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Abstract Neuromyelitis optica spectrum disorder (NMOSD) is an inflammatory disorder of the central nervous

system predominantly targeting optic nerves and the spinal cord. The prevalence of the disease is much higher in

Asia than in other parts of the world. Pain can be detected in more than 80% of NMOSD patients, with evoked

pain mostly being caused by painful tonic muscle spasms and neuropathic pain as the most characteristic types.

Depression is often comorbid with pain, and their comorbidity can severely influence quality of life. In recent

years, studies have found considerable overlaps between the mechanisms of pain and depression; however, their

association remains unclear. This article reviews the epidemiology, mechanism, evaluation and treatment of pain-

depression comorbidity in NMOSD patients.

EUROMYELITIS optica spectrum disorder

(NMOSD) is an inflammatory disorder that

targets the central nervous system. It is

characterized by severe inflammation-me-

diated demyelination, mainly influencing the optic

nerve and spinal cord. The prevalence of NMOSD is

0.52-10/100 000™* in different studies, with a median

patient age of 32 to 41 years. The incidence of NMOSD

in the Asian population is 3 times higher than that in
other areas of the world.”!

Acute bilateral or consecutive optic neuritis lead-

ing to severe loss of vision or transverse myelitis
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resulting in limb weakness, hypoesthesia or bladder
dysfunction are the main characteristics of NMOSD,
typically with recurrence. Symptoms of the disease
usually appear within a couple of days, and most of
the patients can recover to different degrees in the
following weeks or months. The detailed etiology of
NMOSD remains unclear; however, the important role
of aquaporin-4 (AQP4) in the pathophysiology of the
disease has been widely acknowledged. AQP4 is the
target of the neuromyelitis optica-IgG antibody, and
it is distributed in the gray matter of the spinal cord,
periaqueductal midbrain and periventricular areas. It is
also highly aggregated in the foot processes of astro-
cytes in the blood-brain barrier. It has been confirmed
that neuromyelitis optica-IgG antibody (anti-AQP4
antibody) is a highly specific biomarker in NMOSD pa-
tients™ ® that plays a direct role in the pathogenesis of
the disease.!” ®

Huang and colleagues had just investigated
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NMOSD in China. They found that NMOSD had a great
negative impact on the life quality of Chinese patients,
including both physical and emotional health. Non-spe-
cific oral immunosuppressants were still the most
common preventive treatments, and 55.7% of patients
were not satisfied with their current treatment option.!
Pain and depression always comorbid in NMOSD pa-
tients, but were often neglected and remain untreat-
ed. This article reviews the epidemiology, mechanism,
evaluation and treatment of pain-depression comorbid-
ity in NMOSD patients, and hopefully more attention
could be paid to this comorbidity.

NMOSD AND PAIN

Epidemiology

The number of patients in cohort studies in the litera-
ture is small (11 to 210 patients) due to the low inci-
dence rate of the disease.”?? The cohort with the larg-
est sample size comes from the United States. Eaneff
and colleagues collected 522 patient data points from
an online patient community called PatientsLikeMe.?*!
Nevertheless, the data in this study were from volun-
tary self-reports by patients instead of professional
evaluations by physicians, so the reliability of the data
was challenged.

Pain is a common symptom of NMOSD. The prev-
alence of pain in NMOSD patients was as high as 80%
in retrospective studies.!® > 2" #? Qian and colleagues
had proved that current pain was more common in
NMOSD patients vs. multiple sclerosis patients (86.2%
vs. 40.9%), and more severe on a 10-point scale (5.38
vs. 1.85). They also noticed that medication for multi-
ple sclerosis patients to relieve pain was far more ef-
fective than for NMOSD patients.!*! Two different types
of pain were the most common in NMOSD patients:
induced pain caused by muscle spasm and neuropathic
pain (NeP). Painful tonic spasms were observed in one
fourth of NMOSD cases, and were experienced in uni-
lateral or bilateral limbs.** It always emerges during
recovery convalescence without accompanying with
new neurological deficits or MRI lesions. Muscle spasm
could be treated with sodium channel-blocking antie-
pileptic agents, muscle relaxants, antiparkinsonian
drugs and physiotherapy.”®! NeP constitutes 41.6% to
90.9% of pain in NMOSD patients and mostly appears
in the thoracolumbar, leg or back areas.™” > #? NeP in
NMOSD patients always manifests as pain accompa-
nied by abnormal pain or thermal sensation, such as
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allodynia, hyperalgesia, hyperthermesthesia, numb-
ness, and paradoxical heat sensation.

Pain severely influences quality of life in NMOSD
patients.!'" ' 2! Beekman et al.”*”! found that NMOSD
had a strong negative impact on physical functioning
according to Short Form-36 (SF-36) evaluation. Pain
imposed the greatest negative physical impact on
overall quality of life, whereas the impact of pain on
emotional well-being was controversial.! ?”! Studies
also found that dissatisfaction with pain treatment op-
tions correlated inversely with quality of life.[”]

Mechanism
Disorder of excitatory glutamate metabolism At the
initial stage of disease, the AQP4 antibody combined
with AQP4 destroys astrocytes by activating comple-
ment or initiating the interaction of effector cells and
astrocytes.®® Damaged astrocytes recruit T cells, and
activated macrophages, microglia and granulocytes
create and release a series of cytokines, such as in-
terleukin-1p (IL-1B), IL-6, IL-17 and tumor necrosis
factor.”> **! IL-1B and tumor necrosis factor are able to
enhance the signal transduction of glutamate, which
can further increase the synaptic transmission between
nociceptive C fibers in zones I and II of the spinal
lamina and neurons. The opening of the N-meth-
yl-D-aspartate (NMDA) receptor on glutamate-con-
trolled calcium channels results in long-term potentia-
tion on the synapses of C fibers, which is an important
mechanism of hyperalgesia." 3"

Damage to AQP4 leads to water balance disorder.
At the same time, the expression of other molecules
co-expressed with AQP4 in the lipid raft domain, in-
cluding excitatory amino acid transporter 2 (EAAT2), is
also decreased. EAAT2 plays an important role in glu-
tamate metabolism in astrocytes. A decrease in EAAT2
expression leads to a delay in extracellular elimination
of glutamate and results in an elevation of extracellular
glutamate concentration in areas damaged by NMOSD.
Consequently, abnormal neuronal excitation and exci-
totoxic tissue injury occur.*% 3

a-Amino-3-hydroxy-5-methyl-4-isoxazolepropionic
acid (AMPA) receptors are highly expressed in some
inhibitory neurons, and these neurons are very sen-
sitive to high glutamate concentrations. Therefore,
these neurons are influenced by the excitotoxicity of
glutamate much earlier and more strongly than oth-
er neurons.®* Such damage could destroy the bal-
ance between excitatory and inhibitory conduction of
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noxious stimulation, decrease the excitation threshold,
increase neuroexcitability and neurotoxicity, and lead
to pain symptoms such as spontaneous pain, hyperal-
gesia, and allodynia.?’

Disorder of inhibitory y-aminobutyric acid and
glycine metabolism Pain signaling in the spinal cord
includes not only bidirectional excitatory conduction
but also a strong inhibitory effect to inhibit pain sig-
nals and relieve pain. y-aminobutyric acid (GABA) and
glycine are the two most important inhibitory neu-
rotransmitters in the nociceptive stimulus system.**
GABA and glycine can prevent the formation of spon-
taneous pain and allodynia, as well as the regional
generalization of hyperalgesia. They can also prevent
long-term potentiation formation on the synapses of
C fibers to maintain an appropriate reaction for pain
stimulation, which plays a significant role in the in-
hibitory pathway for nociceptive stimuli. After neuro-
nal injury, decreased K*-CI" exchange channel activity
and increased Na*K*-Cl” exchange channel activity
can both influence chloride exchange to increase
intracellular chloride concentrations and result in
enhanced apoptosis of inhibitory interneurons in the
spinal cord.[®® 31

In the central nervous system, glycine is trans-
formed into glutamine and released by astrocytes.
Glutamine is then taken up through active trans-
port by GABAergic neurons and transformed back
to glycine. Glycine is further transformed into GABA
after decarboxylation to take part in the inhibito-
ry process.®® When neurons are injured, astrocyte
death destroys the stabilization of the glycine-glu-
tamine-GABA pathway; as a result, the inhibitory
pathway is damaged.

Neurons in the inhibitory pathway are damaged
by anti-AQP4 antibody Inhibitory neurons are main-
ly distributed in the periaqueductal gray.® The an-
ti-AQP4 antibody can bind to the AQP4 protein in the
periaqueductal gray to directly destroy cells in the
inhibitory pathway. Therefore, pain inhibition is de-
creased, and pain symptoms are aggravated.

NMOSD AND PAIN-DEPRESSION
COMORBIDITY

Epidemiology

Pain and depression always coexist, and the concur-
rence of the two diseases is called pain-depression
comorbidity. The prevalence of pain-depression comor-
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bidity is not clear because of the inconsistency among
different studies. Rayner and colleagues reported in
their research after the investigation of 1204 patients
with chronic pain that 60.8% of patients met the cri-
teria for a diagnosis of depression. Moreover, 33.8%
of patients even met the diagnostic criteria for severe
depression.” Consequently, depression should be
evaluated in patients with chronic pain. The number
of studies on NMOSD accompanied by pain-depression
comorbidity is limited due to the low prevalence of the
disease. In a study that recruited 71 NMOSD patients,
48% had accompanying NeP, and 28% had moderate
to severe depression. Researchers also found that the
severity of pain and depression were significantly cor-
related with each other.*

Mechanism

There is no research on the mechanism of pain-depres-
sion comorbidity in NMOSD available in the literature.
As mentioned above, glutamate and GABA play import-
ant roles in the mechanism of pain in NMOSD patients.
It is noteworthy that some studies have reviewed
whether glutamatergic system hyperfunctiont! *?!
and GABAergic system hypofunction** *? are both re-
lated to depression.

In animal models, signal enhancement of the ex-
citatory glutamate receptor complex was correlated
with allodynia and hyperalgesia, including NMDA re-
ceptors and AMPA receptors.*”! Goffer and colleagues
indicated that glutamate receptors in the nucleus ac-
cumbens are related to chronic pain-related depres-
sive behavior.*® They found that the GluA1 subunit of
the AMPA receptor in the nucleus accumbens was in-
creased, so more AMPA receptors were calcium perme-
able. Interestingly, this type of receptor could relieve
depressive symptoms without reducing pain. As a re-
sult, they speculated that this might be a compensato-
ry mechanism of pain-related depression. Consequent-
ly, calcium-permeable AMPA receptors might become a
new therapeutic target in the future for the treatment
of pain-depression comorbidity.

GABAergic system hypofunction was also related
to pain-depression comorbidity; however, research in
this area was also limited. Satat and colleagues found
in their study that drugs inhibiting the GABA reuptake
channel GABA transporter 1 could relieve symptoms of
pain and depression in mice. This revealed that the el-
evation of GABA levels might be effective for the treat-
ment of comorbidities.™”
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Diagnosis, evaluation and treatment

International consensus diagnostic criteria for NMOSD
were published in Neurology magazine in 2015 and
have been widely used in clinical practice.”*®! The clas-
sification and severity of pain-depression comorbidity
accompanied by NMOSD are always evaluated by mul-
tiple assessment scales. These scales are divided into
three types: pain assessment scales, depression as-
sessment scales, and quality of life assessment scales.
Pain assessment scales can be used to evaluate the
type, symptoms, nature, location, and severity of pain
and the degree of relief after treatment. Depression
assessment scales are used to evaluate the severity
of depression. Physicians use quality of life assess-
ment scales to tell how much the disease influences a
patient’s quality of life. Here, we summarize the most
widely used assessment scales for pain-depression co-
morbidity evaluation in NMOSD patients, as shown in
Table 1.

Steroids and immunosuppressive drugs have been
widely used for NMOSD treatment. Pulsed steroid ther-
apy such as methylprednisolone at a dose of 1 g given
intravenously for 3 to 5 days and plasma exchange for
5 to 7 procedures every other day have been proved
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to be effective in treating severe NMOSD relapse.[*® *”

Intravenous immunoglobulins might also be benefit
in NMOSD relapse treatment, but data was limited.”"
With improved understanding of the mechanism of
NMOSD, many new therapeutic strategies have recent-
ly been evaluated such as Satralizumab and Tocilizum-
ab interfering with IL-6 receptor signalling, Eculizumab
preventing complement activation, and Inebilizumab
targeting on AQP-4 antibody producing cells, providing
realistic hope that NMOSD patients could be treated
more effectively.”

Other than the treatment of the primary disease,
NMOSD, analgesia and depression treatment are the
most important ways of controlling symptoms of pain
and depression. As one of the symptoms that most
severely influences patient quality of life, only a few
patients with pain receive analgesic treatment, and the
effect of medication is far from satisfactory.!** 3 2% 2¢]
It has been proven that, compared with multiple scle-
rosis patients, NMOSD patients have more accompany-
ing pain symptoms and need higher doses of analgesic
drugs but are less sensitive to treatment.?!! Pain-de-
pression comorbidity influences patient quality of life
even more severely but attracts insufficient attention.

Table 1. Assessment scales for pain-depression comorbidity evaluation in NMOSD patients and their characteristics

Name of scales Characteristics
Pain assessment scales
NRS Pain severity evaluation
DN4 Screening NeP
LANSS Self-reported by patients, screening NeP
BPI Overall assessment of pain, including severity, location, nature, and relief degree after treatment
NPSI NeP symptom evaluation

Depression assessment scales

BDI Most widely used depression evaluation scale
PHQ-9 High sensitivity and specificity in screening depression in patients with chronic pain
SDS-Zung Can be finished within 5 min, easy to use

HADS Used for the evaluation of anxiety and depression

Quality of life assessment scales

SF-36 Most widely used evaluation of HRQoL

MSQoL
GJCF-NMOSD

Specific evaluation scale for HRQoL in MS and NMOSD patients
Specific evaluation scale for HRQoL in MS and NMOSD patients

NMOSD: neuromyelitis optica spectrum disorder; NRS: Numerical Rating Scale; DN4: Douleur Neuropathique 4 Questions
(Neuropathic Pain Four Questions in French); NeP: Neuropathic Pain; LANSS: Leeds Assessment of Neuropathic Symptoms
and Signs Pain Scale; BPI: Brief Pain Inventory; NPSI: Neuropathic Pain Symptom Inventory; BDI: Beck’s Depression
Inventory; PHQ: Patient Health Questionnaire; SDS-Zung: Zung Self-rating Depression Scale; HADS: Hospital Anxiety and
Depression Scale; SF: Social Functioning; HRQoL: Health-Related Quality of Life; MSQoL: Multiple Sclerosis Quality of Life;
MS: multiple sclerosis; GISF-NMOSD: Guthy-Jackson Charitable Foundation-Neuromyelitis Optica Spectrum Disorder.
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Chavarro and colleagues reported that only 40% of
patients with moderate to severe depression received
anti-depression treatment among NMOSD patients
with comorbidities, and only 50% of the treatment was
effective.!™

Studies suggested that pain and depression were
highly intertwined so that some antidepressants also
had analgesic effects such as serotonin and norepi-
nephrine antidepressants.™ Lots of drugs were avail-
able to control pain-depression comorbid symptoms
including anticonvulsants (gabapentin, pregabalin,
carbamazepine, oxcarbazepine), antispasticity medi-
cations (baclofen, tizanidine, diazepam), opioids (fen-
tanyl, oxycodone), tricyclic antidepressants (amitrip-
tyline), selective serotonin norepinephrine reuptake
inhibitor (SNRI, duloxetine), selective serotonin
reuptake inhibitors (SSRI, citalopram), and atypical
antidepressants (mirtazapine), et al.'** ?*! Non-drug
treatment was also important for pain-depression
comorbidity treatment in NMOSD patients. Recently,
Mealy and his colleagues proved that Scrambler ther-
apy for 10 consecutive weekdays could significantly
release pain and depression symptom safely.”" The
neglect of pain-depression comorbidity in NMOSD
patients leads to late treatment for the symptoms. If
pain intervention is not provided as early as possible,
the effect of drugs will be influenced, especially when
the severity of pain and depression reach a certain
degree. If preventive intervention is provided for the
early treatment of NMOSD, the therapeutic effect will
be greatly improved.

CONCLUSIONS

NMOSD patients always suffer from pain, mainly
NeP. A large proportion of these patients have pain-de-
pression comorbidity, which influences patients’ qual-
ity of life to a great extent and deserves attention.
Limited proportion of patients with pain-depression
comorbidity receive treatment, and the effectiveness
of the current strategy is far from satisfactory. Psy-
chotropic and behavioral therapies usually aimed at
treating depression might also be useful for releasing
pain symptoms, more drugs targeting specific effective
site have been evaluated to better control comorbidity
symptoms. What’s more, non-drug therapies also have
caught our attention. More studies on the mechanism
and therapeutic method of pain-depression comorbid-
ity in NMOSD are required. Early detection, early in-
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tervention, and early treatment should be provided, all
of which will be significantly important for improving
quality of life in NMOSD patients.
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