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Abstract

Purpose of Review Centralized pain presents a complex pathology that many classic pharmacological agents for pain have
not been able to sufficiently treat. To date, there are no clear guidelines for preferred treatment methods or comprehensive
protocol that addresses confounding factors in this population. We sought to summarize the current field of knowledge around
centrally mediated pain and to understand promising novel therapies.

Recent Findings Many treatments currently used address not only the centralized pain phenotypem but the impact of central
sensitization and the common comorbidities that reside within this population. Some novel therapies with promising evidence
include the following: low-dose naltrexone, IV ketamine, acupuncture, aerobic activity, and laser therapy. Non-interventional
treatment options include aerobic exercise, cognitive-behavioral therapy, mind-body therapies, virtual reality, and patient
education on disease expectations. Much of the literature further emphasizes the importance of patient-level predictors,
including factors like pain catastrophizing and social history, on treatment compliance and reported pain relief.

Summary We found that there are many potential treatment options for patients with centralized pain, particularly those
that can be used as adjunct or combination therapies. The introduction of new approaches should occur in a carefully con-
trolled, titrated manner to avoid exacerbation of pain symptoms. This is successfully conducted through patient-physician
communication as this is a highly complex and personalized pain category. Our examination shows that while physicians
have many options with proven success, there is a need for studies with longitudinal and larger patient populations to better
articulate treatment guidelines.

Keywords Centralized pain - Central sensitization - Nocioplastic pain - Low-dose naltrexone - Cognitive-behavioral
therapy - Patient education

Introduction with these types of pain diagnoses have also been proven

through the analysis of genetic mutations, bio-imaging stud-

Centralized pain includes any pain that stems from the cen-
tral nervous system or is amplified by the central nervous
system. This can be caused by environmental stressors,
chronic pain conditions, severe infections, or psychologi-
cal stressors. The biological basis and hereditary connection
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ies, and twin studies [1]. Of significant note, many patients
with centralized pain are unresponsive to surgical proce-
dures or opioid medications [2].

The three main types of pain include neuropathic, nocic-
eptive, and nociplastic pain. Neuropathic pain refers to dys-
function from confirmed disease or lesion in the nervous
system, often classified by burning pain [3]. Nociceptive
pain is generally related to trauma or injury that may resolve
upon tissue healing [4]. This type of pain features inflam-
mation and is worsened by movement. Nociplastic pain is
pain that arises from altered nociception despite no clear
evidence of actual or threatened tissue damage causing the
activation of peripheral nociceptors or evidence for disease
or lesion of the somatosensory system causing the pain. It
involves some level of hypersensitivity to non-noxious stim-
uli and is the basis for centralized pain states [5].
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There are several common co-occurring conditions for
these patients, such as anxiety, depression, migraine head-
aches, dysmenorrhea, temporomandibular joint disorder
(TMJD), chronic fatigue, irritable bowel syndrome (IBS),
and other functional gastrointestinal (GI) disorders, inter-
stitial cystitis/painful bladder syndrome, endometriosis,
and other regional pain syndromes (especially back and
neck pain). In fact, the phenotype of central pain often
includes earlier episodes of acute pain or the occurrence
of other (non-pain) symptoms or pain conditions [2]. For
example, when looking at the change in diagnostic cri-
teria in fibromyalgia from the 1990 America College of
Rheumatology criteria to the 2011 survey, patients were
now asked more about fatigue, sleep, memory, headaches,
irritable bowel, and mood [2].

In many patients with chronic pain, central sensitiza-
tion can explain why they suffer from pain in the absence
of a clear origin of nociceptive input or in the absence
of enough tissue damage to explain the experienced pain
severity, disability, and other symptoms [2, 6]. It can be
understood as a form of amplification of perceived sig-
nals, such that there is a continuum of altered nocicep-
tive processing mechanisms in which greater symptoms
of a certain condition are accompanied by more profound
change [6]. Central sensitization is a well-established fea-
ture in patients with chronic traumatic neck pain (i.e.,
whiplash), fibromyalgia, osteoarthritis, migraine, irritable
bowel syndrome, chronic fatigue syndrome, and pediatric
pain conditions [6, 7]. By contrast, central sensitization is
only present in a small subgroup of patients having condi-
tions like acute low back pain, non-traumatic neck pain,
tendinopathies, shoulder pain, and rheumatoid arthritis
[6, 7].

One biological contributor to central sensitization may
be increased glial activity. Activated microglia synthe-
sizes and releases neurotrophic factors, which in turn
increases neuronal excitability [2, 8]. Specifically, the
increased availability of tumor necrosis factor-a (TNF-a)
results in subsequent long-term potentiation and enhanced
synaptic activity [2].- These are key mechanisms under-
lying central sensitization in patients with chronic pain,
including chronic non-specific low back pain, fibromyal-
gia, and chronic lumbar radiculopathy pain [2, 8]. Aber-
rant glial activity also causes astrocyte activation in the
central nervous system which leads to the production of
proinflammatory substances by hypertrophied and acti-
vated astrocytes, with microglial cells possibly respond-
ing earlier than astrocytes [2, 8].

Patients with centrally mediated pain present a com-
plex pathology that is still trying to be understood. The
changing treatment options and the current lack of speci-
fied protocols to treat these patients are reflective of that.
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Current Therapies

To date, pharmacological treatments have been only mod-
estly successful in treating centrally mediated pain, partly
due to being unresponsive in addition to generally having
more severe side effects with this “pain-prone phenotype”
[2,6,7].

Selective serotonin reuptake inhibitor drugs activate
serotonergic descending pathways that may partially acti-
vate opioid peptide-containing interneurons in the dorsal
horn [8]. Serotonin noradrenaline reuptake inhibitors are
more effective than inhibiting serotonin alone, and these
medications have been found to be more effective in treat-
ing otherwise difficult to treat painful conditions, includ-
ing those associated with central sensitization [8].

Gabapentinoids bind to the a2d subunit of voltage-gated
calcium channels, which results in decreased Ca2 + influx
during depolarization and decreased release of excitatory
substances such as glutamate, noradrenaline, and sub-
stance P in the dorsal horn [8]. They have proven efficacy
in reducing symptoms of central sensitization and hyper-
algesia in both neuropathic and nociceptive pain stimulus;
however, side effects often limit efficacy [9-11].

Opioids

The use of opioids, while currently less commonly pre-
scribed than in years past, remains out of favor. In Clauw’s
2014 review, he rated opioids as the least effective treat-
ment due to their low efficacy and potential for adverse
side effects [2]. The potential for adverse side effects is
also mediated by other factors for patients with central-
ized pain. Pierce et al. found that these patients were more
likely to report more adverse side effects to medication
if they had a history of abuse, with the most significant
effect from those who suffered from both childhood and
adult abuse [7].

Novel Therapies
Low-Dose Naltrexone

Naltrexone was created as a mu opioid antagonist which
is currently approved for use in treating opioid and alco-
hol dependence. It is commonly being used now for
patients unresponsive to opioid treatments, potentially
due to endogenous opioid systems at very low doses [2,
6]. Opioid medications have been shown in rats to induce
Toll-like receptor 4 (TLR4) signaling, which can lead to
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opioid-induced proinflammatory effects. In very small
doses, both rat and in vitro studies have shown that nal-
trexone can inhibit this proinflammatory pathway by
inhibiting TLR4 signaling [2, 6, 12].

Naltrexone inhibits production of the proinflammatory
cytokine interleukin (IL)-6 and tumor necrosis factor (TNF)-
alpha as well as inflammatory factor nitric oxide (NO) by
inhibiting TLR4 signaling, which contributes to decreased
pain sensation via processing of nociceptive signals [2, 6,
12]. The reduction in IL-6 and TNF-alpha has been shown
in vitro and in vivo to result in a reduction of a variety of
other cytokines implicated in central sensitization [2, 6, 12].

TLR4 is more prevalent on microglia than it is on astro-
cytes, which may suggest that LDN could have use as a
potential immunomodulatory through the suppression of the
innate immune cells of the nervous system [2, 6, 12]. This
effect on microglia corresponds to the implication of micro-
glial activation in those with chronic pain states, including
those associated with centralized pain.

These proposed mechanisms of action suggest that LDN
may operate as a novel nervous system anti-inflammatory
and immunomodulator. Additionally, through the modula-
tion of pain perception and sensitivity, LDN may also serve
as a powerful analgesic. Inmunomodulatory effects are sug-
gested to help with inflammatory and autoimmune condi-
tions, such as multiple sclerosis, Crohn’s disease, ulcerative
colitis, and SLE.

IV Ketamine

Ketamine exerts its analgesic and antidepressant effects via
myriad pathways. Its primary mechanism is as a noncom-
petitive antagonist of N-methyl-D-aspartate (NMDA) recep-
tors residing in the central nervous system (CNS), particu-
larly those located in the prefrontal cortex and hippocampus
[13-16].

The NMDA receptor is a ligand-gated channel whose
major agonist is glutamate, the predominant excitatory neu-
rotransmitter in the CNS; when this receptor is inhibited,
decreased neuronal activity ensues [13—16]. Activation of
this NMDA channel plays a key role in mood, pain percep-
tion, cognition, and opioid tolerance, and it is thought to
be the principal receptor involved in phenomena of central
sensitization and windup [13-16]. In other words, Ketamine
seeks to “reboot” the systems responsible for the cycle of
chronic pain.

Ketamine also has rapidly apparent antidepressant effects
thought to also be a function of NMDA receptor modulation
[13-16].

The dosing and specific protocols for IV ketamine use
vary significantly, indicating that larger studies need to be

completed in order to fully assess its use in treating chronic
pain.

Acupuncture

There is conflicting evidence on the efficacy of acu-
puncture in treating chronic pain, particularly fibromy-
algia [17-22]. There is low to moderate—level evidence
that compared with no treatment and standard therapy,
acupuncture improves pain and stiffness in people with
fibromyalgia, while there is less evidence on the effect of
acupuncture compared to sham acupuncture in reducing
pain or fatigue, improving sleep, or global well-being.

Electroacupuncture is probably better than traditional
acupuncture for pain and stiffness reduction and improve-
ment of global well-being, sleep, and fatigue [23]. The
effect lasts up to one month but is not maintained at
6 months follow-up.

Acupuncture appears safe. People with fibromyalgia
may consider using electroacupuncture alone or with exer-
cise and medication. The small sample size, scarcity of
studies for each comparison, and the lack of an ideal sham
acupuncture weaken the level of evidence and its clinical
implications. Larger studies are warranted.

Aerobic Activity

Aerobic activity and strength training have been consist-
ently shown to be a vital component of any centralized
pain treatment protocol [20, 24-30]. addition to pain
relief, exercise also helps to improve quality of life and
functioning, which may in turn help alleviate some of the
psychological factors in chronic pain [31]. This activity
can be land- or water-based activity with slight to moder-
ate intensity, two or three times per week at a minimum as
according to the EULAR guidelines and Cochrane reviews
[2, 26, 29].

For adults with fibromyalgia, studies have found that
stretching exercises provides the greatest pain relief and
increased functioning, though interestingly resistance
training helps mental health status [27, 32, 33]. Bidonde
et al.’s Cochrane review found that mixed exercise train-
ing may not provide clinically significant improvement for
fibromyalgia patients [34].

Exercise must be carefully graduated and patients
should be monitored for symptom exacerbation [34]. The
most significant adverse effect from beginning exercise
is the potential for symptoms to worsen when beginning
training. This is often alleviated by the use of medications
when beginning these programs [2].
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Laser Therapy

Low-level laser therapy is now frequently being used for
pain management, often in fibromyalgia patients, with
positive effects [35, 36].

The analgesic effect of PBM has been reported to involve
A-delta and C fibers. Low-power laser irradiation promotes
proliferation of multiple cells primarily through the activa-
tion of mitochondrial respiratory chain and the consequent
initiation of cellular signaling [37]. This includes leading
to the activation of TPKR, which can go on to activate its
downstream signaling elements, like Ras/Raf/MEK/ERK,
PI3K/Akt/eIF4E, PI3K/Akt/eNOS, and PLC-gamma/PKC
pathways [36-37].

Low-power laser irradiation also induces an immediate
increase in mitochondrial membrane potential and ATP.
[35-38, 39, 37]. This cascade potentially results in increased
cell proliferation and inflammatory modulation. Specifi-
cally, it helps regulate the activity of HIF-1a in neuropathic
inflammation and peripheral nerve repair through decreas-
ing cytokines and HIF-1a levels while increasing relevant
growth factor secretions [38]. This was further verified
through improvement in pain relief and functional abilities.

Alternative/Complimentary Treatments

As pharmacological and interventional treatment becomes
less effective and preferred, biopsychosocial approaches
have become increasingly used to help treat central pain.
Hawk et al. helped develop clinical practice guidelines with
a 62-member Delphi panel reviewing the current substan-
tive literature and clinical experience [40]. They emphasized
using multidisciplinary approaches focused on treating,
rather than curing pain conditions.

Additional therapies, like the use of TENS and heat, have
evidence-based and research support for pain relief due to
decreasing inflammatory reactions at specific painful sites
[41].

Mind-Body Therapies

The mind-body connection is of particular emphasis to
decrease pain levels and increase functioning across a vari-
ety of etiologies, such as with therapies like mindfulness
training and osteopathic manipulative treatment [22, 42, 43].
This impact is deepened when integrative health is offered
by or working in conjunction with physicians [44]. For
example, Tai Chi has been found to have a greater impact
on pain relief and quality of life compared to traditional
exercise [45].
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Therapy

Pain catastrophizing scores have been widely used in clini-
cal and research settings as a way to quantify the potential
for patients to have a heightened reaction to pain. Cognitive
behavioral therapy (CBT) has been shown to be an important
clinical tool for patients with a history of this.

Different forms of therapy are also important due to the
connections between a history of abuse and chronic pain [6,
7, 46, 47]. Previous studies have shown that patients with
a history of abuse are more likely to have more widespread
symptoms and potentially increased healthcare utilization
[7, 48]. Some other biological basis stems from hyperalge-
sia and difficulties modulating spinal nociception as proven
when studying pain in those with and without previous
adverse life events [49, 50].

This also harkens to the aforementioned text discussing
central sensitization and peripheral nociceptive input as
these patients are also more likely to have increased symp-
tom load and worse adverse reactions to treatment. This is
partly confounded by the frequency of mental health comor-
bidities in this population as some disorders, like anxiety,
have been shown to make this phenotype worse or can pre-
sent this feature prior to a pain diagnosis [6, 43, 51]. These
multifactorial relationships are why alternative forms of
treatment, like CBT, are critical in this population.

Education

In addition to the understanding and sense of control that
can come from CBT or general therapy, education has been
shown to play a significant role in chronic pain [6, 30, 40].
Upon receiving a diagnosis, even if they have not yet had
successful treatment, patients may have a rapid decline in
health utilization as they are no longer searching through
different physicians to find an answer to what is causing
their pain. This change in mindset from diagnosis to treat-
ment both allows for better education as to the reasons and
potential treatments for the pain, especially in having the
patient understand the limitations of currently available
treatments. When combining this with many options for
both pharmaceutical and particularly non-pharmaceutical
options for therapy, the shift of control back to the patient
may increase the likelihood of the placebo effect relieving
some of their pain [2].

Virtual Reality

Virtual reality (VR) is increasingly being studied as a method
to help chronic pain patients with a variety of diagnoses.
Integration of rehabilitation strategies with VR, including
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more efficient graded exposure exercises, has been shown to
reduce pain intensity and/or pain-related disability [52-57].
Some studies showed maintenance of pain during graded
exercise programs, which is still significant for quality of
life and ability to complete treatment options [58, 59]. The
VERMONT trial further proved this point by comparing the
walking distance of chronic pain patients with motor neglect
using virtual environments compared to those without [60].

One common explanation for these therapeutic effects is
that of embodiment. The illusion of control and ownership over
one's virtual person, without pain, allows having tactile con-
nections that is particularly important for amplifying the previ-
ously stated effects of VR [61, 62]. This treatment method has
also been shown to improve kinesiophobia, which often is a
significant deterrent for engaging and complying with recom-
mendations for exercise [53, 58, 59, 63].

Another aspect of VR is that of gamification, in which
report lower pain ratings due to the fun, distractable nature of
a simulated game as well as the short-term goal-setting focus
of games [64, 65]. Most effective when used in combination
with first-person games or colocation embodiment techniques,
the immersive experience can modulate sensory signals to aid
in pain relief [65]. This has also been aptly labelled as a way
of “recontextualizing sensory feedback” [52]. Important to
note as well is that the distraction was the effect regardless of
pain catastrophizing ratings or pain level [64].

Matamala-Gomez et al. reviewed clinical and experimen-
tal literature for the analgesic effect of VR in chronic pain
patients with the most effective methods including coloca-
tion of the physical and virtual body, having the virtual body
correct or overcompensate for common perceptual distor-
tions of pain locations (based on personal pain phenotype),
and a multisensory experience (i.e., auditory cues in addi-
tion to visual ones) [66]. One such multisensory experience
involved heartbeat-enhanced VR where flashes on the pain-
ful limb in the virtual environment that were synchronous
to the patient’s own heartbeat led to reduced pain rating and
increased motor function [67].

VR should be used in combination with traditional thera-
pies and with attention to pain etiology for optimized anal-
gesic effect [53, 57, 62, 68]. Cerritelli et al. found that the
combination of manual therapies allowed for a more com-
prehensive approach that engaged parasympathetic tone and
tactile movement to enhance the visual and auditory aspects
of VR [62]. This alternative, non-invasive treatment offers
potential success for pain relief and improved quality of life
with little side effect for patients with centralized pain.

Patient Predictors
Many of these complimentary treatments involve more indi-

vidualized treatment to attain the best outcome in patients
with often complicated and multifaceted pathologies. Pierce

et al. describe the importance of “patient-level predictors,”
including abuse history, in predicting and understand the
effects of prescribed treatments for patients with centralized
pain [7]. Other forms of testing, such as muscle strength,
may also be indicators of disease progression and response
[69]. Pain etiology, comorbidities, and pain catastrophizing
all present unique barriers towards achieving pain relief in
patients with centrally mediated pain [2, 6].

Conclusions

While we have summarized the recent findings in treat-
ment options for centrally mediated pain, there is clearly
a strong need for more research. Non-interventional treat-
ment options with proven efficacy include aerobic exercise,
cognitive-behavioral therapy (or any connection with a
mental health professional), and patient education on dis-
ease expectations. The introduction of activity should be
titrated to avoid relapse in pain levels. The use of interven-
tions should only be chosen when there is a clear indica-
tion, and other factors should be considered like financial
constraints, patient support system, and pain catastrophizing.
Some first-line options include SNRI/SSRIs and low-dose
naltrexone. All medications should be started at a low dose
and increased slowly over time. If refractory to more con-
servative measures, IV ketamine and laser treatment may
be used. Regardless of the treatment chosen, communica-
tion with therapy staff is vital for treatment compliance and
patient success.
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