sensitivity and speciﬁcity, generally in the range
of 70% to 85%. Although less common, the
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presence of allodynia or hyperalgesia is very speciﬁc for neuropathic pain. Neuropathic pain descriptors do not distinguish central from
peripheral nerve pain generators. For example,
neuropathic pain developing in the arm and
hand of a patient with hemiparesis from a stroke
could represent central neuropathic pain or
alternatively result from a compressive mononeuropathy. History and examination should
differentiate these disorders, but clinical descriptors of the pain will not.
Central neuropathic pain can be continuous,
occur suddenly and without warning (paroxysmal), be evoked by mechanical touch or temperature stimuli, or can manifest as some
combination of these factors (most common),
irrespective of where the lesion occurs in the
CNS or the cause of the CNS dysfunction. Similarly, pain can be deep, superﬁcial, or both.14
Central neuropathic pain is usually moderate
to severe in intensity and functionally
limiting.12,13,20-23 As in other chronic pain types,
adverse effects on mood and sleep (87% and
50%, respectively, in patients with CPSP) are
common in all central pain syndromes.9,13,22-25
Temporal Onset
The onset of central neuropathic pain is highly
variable. In patients with stroke, central pain
may occur at stroke onset, but there is usually a
delay of weeks to months and sometimes years
(Table 1).14,20,26 Central poststroke pain has
been reported 3 or more years after the original
stroke,14,27 although given the risk of recurrent
strokes in patients with prior cerebrovascular disease that could be unrecognized in a patient with
severe residual deﬁcits from their original infarction, it is possible that some of these rare, very
late-onset CPSP cases are related to unrecognized
new infarctions.2 The prevalence of silent
ischemic strokes is estimated at 6% to 28%,
with a higher prevalence with increasing age.28
Pain can be a presenting feature of MS
(either alone, as in cases of trigeminal neuralgia
[TN], or in combination with other neurologic
deﬁcits) in 5.5 % to 10% of all patients with
MS.29-32 When pain is part of the presenting
constellation of MS symptoms, chronic and
central pain are more likely in the future.30
The longest average latency to the development of central pain occurs in patients with SCI.
In almost half of patients with SCI who have
development of radiating neuropathic pain at
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TABLE 1. Temporal Onset of Central Poststroke Paina,b
Stroke type
All types20
Thalamic strokes26
Lateral medullary infarctions14

At time of
stroke (%)

Within 1
mo (%)

NR
18
14

62
38
29

At 1-3 mo
(%)

At 4-6 mo
(%)

At 6-12 mo
(%)

At >1 y
(%)

12
7

19
6
7

NR
11
NR

19c
15
43

NR ¼ not reported.
Central poststroke pain may occur several years after the implicated stroke. This feature is consistent with the long delay in the onset of
multiple sclerosiserelated and postespinal cord injury central pain syndromes.
c
Nineteen percent presented between 1 and 6 months and the study did not break down these time epochs.
a

b

the level of the injury (“at-level pain”), it develops
within 3 months but can present up to 5 years after SCI, and the mean time to the development of
at-level neuropathic pain is 1.2 years.9 Central
neuropathic pain below the level of the SCI
(“below-level pain”) can be seen within 3 months
of the injury, but more than half of patients who
experience below-level pain have onset more
than 2 years after the injury.9
Obligate Sensory Deﬁcits
Although intuitive, for pain to be classiﬁed as a
central pain syndrome, it must occur in the
body region clinically affected by the CNS insult.
Importantly, the pain need not involve the entirety of the neurologically affected region; it
can involve just a portion of it. Nonaffected
limbs are prone to overuse pain syndromes
that can be musculoskeletal or peripheral neuropathic. Again, these are not central pain syndromes. Central neuropathic pain stems from
impairment within somatosensory pathways.
Spinothalamic tract dysfunction (pinprick and
temperature) appears to be a near-obligate
requirement pathophysiologically for the development of central neuropathic pain. Patients
with a possible central pain syndrome should
be examined to determine whether there is
impaired pinprick and/or temperature sensation
(indicating spinothalamic tract dysfunction) in
the neurologically affected painful limb. If
pinprick and temperature sensations are normal,
it is unlikely that the limb pain is due to a central
pain syndrome, and alternative etiologies should
be considered.
SPECIFIC CENTRAL PAIN SYNDROMES
Central Poststroke Pain
Each year, almost 795,000 strokes occur in the US
population,28 with an incidence rate of 3.73 per
Mayo Clin Proc. n March 2016;91(3):372-385
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1000 person-years.33 Stroke is one of the top 5
causes of death in the United States34 and is
responsible for 1 in 20 deaths.28 Stroke is also
one of the leading causes of disability in the
United States.35 Because the prevalence of stroke
far exceeds that of MS, SCI, or other CNS insults,
CPSP is the most common form of central neuropathic pain.36,37 Considering all stroke locations
and types, the overall incidence of CPSP is 2%
to 8%.20,38 A Danish population-based study
that screened all patients with stroke (of any
type or location) in a single calendar year found
that despite 40% having evidence of chronic
pain 4 years after their stroke, only 7.3% had
CPSP.12 Of all patients with strokes that include
somatosensory deﬁcits, 18% have development
of CPSP.20
By absolute numbers, most cases of CPSP
are seen following ischemic stroke simply
because approximately 80% of all strokes are
ischemic.39 The risk of CPSP is similar for
ischemic or hemorrhagic stroke. Stroke location
is more important to the risk for CPSP than
stroke etiology, with thalamic and lateral medullary strokes having the highest incidence of
CPSP.21,37,40 The thalamic pain syndrome, as
described by Dejerine and Roussy,41 is the
classic example of a type of CPSP. However,
most cases of CPSP are from nonthalamic
strokes.14,20,42
Thalamic infarctions represent 25% to 33%
of all cases of CPSP.20,42 One meta-analysis
found the frequency of CPSP development after
thalamic infarction to be 11% overall but higher
(almost 25%) when the ventral posterior nuclei
were affected.26 Thalamic CPSP does not appear
to develop with infarctions of the median and
centromedian thalamic nuclei.14
Lateral medullary strokes (Wallenberg syndrome) also have a high incidence of CPSP
(25% at 6 months).21 These strokes affect
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TABLE 2. Pain Types Following Spinal Cord Injury
Nociceptive pain
Musculoskeletal paindjoint pain, axial spine pain, overuse syndromes, muscle
spasms
Visceral paindeg, complications of neurogenic bowel and bladder
Other nociceptive paindeg, headache or skin ulcer
Neuropathic pain
At-level neuropathic paindneuropathic pain within the dermatomes at the level of
the SCI; pain from nerve root or dorsal horn injury from the SCI
Below-level neuropathic painda central pain type
Other neuropathic paindneuropathic pain unrelated to the SCI, eg, from
compressive mononeuropathies or painful diabetic neuropathy
Other or unknown pain typedeg, ﬁbromyalgia, interstitial cystitis

spinothalamic and trigeminothalamic pathways, causing abnormal pain and temperature
sensation in the ipsilateral aspect of the face
and contralateral portion of the body, as well
as hoarseness, dysphagia, ipsilateral Horner
syndrome, and vestibular symptoms. Central
pain syndromes in patients with lateral medullary infarction therefore affect the ipsilateral
aspect of the face and/or the contralateral
portion of the body.43
Some studies have suggested that CPSP is
more likely in younger patients who experience
stroke21,26,37 (median age of 58-67 years
compared with greater than 65 years in threequarters of the general stroke population). Others
have not found younger age to be a risk factor.2,20
In one of the largest studies of thalamic CPSP,
right-sided infarctions were more commonly
associated with CPSP than left-sided infarctions,
a ﬁnding believed to be consistent with evidence
that the right hemisphere is important in pain
mediation and body image representation.26
Stroke laterality has not been found to be a risk
factor in other stroke subtypes.2,20,21
SCI Pain
Spinal cord injury is characteristically a disease of
young adults, with a median age at the time of
injury of 28.7 years. However, data accumulated
since 2000 suggest an increase to 38 years,
consistent with the right shift in the age of the
US population.44 This young age at onset as
well as the male predominance (w78%) of SCI
is consistent with the demographic characteristics
of their common traumatic etiologies (motor
vehicle accidents [47%], falls, acts of violence
[most recently w14%], and recreational and
sports injuries).44 The incidence of SCI is estimated at 40 cases per million US population
376
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(w11,000 new cases each year), with an estimated prevalence of approximately 253,000 US
survivors of SCI in June 2006.44 Many SCI
studies would include patients with vascular etiologies (spinal cord infarction), whereas these
patients would typically be excluded from
CPSP studies.
The International Spinal Cord Injury Pain
Classiﬁcation recognized that patients with a
CNS lesion and marked functional impairment
can have multiple types of pain.45,46 Classifying
pain by its type is practical when approaching
pain in patients with SCI (Table 2). By deﬁnition, below-level neuropathic pain represents
central pain. At-level pain can stem from root
and/or dorsal horn SCI and as such represents
peripheral (root) and/or central (dorsal horn)
neuropathic pain.
The question as to the prevalence of central
neuropathic pain following SCI has been
complicated by the absence of categorization
by type in the earliest literature and a latency
in the appearance of some post-SCI pain types
(particularly neuropathic pain below the level
of injury) after the SCI.9 Estimates of post-SCI
pain (of any type) range from 13%6 to 94%,47
but a prevalence of about 65% to 80% is suggested by most studies.7,9,10,22,48-50 In a recent
study that adequately distinguished pain types,
31% of patients with SCI had at-level and
31% had below-level neuropathic pain 12
months after the injury.51 At-level pain was
more prevalent in the early months after SCI
than below-level pain and was also more likely
to resolve with time than below-level pain.51
Given a median of more than 2 years for the
development of below-level pain in some series,9
the results of this 1-year study may underrepresent the number of patients who would eventually have below-level pain. However, 2 other
studies that distinguished below-level pain
from other pain types also found a prevalence
of below-level pain in approximately one-third
of patients with SCI.9,52
In studies that stratify pain subtype, it is
clear that musculoskeletal pain predominates
(occurring in 50%-70% of those reporting
chronic pain)9,10 but is also the least severe
and functionally limiting.9 Although reported
in a smaller proportion of patients following
SCI (34%-47%),7,9,10 neuropathic pain (at any
level) is consistently rated as severe and functionally limiting. In a longitudinal study, 59 of
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73 patients (81%) reported pain at 5 years
following SCI; 59% reported musculoskeletal
pain, 41% at-level (segmental) neuropathic
pain, 34% below-level neuropathic pain, and
5% visceral pain.9 Most patients have multiple
concomitant pain types or sites.7,9-11,22
Pain is rated third behind decreased ambulation/mobility and decreased sexual function
as the most difﬁcult SCI complication.9 In
one series, about half of those with at least a
component of their pain being neuropathic reported that this pain was their most signiﬁcant
post-SCI problem.7 In another study, 38% of
patients with SCI were willing to trade recovery
from paralysis or sexual dysfunction for pain
relief.53
Unfortunately, the trend of SCI-related
pain is toward worsening with time, stabilizing at best, and infrequently improving or
resolving.7,9,54 One study found that 6% of
patients had resolution of pain, 7% reported
decreasing pain intensity and frequency with
time, and almost one-half reported increasing
intensity (and one-third reported increasing
frequency) of pain with time.22 Neuropathic
pain is more likely than nociceptive pain to
worsen with time.51,55
MS-Related Pain
Multiple sclerosis affects an estimated 400,000
individuals in the United States and over 2.3
million worldwide.56 It is an autoimmune disorder in which demyelinating plaques cause
dysfunction of areas of the brain and spinal
cord. There are several forms of MS, with most
patients (w85%) having a relapsing-remitting
form in which they experience subacute development of neurologic impairment (eg, motor,
sensory, visual, gait, or coordination) from a
CNS lesion that subsequently improves and is
followed by periods without neurologic deterioration. There are progressive forms of MS in
which neurologic dysfunction accumulates
without distinct attacks. This dysfunction can
occur after a period in which the disease was
relapsing and remitting (secondary progressive
MS) or from the onset of disease (primary progressive MS). Regardless of type, patients with
MS usually have accumulating levels of disability
as the disease progresses. Accompanying this
progression is a high prevalence of chronic pain
ranging from 29%29 to 80%,8,57 with the most
complete systematic review noting a point
Mayo Clin Proc. n March 2016;91(3):372-385
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prevalence of pain (of any type) of 50% with
approximately 75% of patients reporting pain
within the month preceding evaluation.23 Like
SCI-related pain, there are several pain types
commonly seen in MS.
Musculoskeletal and axial spine pain as a
consequence of immobility, pain from decubitus ulcers, and spasticity are common causes
of pain in MS. Treatments for MS can also
be painful. Interferon beta causes ﬂulike
symptoms, myalgias, and headache, and MS
treatments can also cause injection site pain
and reactions.58
Pain occurs as part of the original MS symptom complex in 5.5% to 23% of patients, and
when it does, patients are more likely to have
development of central or chronic pain.23,29-32
In 14% of patients with MS-related TN, it was
the presenting symptom of MS.59 Central pain
is rarely the presenting symptom in MS
(1%-2% of patients).30,31
The Lhermitte sign is classically associated
with MS. It refers to a paroxysmal electrical
sensation shooting down the spine and sometimes into the limbs that is triggered by neck
ﬂexion. In 7% to 41% of patients with MS,
Lhermitte sign develops at some point in their
disease.60-62 It is usually associated with an
acute or subacute demyelinating plaque in the
cervical spine and resolves over several weeks.63
Magnetic resonance imaging (MRI) and electrophysiologic data have documented that Lhermitte sign is associated with the posterior
column (touch, proprioception) and not nociceptive spinothalamic tract dysfunction.23,61,64
This feature distinguishes Lhermitte sign from
central neuropathic pain, in which spinothalamic tract sensory loss is invariable.
Patients with an active MS relapse may
experience painful tonic spasms (6%-19% of
patients), which are a sudden, paroxysmal
short-lived painful posturing of a limb or facial
distortion frequently triggered by an innocuous stimulus (eg, light touch, movement,
emotions).60,63,65 Frequently, patients report
a sense of sensory loss with this phenomenon.
Like the Lhermitte sign, painful tonic spasms
are self-limited and usually resolve over several
weeks to months.
In patients with MS related to a demyelinating plaque affecting the trigeminal nerve root
entry zone or trigeminal nuclei within the
pons, TN has a prevalence of 1% to
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6%,31,60,62,66 which is 20 times the prevalence of
TN in patients without MS.23 Although TN can
result from demyelinating disease, it can also
occur in MS unrelated to pontine demyelination.
Similar to non-MS TN cases, vascular compression of the proximal trigeminal nerve may cause
TN in patients with MS as a comorbid, but nonMSerelated, condition. It is most common
when TN presents unilaterally in patients older
than 50 years.65 Distinct from sporadic forms
of TN, TN caused by MS more commonly presents at an earlier age, may be bilateral (in
14%-18% of patients), and is less likely to affect
ophthalmic V1 sensory distribution.59,63,65,67,68
Subacute bilateral TN should be presumed to
be MS until proven otherwise.
Central neuropathic pain has a lifetime
prevalence of 12% to 28% in patients with
MS, often occurring more than 1 year after
the development of neurologic symptoms in
the region of pain.23,65 Given the multifocality
of demyelinating lesions within the CNS, it is
not surprising that central neuropathic pain
can occur in more than one location.23,30 Pain
occurs in the neurologically affected body region and speciﬁcally in areas with evidence of
spinothalamic tract sensory loss.58,64 Central
pain is more common in progressive forms of
MS than in the relapsing- remitting form, in patients who are older, in those who have had
longer duration of disease, and in patients
with higher levels of disability.23,58,62,65
PATHOPHYSIOLOGY
It has been recognized for some time that
dysfunction of spinal-thalamic-cortical pathways (clinically evident as impaired pain
[pinprick] and temperature sensation) appears
to be critical in the development of central
neuropathic pain.9,21,26,30,69-72 However, not
all patients with spinothalamic tract sensory
loss experience central pain, and there must be
a required cofactor to drive its development.20
Increasing evidence suggests this cofactor to be
denervation hypersensitivity of surviving spinothalamic tract axons. Abnormal thermal sensation (cold especially) appears to be more
critical in the development of CPSP than impairment of spinothalamic tract pain (pinprick)
pathways.20 This concept has evolved with
recent work that has determined that patients
who experience below-level SCI-related central
pain have evidence of a “discomplete” lesion of
378
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the spinothalamic tract with sparing of thermosensitive, mechanical-insensitive nociceptive afferents within an otherwise dysfunctioning
spinothalamic tract.73 Patients with SCI who
do not have below-level neuropathic pain have
complete loss of spinothalamic tract function,
without any recordable activity from these thermosensitive afferents.73 In the setting of central
pain, there is some trigger of neuronal hyperexcitability in these preserved spinothalamic tract
neurons either directly or via disinhibition.74
One theory is that in the setting of an SCI
damaging the spinothalamic tract, there is
microglial activation that directly activates the
surviving spinothalamic tract neurons.75 Additionally, SCI disrupts descending inhibitory
pathways. The sum result is chronic activation
(a spinal pain generator) of these surviving spinothalamic tract nociceptive neurons in the region of the cord injury.73 The ability of spinal
anesthesia to transiently reduce below-level
pain conﬁrms a pain generator at the cord
level.76 Additionally, an important prospective
study of patients with SCI who were followed
up at regular intervals from the time of injury
to 6 months postinjury found that those who
experienced below-level central pain had
demonstrable clinical signs of sensory hyperexcitability (eg, foot allodynia) and higher thermal
thresholds soon after the injury than those
who did not.74 This ﬁnding suggests that
even if there is an incomplete lesion sparing
thermosensitive afferents in the spinothalamic
tracts, they are not functioning normally. This
study also highlighted the importance of triggered neuronal hyperexcitability (via direct
activation or disinhibition) to the development of central pain.
Disinhibition is also important in the
development of CPSP. It is thought that lesions of the lateral thalamus disinhibit the
medial thalamus. This process may be related
to disruption of GABAergic neurons in the
ventral posterolateral thalamic nuclei. Subsequent sensory input via surviving or recovering sensory neurons ascends to cortical
centers in an “unlearned fashion” resulting
in painful sensation.14 Further supporting
the importance of neuronal hyperexcitability
in central pain, microelectrode recordings
have documented abnormal spontaneous
burst activity in deafferented thalamic regions
in CPSP, in the intact thalamus following SCI,
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and in patients with phantom limb
pain.69,77,78 In CPSP, this abnormal thalamic
burst ﬁring may be the central pain generator,
whereas when seen with SCI, it represents
central sensitization from chronic nociceptive
afferent signaling from distal microglial activation or disinhibition of surviving ascending
nociceptive axons at the level of the cord
injury. Notably, the integrity (or lack thereof)
of the lemniscal (large ﬁber, posterior column) sensory pathway (carrying the modalities of light touch, vibration, and
proprioception) does not appear to be fundamentally important to the development of
CPSP.21,69,79
Implications from pharmacological treatment trials have led to hypotheses regarding
which neurotransmitter systems and/or channels
are important in central neuropathic pain. The
efﬁcacy of intravenous lidocaine (for SCI pain
and CPSP) suggests that sodium channels are
important in mediating central pain states.80
Increased sodium channel expression has been
noted with MS demyelinating lesions.81 Intravenous infusion of ketamine, an N-methyl-Daspartate antagonist, signiﬁcantly reduces
continuous and evoked pain in patients with
SCI-related central pain, suggesting the importance of activation of central N-methyl-Daspartate receptors in this syndrome (which
has also been shown to be important in central
sensitization of peripheral neuropathic pain).82
TREATMENT
The treatment of central neuropathic pain is very
challenging. As a rule, pain resolution is unlikely.
However, patient reports of a clinically meaningful improvement in their pain correlate with
improvement of 2 points (on a 0-10 numerical
pain rating scale) or 30% from baseline pain
levels.83 Because individual agents are limited in
their degree of beneﬁt, multimodal pharmacotherapy using different medications with distinct
mechanisms of action is frequently required (eg,
pregabalin and a tricyclic antidepressant). Combination therapy has been consistently reported
to be more efﬁcacious than monotherapy.84,85
Further complicating central neuropathic
pain treatment recommendations is the
limited number of high-quality, randomized
controlled trials of treatment options. Given
limited data and evidence of overlap in the
pathophysiology of the different central pain
Mayo Clin Proc. n March 2016;91(3):372-385
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syndromes, it is appropriate to extrapolate
data from the rare controlled trial of one central pain state to guide treatment of another
central pain disorder.
This extrapolation still leaves major gaps in
the treatment algorithms for central neuropathic
pain, and the approach to a central pain state is
often taken from one of the many published
neuropathic pain treatment algorithms, even
though these algorithms were established primarily from data on the treatment of peripheral
neuropathic pain disorders (most commonly
painful diabetic neuropathy and postherpetic
neuralgia).86-90 Although rational as a starting
point within the context of limited data for these
rare central pain disorders, clinicians should
recognize that there is evidence that not all types
of neuropathic pain are alike and they do not
respond equally well to treatments. For example,
although gabapentin and tricyclic antidepressants
are considered ﬁrst-line treatments in painful diabetic neuropathy or postherpetic neuralgia,86-90
they were ineffective in well-designed trials of
painful chemotherapy-induced peripheral neuropathy.91,92 Similarly, the paroxysmal pain of
TN responds dramatically to treatment with carbamazepine or oxcarbazepine,93 but studies of
these agents for painful diabetic neuropathy
have reported a much less signiﬁcant effect.94
Pharmacotherapy
All pharmacological treatments have potential
adverse effects. Patients with central pain disorders have associated physical, cognitive,
and/or language complications from the original CNS insult and may be less tolerant of
medications that cause dizziness, ataxia,
confusion, or sedation. In addition, patients
with CNS disorders often require multiple
medications to treat the underlying disorder
and other nonpain complications. As such,
drug interactions and polypharmacy can
further complicate central neuropathic pain
drug choices.
Randomized controlled trial data support
the use of the following agents for the treatment
of central neuropathic pain (Table 3). Gabapentin (at least 1800 mg/d) was effective for SCIrelated central pain in one study95 but not in
another (with dosages up to 3600 mg/d).96
Two trials97,98 have reported that pregabalin
(mean dosage, 410-460 mg/d) was effective for
SCI central pain. Pregabalin was no better than
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TABLE 3. Summary of Evidence for Pharmacological Treatments for Central
Pain Types
Drug

CPSP

SCI central pain

MS central pain

Gabapentin
Pregabalin
Lamotrigine
Amitriptyline
Duloxetine
Cannabinoids

?
Mixed data
þ
þ
?
?

Mixed data
þþ
þ
Mixed data
?
?

?
?
?
?
þ
þþ

CPSP ¼ central poststroke pain; MS ¼ multiple sclerosis; RCT ¼ randomized controlled trial;
SCI ¼ spinal cord injury; ? ¼ no RCTs; þ ¼ positive RCT; þþ ¼ multiple positive RCTs; Mixed
data ¼ both positive and negative RCTs of pharmacological agent for same condition.

placebo for CPSP in one trial,99 but a study
including a mixed cohort of patients with SCI
central pain and CPSP did ﬁnd a beneﬁt of pregabalin over placebo with no difference in the
response between patients with SCI and
CPSP.100 Lamotrigine (mean dosages, 200-400
mg/d) was effective for CPSP101 and for incomplete SCIerelated at-level and below-level
central pain.102 Amitriptyline (goal at least
75 mg/d) was effective for CPSP.42 Results of
studies of amitriptyline for SCI are mixed,
with no response at moderate dosages of 50
mg/d103 and a signiﬁcant response in patients
with comorbid depression receiving higher dosages (up to 150 mg/d).96 Duloxetine (60 mg/d)
was effective for MS-related neuropathic pain.104
Cannabinoids have been found to be effective
for MS-related central pain105,106 and for treatment of MS spasticity and pain related to muscle
stiffness.107-110 The data for carbamazepine for
central pain states is mixed. A study that reported positive results was poorly powered,
and although supportive of probable efﬁcacy,
the strength of its conclusions was limited.111
Of course, carbamazepine is the criterion standard ﬁrst-line treatment for TN (regardless of
etiology).93 Table 4 provides practical dosing information for these agents.
Surgical Treatment
Given the refractory nature of central neuropathic pain states, multiple surgical interventions attempting to interrupt aberrant
ascending nociceptive signaling or stimulation
procedures attempting to modulate this
signaling (neuromodulation) have been proposed to treat refractory central neuropathic
pain. Surgical creation of destructive lesions
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(“lesioning”) is most commonly applied to
the spinal cord and includes commissurotomy
(ie, midline myelotomy transecting the
crossing ﬁbers in the spinal cord), dorsal root
entry zone lesioning, cordotomy (selective
lesioning of the lateral spinothalamic tract
pain pathways in the anterolateral cord contralateral to the side of pain), and cordectomy
(transaction of the spinal cord).36,112 If effective, destructive lesions seem to be most effective for paroxysmal shooting pain and
allodynia.36,113 Unfortunately, pain frequently
returns (generally over years), and given the
associated surgical risks, destructive procedures are now used less frequently.112,114
Destructive brain lesions have been described
for CPSP but the results have been disappointing, and these lesions are used even less
frequently than spinal cord destructive
lesions.36
Neuromodulation has had an expanding
role in the management of refractory neuropathic pain types of central or peripheral origin.
For central neuropathic pain, neuromodulation
includes spinal cord stimulation whereby a wire
with stimulating electrodes is placed within the
epidural space parallel to the posterior sensory
columns of the spinal cord, motor cortex stimulation (MCS) whereby a stimulating electrode
array is placed in the epidural space overlying
the primary motor cortex, and deep brain stimulation (DBS) of supratentorial nuclei that can
modulate central pain signaling. The neuromodulation signal needs to interrupt ascending
nociceptive signaling or activate descending
inhibitory pathways above the central pain causative lesion. As such, spinal cord stimulation
cannot be used for CPSP and is most effective
for thoracic cord lesions where stimulation can
be applied to the high thoracic or cervical
cord. Incomplete spinal cord injuries are more
amenable to spinal cord stimulation because
wallerian degeneration of ascending sensory
pathways from a complete cord lesion may
make effective cord stimulation unlikely.
Patients with traumatic SCI often require urgent
surgical ﬁxation, and subsequently, surgical
hardware and altered anatomy may limit the
possibility of spinal cord stimulator placement
in some patients. New-generation spinal cord
stimulators are now MRI compatible, so the
need for future MRIs (eg, in patients with MS
or central pain from a CNS malignant neoplasm)
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Agent
Gabapentin

Pregabalin

n

Lamotrigine

Usual starting dosage

Effective dosage in
central pain RCTs

http://dx.doi.org/10.1016/j.mayocp.2016.01.017

Increase by 300-mg increments At least 1800 mg/d
300 mg at
every 4-7 d initially to 3
bedtime(100-mg
times daily, then to goal of
increments available
1800 mg/d
for slower titration)
Increase by 75 mg after 4-7 d
Mean dosage of 41075 mg twice daily
to goal of 300 mg/d
460 mg/d
(25-mg and 50-mg
dosing available for
slower titration)
25 mg/d for 2 wk
Increase to 25 mg twice daily Mean dosage of 200400 mg/d
for 2 wk, then increase
weekly by 25 mg twice daily
to goal of at least 100 mg
twice daily

Carbamazepine 200 mg once daily

Amitriptyline

10-25 mg at bedtime

Duloxetine

20-30 mg once daily

Cannabinoids

Dosing

Maximum dosage

Common and
notable adverse effects

Increase as necessary
to 3600 mg/d (split
3 times daily)

Renal insufﬁciency (dosage adjust);
risk of seizure if abruptly stopped

Sedation, dizziness, confusion,
edema, tremor

Increase as necessary
to 600 mg/d

Renal insufﬁciency (dosage adjust); risk
of seizure if abruptly stopped;
psychiatric disease or addiction
history (euphoria risk)
Dose adjust with liver disease or renal
impairment; patients taking
medications such as valproic acid
that inhibit hepatic P450 system
require slower titration regimen; risk
of seizure if abruptly stopped
Test for inherited allelic variant
HLA-B*1502 in patients of Asian
descent and if present do not use
carbamazepine; risk of seizure if
abruptly stopped

Sedation, dizziness, confusion,
edema, tremor, euphoria

400 mg/d

500-760 mg/d
Increase by 200 mg every
4-7 d to twice daily, then
thrice daily, and as necessary
4 times daily (extendedrelease formulations allow
twice-daily dosing of same
total daily dosage)
Increase every 4-7 d to goal of At least 75 mg/d
100 mg at bedtime

1200 mg/d

Increase weekly by same
dosage to goal of 60 mg/d

120 mg/d (split BID)

60 mg/d

Precautions

150 mg/d

Dosing and relative proportion of tetrahydrocannabinol and cannabidiol (the 2 most common medical
cannabinoids) were highly variable in RCTs. Form of administration varied in RCTs. No
recommendations possible
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BID ¼ twice a day; CBC ¼ complete blood cell count; LFT ¼ liver function test; RCT ¼ randomized controlled trial.

Rash (Stevens-Johnson
syndrome); abdominal pain,
diarrhea; headache;
dizziness.
Slow titration to minimize the
risk of toxicities
Stevens-Johnson syndrome;
hematologic suppression
(monitor CBC); hepatic
dysfunction (monitor LFTs);
hyponatremia; nausea;
dizziness; drowsiness

Sedation, dry mouth,
Risk of emerging suicidality (children/
orthostatism, confusion,
young adultsdsee boxed warning);
weight gain, urinary
risk of serotonin syndrome; use with
retention, constipation,
caution if patient has cardiac disease
blurred vision
or dysrhythmia history
Sedation, fatigue, nausea,
Risk of emerging suicidality (children/
hyperhidrosis, dizziness
young adultsdsee boxed warning);
risk of serotonin syndrome;
increased bleeding risk (use
cautiously with anticoagulants);
withdrawal syndromes with abrupt
discontinuation; use with caution in
patients with hepatic failure
Federally illegal for medicinal usage
Palpitations, hypotension, dry
(Schedule I drug), but increasing
mouth, dizziness, depression,
number of states have legalized
inattention, hallucinations,
medicinal cannabinoids
paranoia, addiction
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is no longer a contraindication to neuromodulation. Unfortunately, the efﬁcacy of spinal cord
stimulation for central pain states seems to
wane with time.36,114-116
There has been increasing interest in MCS
and DBS (using the same technology utilized
for treatment of Parkinson disease and movement disorders) for central pain, although these
procedures have not been approved for this
indiction.117 Unlike surgically created destructive lesions, neuromodulation techniques can
be tried before permanent implantation and
are adjustable and reversible. Functional imaging has suggested that epidural MCS activates
structures involved in the appraisal of pain as
opposed to modulation of pain intensity. The
extent of pain alleviation also correlates with
the increase of blood ﬂow in the cingulate gyrus, suggesting that stimulation also works by
reducing the emotional affective pain component (suffering).118 Meta-analyses of DBS are
limited by variability in surgical techniques
and central targets and older studies using
more limited technology. Traditionally, the
periaqueductal and periventricular gray matter
have been targeted with DBS, resulting in the
release of endogenous opioids.118 The ventral
caudal thalamus and the nucleus accumbens
have promise as targets in the treatment of central pain via activation of inhibitory pathways.118,119 Deep brain stimulation appears to
be more effective for nociceptive and peripheral
neuropathic pain than for central neuropathic
pain.117,120-122 The efﬁcacy of DBS may also
vary depending on central pain type. For
CPSP, DBS may be effective in 50% to 70%
of patients, although an important proportion of
patients (up to one-third) do not experience sustained beneﬁt with the permanent implant.122,123
Deep brain stimulation is generally believed to be
less efﬁcacious for spinal cordemediated central
pain (16%-57% of patients have signiﬁcant
improvement) than for CPSP.120,123 Motor cortex
stimulation is better suited for face- and armpredominant central pain disorders (given the
more superﬁcial representation of the face and
arm portions of the homunculus), and up to
two-thirds of patients with CPSP have signiﬁcant
improvement with MCS.117 Motor cortex stimulation has particular promise in the treatment of
atypical facial pain.117,124,125
Although imperfect, in patients who do
respond, neuromodulation may substantially
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improve pain control and quality of life in those
with otherwise refractory central neuropathic
pain. The efﬁcacy of neuromodulation for any
indication relies heavily on proper patient selection as well as appropriate choice of stimulation
targets. Referral of patients with refractory central neuropathic pain to a multidisciplinary
team including specialists in pain medicine,
neurology, psychiatry, and neurosurgery is
appropriate.
CONCLUSION
Chronic pain syndromes are common in patients with functional impairment from CNS
disorders. Most of these disorders are related
to musculoskeletal and overuse syndromes.
Central neuropathic pain syndromes may be
difﬁcult to recognize given the delay (weeks
to years) in onset and impaired sensory
discriminatory abilities from the CNS insult.
Central pain should be suspected when pain
is limited to the region of neurologic deﬁcit
and when associated with spinothalamic tract
sensory loss. Treatment of central pain syndromes is challenging but may beneﬁt from
advanced neuromodulation techniques, and
patients with refractory central pain may
beneﬁt from referral to a multidisciplinary
pain management team.
Abbreviations and Acronyms: CNS = central nervous
system; CPSP = central poststroke pain; DBS = deep brain
stimulation; MCS = motor cortex stimulation; MRI = magnetic resonance imaging; MS = multiple sclerosis; SCI =
spinal cord injury; TN = trigeminal neuralgia
Correspondence: Address to James C. Watson, MD,
Department of Neurology, Mayo Clinic, 200 First St SW,
Rochester, MN 55905 (Watson.james@mayo.edu). Individual reprints of this article and a bound reprint of the entire
Symposium on Pain Medicine will be available for purchase
from our website www.mayoclinicproceedings.org.
The Symposium on Pain Medicine will continue in an
upcoming issue.
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