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Central neuropathic pain
Dores neuropadticas centrais
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ABSTRACT

BACKGROUND AND OBJECTIVES: Central pain, classified as neuropathic,
is defined as a painful syndrome caused by injury to central nervous system struc-
tures. This is one of the most complexes, intriguing and difficult to treat syn-
dromes. This study aimed at promoting a narrative review including the concept
of central pain, its intercurrent symptoms which are important for the diagnosis,
and different available treatments, indications, results and complications.
CONTENTS: Relevant articles available in Medline, Scielo, Cochrane Library
and Pubmed databases in the last 10 years were selected by means of keywords:
chronic neuropathic pain, central neuropathic pain, central pain.
CONCLUSION: Central painful syndrome is diagnosed by means of neuro-
logical clinical evaluation. It is often refractory to clinical and neuromodulatory
treatment, its management should be multimodal and allow for rehabilitation.
Keywords: Central neuropathic pain, Central pain, Chronic neuropathic pain.

RESUMO

JUSTIFICATIVA E OBJETIVOS: A dor central, classificada como neuropdtica,
¢ definida como uma sindrome dolorosa que decorre da lesao de estruturas no
sistema nervoso central. Trata-se de uma das sindromes dolorosas mais com-
plexas, intrigantes e de dificil tratamento. O objetivo deste estudo foi promover
uma revisdo narrativa que inclui desde o conceito de dor central, seus sintomas
intercorrentes importantes no diagnéstico; e diversos tratamentos disponiveis,
indicagoes, resultados e complicagées.

CONTEUDO: Foi realizada uma selecio de artigos relevantes disponiveis nas
plataformas Medline, Scielo, Biblioteca Cochrane e Pubmed nos dltimos 10
anos, por meio dos descritores: dor crénica neuropdtica, dor neuropdtica central,
dor central.

CONCLUSAO: A sindrome dolorosa central tem seu diagnéstico realizado por
meio do exame clinico neurolégico. E frequentemente refratéria ao tratamento
clinico e neuromodulatério e, portanto, deve ser multimodal e permitir a re-
abilitagao.

Descritores: Dor central, Dor cronica neuropdtica, Dor neuropdtica central.

INTRODUCTION

Central pain (CP), classified as neuropathic pain (NP), is defined as pain-
ful syndrome induced by central nervous system (CNS) structure injury’.
It is one of the most complexes, intriguing and difficult to treat painful
syndromes which may originate from any CNS injury, such as vascular
(ischemia or hemorrhage), ischemic or hemorrhagic stroke (IS, HS), in-
fectious (abscess, encephalitis, myelitis), demyelinating multiple sclerosis
(MS), traumatic (brain or spinal cord) or neoplastic. However, in most
cases it is induced by stroke, MS and spinal cord injury?.
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SIGNS AND SYMPTOMS

CP diagnosis is particularly challenging in patients with neurological im-
pairment and requires differential diagnosis from musculoskeletal pain or
peripheral neuropathies.

In general, descriptors are similar to those of peripheral neuropathies.
Complains of burning, painful cold, tingling, pricking, jumping, stabbing,
pressing and sensation of constriction are common. In addition, there is
also chronic itching, which is considered equivalent to pain. Also, one
should take into account that some of these descriptors may reflect muscu-
loskeletal pain presentations in patients with previous neurological impair-
ment. So, the presence or absence of already described signs and symptoms
does not confirm or rule out the diagnosis®. Differently from already de-
scribed signs and symptoms, the presence of allodynia (painful sensation
evoked by painless stimulus) and hyperalgesia (exaggerated pain sensation
evoked by low intensity painful stimulus), is more specific for NP, however
their presence is less common in central pain.

Central NP may also be described as continuous or paroxysmal, it may be
spontaneous or evoked or may manifest as a combination of such character-
istics, which is the most frequent presentation. It may also be described as
superficial, deep or mixed. In general, its intensity is described as moderate
to severe, being sometimes limiting>. Mood changes, present in 87% of
patients, and sleep disorders present in 50% of patients, add high morbid-
ity to CP*>.

During patients’ evaluation, one should look for changes in sensitivity to
pricking and temperature. Since for the development of CP it is mandatory
to have spinothalamic tract dysfunction (pathway responsible for the con-
duction of such stimuli), the absence of changes in these functions virtually
rule out the diagnosis of CP2 It is important to remember that to be classi-
fied as central, pain must be contained in the area affected by CSN injury;
however, it is not mandatory that the whole area is involved. It is possible
that other body areas have musculoskeletal pain induced by the overload to
which they are submitted to compensate the affected limb.

The differentiation between peripheral and central NP should be done as
from clinical history data added to physical evaluation and sometimes to
complementary exams, such as electroneuromyography (ENM) and mag-
netic resonance (MRI), directed to injury topography.

Scales to identify NP patients are useful, and among those most commonly
used and validated to the Portuguese language there are the DN4 Question-
naire and LANNS Pain Scale (Leeds Assessment of Neuropathic Symptoms
and Signs)°. One should take into account that these scales are limited,
both in sensitivity and specificity, which vary between 70% and 80%?.
Central pain varies a lot at onset of symptoms and may be present at injury
moment or may take some weeks, months or even years to manifest®. This
is especially common in IS, MS and spinal cord injury, being that the latter
may induce pain up to five years after initial injury’

Table 1 shows data on chronologic onset of central pain.

PATHOPHYSIOLOGY

As described, cortical spinothalamic pathway injury, which is the pathway
transmitting pain and temperature sensation, is critical for the develop-
ment of post-stroke and post-spinal injury central pain'®. However, sen-
sory loss induced by injuring this pathway is not enough to produce the
syndrome, which is notable in patients with some form of CNS injury and
who do not develop CP.

New evidences suggest that hypersensitivity secondary to denervation of
surviving spinothalamic tract axons has a triggering role in the onset of
pain, especially when this hypersensitivity appears in axons transmitting
thermal sensation (especially cold)”!'". Evidences of the importance of these
hypersensitive pathways as pain generators may be shown by decreased pain
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Table 1. Chronologic onset of central pain after stroke. Adapted?

Garcia JB, Barbosa Neto JO, Améancio EJ and Andrade ET

Type of stroke At stroke (%) Within 1 month Within 1-3 Within 4-6 Within 1-6 Within 6-12 One year later
(%) months (%) months (%) months (%) months (%) (%)

All types’ NR 62 NR NR 19 19 NR

Thalamic stroke® 18 38 15 12 NR 6 11

Lateral thalamic infarction® 14 29 43 7 NR 7 NR

NR = Not recorded.

below spinal injury level after spinal anesthesia'.

Another relevant mechanism for the development of post-stroke and post-
spinal injury CP is dishinibition of medial thalamus as a consequence of
lateral thalamus injury and consequent destruction of Gabaergic neurons
in ventral postero-lateral thalamic nucleus. Sensory information brought
by surviving and recovering pathways may be interpreted in the CNS as
painful sensation®’. However, while in post-stroke this abnormal hyper-
reactive thalamus may be understood as pain-generating center, in spinal
injuries thalamic changes are consequence of central sensitization caused
by the dishinibition of surviving ascending nociceptive pathways at spinal
injury level®.

SPECIFIC PAINFUL SYNDROMES

Pain after stroke

Stroke is one of the major causes of death worldwide. Annually, approxi-
mately 16 million people are affected by this disease and from them, up to
six million die. In Brazil, approximately 68 thousand deaths are registered
per year as a consequence of stroke, which places it as major cause of death
in this country. Still, physical incapacity and chronic pain tend to be reality
for a large part of survivors".

Since stroke is the most prevalent CNS injury (more frequent than multiple
sclerosis or spinal cord injuries, for example), post-stroke pain is the most
common form of CP pain, affecting 2 to 8% of patients with the disease’.
This incidence is even higher among patients evolving with sensory and/or
motor deficiency, being approximately 18%".

The risk of developing CP is similar for IS and HS, however injury to-
pography seems to be more relevant for its development, especially the
thalamic region?. Thalamic infarction is responsible for 25 to 33% of post-
stroke CP, being more frequent when involving postero-ventral thalamic
nucleus”®. Also, patients between 58 and 67 years of age seem to be in
higher risk of developing CP than older patients, and data suggest that
right brain infarctions are at higher risk of coursing with CP2

Pain after spinal cord injury

This syndrome is more frequent among young male patients, mean age of
approximately 38 years at injury time, differently from post-stroke CP'.
In Brazil, the incidence of spinal cord injury is of 40 new cases/year/mil-
lion inhabitants (that is, approximately 6 to 8 new cases per year), being
more frequent among males (86%) aged between 20 and 40 years (64%),
more commonly affecting thoracolumbar segment (64%), and most com-
mon causes are falls, followed by car accidents, gunshot wound, diving in
shallow waters and other aggressions'®"’.

Patients with spinal cord injury may develop pain of different origins, such
as musculoskeletal (muscle spasms, for example); visceral (neurogenic blad-
der, for example); different nociceptive pains (pressure sores, for example);
peripheral neuropathic pain induced by injury of nervous roots at injury or
spinal cord dorsal horn level; and NP below spinal cord injury level, being
this considered CP2. Understanding spinal cord injury level is important
for diagnostic definition, because for pain to be considered central, by defi-
nition it must affect regions below spinal cord injury.

It is estimated that up to 31% of spinal cord injury patients shall evolve
with CP within 12 months after trauma, and additional 31% shall develop
NP at injury level, being this more common in the first months after in-
jury and with higher chance of resolution along time'®. Neuromuscular
pain, although less severe, is very frequent, being present in up to 70% of
patients, and should be considered during these patients’ treatment and
rehabilitation’.

Negative data is that pain related to spinal cord injury tends to be difficult
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to resolve, with a minority of patients evolving with improved symptoms
along time. A study has shown that only 6% of patients had pain improve-
ment, while half the patients have reported worsening of pain, both in
intensity and frequency, which shows the severity of this disease'”

Pain related to multiple sclerosis (MS)

MS is a chronic and progressive disease, more common in youngsters, of
autoimmune etiology where demyelination plaques induce brain and spinal
cord dysfunction. It is estimated that, worldwide, 2.5 million people have
MS. In Brazil, data from the Brazilian Association of Multiple Sclerosis
indicate a prevalence of 5-20 MS patients for every 100 thousand inhabit-
ants®.

There are different forms of MS; however, remittent-recurrent form occurs
in up to 85% of cases and is translated by the sub-acute onset of neurologi-
cal dysfunction, with subsequent progressive improvement, and remains
for periods where there is no neurological deterioration. In these cases,
there might even be evolution for the secondary progressive form where
neurological deterioration is present without distinction of attacks and may
affect up to 80% of these patients. Also, up to 10% of patients start with
primary progressive form and 5% are diagnosed with recurrent-progressive
form. However, regardless of the type of MS, in general patients accumu-
late different neurological dysfunction levels, determining the progressive
character of the diseases®. Figure 1 shows the prevalence of the disease by
countries.
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Figure 1. Prevalence of multiple sclerosis by country in 2013

Brazilian Association of Multiple Sclerosis (ABEM) (internet homepage). Multiple sclero-
sis Atlas in 2013 Access in 05/01/2016. Available in: http://abem.org.br/wpcontent/uploa-
ds/2016/02/Atlas_EM_2013_FINAL_ABEM_baixa.pdf

Chronic pain is very prevalent in MS, varying between 29 and 80%, being
that up to 75% of patients refer pain along the month when the diagnosis
is made?. Similarly to already described painful syndromes, recurrent MS
pain has multifactorial origin, such as immobilism, tonic spasticity (6 to
19%) and bed sores. Baseline disease treatment itself induces pain, since
interferon beta triggers myalgia crises and pain at application site. Periph-
eral NP is frequent and, in some cases, is the symptom responsible for trig-
gering diagnostic investigation. Trigeminal neuralgia (TN) has prevalence
of up to 6% in MS patients and, from these, 14% had this symptom as
primordial for the diagnosis.

MS-related TN in general affects younger patients and may be bilateral
(12% to 28%); it seldom affects V1 (ophthalmic trigeminal branch). When
there is bilateral TN, MS diagnosis should be presumed and investigated®*'.
Lhermitte signal is strongly associated to MS diagnosis and is present at
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some moment of disease evolution in up to 41% of cases”>. This symptom
is a paroxysmal sensation of shock along the spine (and sometimes limbs),
triggered by binding the neck. This is consequence of an acute or sub-acute
episode of demyelination in the posterior column of the cervical spine, and
in general resolves in few weeks. It is important to stress that, since spino-
thalamic tract is not affected, Lhermitte signal is not considered symptom
of central pain®.

Seldom CP is the initial symptom, affecting just 1-3% of cases. It has prev-
alence of 12 to 28% throughout patient’s whole life and in general starts
one year after neurological symptoms onset in the affected area (loss of
pain and temperature sensation), and may occur in different simultaneous
sites. It is in general associated to progressive forms, advanced disease, older
patients and patients with more severe dysfunction level?'.

CONSERVATIVE TREATMENT

CP is difficult to treat and, as a general rule, total pain control is improb-
able. The difficulty to control the symptom sometimes makes treatment
frustrating both for patients and physicians following them. For this rea-
son, treatment objectives (such as focusing on function gain instead of
on pain intensity) should be clearly discussed with patients since the first
meeting. So, by means of multimodal pharmacological strategy associated
to non-pharmacological therapies it is possible to get better quality of life
for patients and have them acquiring functional gain.

It is important to stress that mild pain intensity decrease, such 30% de-
crease (2 points in the numerical verbal scale from 0-10), had positive cor-
relation with sensible clinical improvement reports by patients®. That is,
stubborn search for eliminating pain is not necessary, and even inadvisable,
because this may lead the clinician to increase analgesic doses to a point
where adverse effects become factors limiting quality of life of patients.
Before discussing pharmacological therapy, some specific aspects of CP pa-
tients should be reinforced. These patients have as consequence of their base-
line disease different levels of neurological impairment, be it physical, behav-
ioral and/or of speech, so they might have less tolerance to drugs the effects
of which include dizziness, ataxia, mental confusion or sedation. Also, these
patients in general are submitted to a wide array of drugs to treat CNS injury,
which places them at relevant risk for severe pharmacological interactions.
Additionally, these patients in general have depression and anxiety which
should be taken into consideration at treatment planning.

Generally speaking, pharmacological therapy for CP includes the same
classes of drugs used to treat NP, such as anticonvulsants, tricyclic antide-
pressants, dual antidepressants and possibly opioids. Table 2 summarizes
evidences with regard to pharmacological treatment for central pain.
Sometimes, a potent analgesic is necessary as adjuvant to treatment, espe-
cially if other causes of pain, such as musculoskeletal, are adding to clini-
cal presentation. In this scenario, a possible opioid would be methadone,
which has pharmacological characteristics (NMDA block and norepineph-
rine and serotonin reuptake inhibition) which make it more adequate for
such cases®®?. Cannabinoids were particularly effective for MS patients,
both to treat pain and spasticity*>?’.

In addition to pharmacological therapy, it is critical the early beginning of
physical rehabilitation associated to analgesic physiotherapy. Non-pharma-
cological measures, such as mirror therapy and virtual reality immersion
therapy are recommended for patients with post-stroke pain and MS-relat-
ed pain, and transcranial stimulation in patients after spinal cord injury is
an example of approaches indicated as treatment adjuvants®.
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SURGICAL TREATMENT OF CENTRAL NEUROPATHIC PAIN

The development of drugs with higher potency and selectivity, and more
adequate pharmacokinetics and pharmacodynamics, made indications of
surgical procedures for pain control naturally less frequent. Surgical proce-
dures, however, are still useful for a considerable number of patients with
pain refractory to drug therapy, or even due to adverse effects preventing
their use.

Ablative procedures aim at interrupting pain pathways by selective injury of
structures of peripheral nerves, nervous roots and ganglia, medullary cords
and ascending pathways and structures of the brain, such as thalamus or
midbrain nuclei. Limbic system structure injury also acts to decrease cogni-
tive and emotional components associated to pain, which cause distress to
individuals. Some more common procedures as described below.

DREZotomy or Lissauer tract/spinal cord posterior horn (SCPH) in-
jury

It consists of lysis, by radiofrequency, of Lissauer tract and gray matter of
spinal cord posterior horn, where there is neuronal hyperactivity in cases
of pain by deafferentation of spasticity. It is performed to treat phantom
limb pain, pain resulting from actinic plexular, oncologic and traumatic
neuropathies, post-herpetic neuralgia, myelopathic pain and pain due to
cauda equina injury and spasticity, pain by nervous roots avulsion, NP or
nociceptive pain oligocircunscribed by deafferentation.

This procedure decreases nociceptive pathways hyperactivity of spinal
cord ascending tracts because it inactivates hyperactive neurons of SCPH
laminae I, II, III, IV, V and VI, and Lissauer tract, which are involved in
mechanisms of facilitation and SCPH neurons activity inhibition, as well
as ascending pathways which traffic through the spinal cord postero-lateral
quadrant. This allows changing the balance between excitatory and inhibi-
tory pathways of deafferented segmental neuronal circuits®.

Lissauer tract and SCPH injury is more effective and safe when indicated
to treat patients with extensive deafferentation areas, such as in cases of
brachial plexus roots avulsion, actinic plexular neuropathy, segmental pain
in paraplegic patients with myelopathy or with cauda equina and conus
injury®.

Mesencephalotomy

This procedure aims at interrupting spinoreticulo-thalamic pathways in-
volved in the maintenance of the unpleasant sensation in NP patients.
Spiegel & Wycis® were the first to perform mesencephalotomy to treat CP.
There is long-lasting improvement in 77.8% of NP patients submitted to
mesencephalotomy or baseline thalamotomy during periods varying from
2 months to 8 years.

Mesencephalotomy initially or partially relieves encephalic CP in 65% of
patients. In the long term, there is 20 to 66.7% relief and improvement of
30%. Mortality is 7.4%. Best results are obtained when injuries are per-
formed in posterior commissure plane, where very frequently it generates
oculomotor changes, contrasting with injuries to the superior colliculus
where these complications are present in 23 to 54% of cases. Tasker®' has
observed pain relief in 50% of his 10 CP cases submitted to mesencephalic
tratotomy. In nine cases there has been temporary improvement. None had
severe complications.

Others have not observed the efficacy of such method. Shieff & Nashold??
have concluded that CP of thalamic syndrome, of lateral bulbar syndrome,
of post-cordotomy dysesthesia, of phantom pain by brachial plexus roots

Table 2. Summary of scientific evidences for pharmacological therapy for most common types of central pain. Adapted?

Drugs Dose (min-max) Effective dose (mean) Post-stroke pain Post-spinal cord injury pain MS-related pain
Gabapentin 300-3600mg/d 1800mg/d ? Conflicting data ?
Pregabalin 150 - 600mg/d 450mg/d Conflicting data ++ ?
Lamotrigine 25-400mg/d 200-400mg/d + + ?
Amitriptyline 25-150mg/d 75mg/d + Conflicting data ?
Duloxetine 30-120mg/d 60mg/d ? ? ?
Cannabinoids - - ? ? ++

? = without randomized clinical trials; + = favorable clinical trials; ++ = multiple favorable clinical trials; MS = multiple sclerosis.
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pullout and of post-herpetic neuralgia may be relieved in 50% of cases with
stereotaxic mesencephalotomy.

Most common complications of mesencephalotomy are sleepiness and ocu-
lar motility dyssinergy, in general temporary. Complication which may be-
come permanent in 30% of patients is paresis of conjugated gaze up.

Thalamotomy

This procedure consists of the injury of spinothalamic and paleospinotha-
lamic units by means of nonspecific thalamic nuclei injury. It is indicated
in cases of nociception and deafferentation-induced pain in broad body re-
gions, especially when located in the cranio-cervical and brachial segments
and in patients with contraindication for cordotomy®.

In the past, thalamotomy of median dorsum nucleus and anterior thalamic
nuclei was widely used by several authors aiming at changing emotional
abnormalities associated to pain. However, due to complications, especially
in the mental sphere, this technique has been abandoned?®.

Injuries have to be extensive and located in the center-median nucleus,
parafascicular, limitans and thalamic intralaminar nuclei (unspecific tha-
lamic nuclei) involved in pain maintenance. So, injuries shall involve pa-
clospinothalamic pathways and units®.

Thalamotomy temporarily relieves NP (peripheral neuropathies, myelopa-
thies and encephalopathies) in 40 to 70% of cases, and cancer pain in 90%.
Results, however, are often unsatisfactory in the long term. When injuries
are small, there is improvement in less than 30% of cases. Best results seem
to be observed in cases of bilateral injuries®.

Motor cortex stimulation

Motor cortex stimulation (MCS) is promising, especially to treat trigeminal
NP and post-stroke CP syndromes, such as thalamic pain syndrome, bra-
chial plexus avulsion, among others. Since early experiments, motor cor-
tex stimulation has produced better results as compared to sensory cortex
stimulation. Several case sequences have shown good MCS results to treat
untreatable painful syndromes, including post-stroke pain, phantom limb
pain, spinal cord injury pain, post-herpetic neuralgia and limbs and face
NP.

Most studies involving MCS focuses its use in post-stroke and trigeminal
neuropathy, for which there are few effective treatments. Post-stroke pain
responds well to MCS, because approximately two third of patients have
satisfactory relief. MCS results to treat trigeminal neuropathic pain are very
interesting, because they have shown that 75 to 100% of patients had good
or excellent pain relief*.

Although most studies have not reported adverse events after motor cortex
stimulation, some complications were described. Among described there
are intracranial hemorrhage, infection and permanent neurological defi-
cits. Seizures induction was also reported depending on stimulation inten-
sity and frequency which favor such events when they get close to motor
threshold. However, in general there is no progression or development of
epilepsy**®.

To date, there are no prospective studies showing final conclusions on gen-
eral and specific efficacy of MCS. Literature has divergent opinions with
regard to surgical technique, stimulation parameters programming and pa-
tients” selection. However, MCS seems to be a relatively safe and effective
neuromodulatory procedure for selected patients®.

Deep brain stimulation (DBS)

In the 1970s, other authors (Mazars, 1973) have reported the first experi-
ence with chronic stimulation of thalamic sensory nuclei to treat NP*.
Other authors have reported long term success with somesthetic thalamic
stimulation and later the target has shifted to periaqueductal gray matter
(PAG) and periventricular gray matter (PVG) of the III ventricle®.
Recently, a meta-analysis was carried out to determine the efficacy of DBS
to treat chronic pain. Evaluated articles have shown long term results in a
total of 1114 patients. From these, 561 (50%) had long term pain relief
with DBS. Rates of good long term results have varied between 19 and
79%, showing efficacy loss in the long term. A total of 711 patients had
NP, of whom 296 (42%) had sustained long term relief. From 443 patients
with nociceptive pain, 272 (61%) had long term success®.

Among deep brain stimulation complications, intracranial hemorrhage is
the most significant and potentially severe. It may occur at electrode in-
sertion or removal. The incidence of hemorrhage varies between 1.9 and
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4.1%. There have been permanent neurological deficits in 14 out of 649
registered patients, with incidence of such complications varying from 2.0
to 3.4%. Mortality related to this procedure is low, varying from 3.3 to
13.3%%.

DBS has shown its best results to treat cluster headache and nociceptive
syndromes, such as chronic low back pain; while encephalic post-stroke
central pain syndromes, post-herpetic neuralgia and myelopathic pain
have poorly responded to DBS. DBS should only be considered after
failure of conservative treatments, including less invasive nerve stimula-
tion methods®.

Spinal infusion of analgesic drugs

In the last decade, this trend was partially reverted with the use of implant-
able systems for analgesic drugs release (in general opioids) in the CNS
(intraventricular, cisternal and lumbar spine), associated to difficulty of
qualifying professionals to perform stereotaxis.

Pumps have a drug reservoir which gives variable autonomy to patients,
depending on the dose and its use. They may be driven by permanent gases
expansion pressure and by computerized electronic pumping, telemetrically
commanded. They may release drugs in the spinal, cisternal and intraven-
tricular space. Spinal release is the most effective because the dose needed
to control pain is the lowest possible and with this, in general, there is no
drug in systemic circulation®.

Results were excellent in 50% of cases of central NP and good in remaining
cases, during a follow up period with mean duration of 21 months; adverse
effects were uncommon and there has been no infection or operational
problems with the implanted system. In Brazil, results have been reported
as satisfactory in different types of NP refractory to oral drugs, reaffirming
the method to treat painful syndromes of difficult clinical and even surgical
control’”?*. However, there are adverse effects from those directly related
to drug effect on central receptors to effect on hypothalamic-pituitary axis
with hormonal and bone metabolism changes.

CONCLUSION

CP is very frequent in patients suffering some type of CNS injury, however
its diagnosis is difficult and its treatment is challenging. It is necessary to
find a balance between the best possible analgesia and the maintenance of
desirable cognitive and functional capacity, providing good quality of life
in spite of limitations imposed by neurological dysfunction.
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