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ABSTRACT: Small fiber neuropathy (SFN) has a poorly understood pathology, but patients would benefit from determination of clinical
phenotypes that allows for better diagnosis and treatment planning. | propose that patients should be classified dependent on whether there
is sodium channel dysfunction, classic neurologic symptoms only, widespread neuropathic pain, or autonomic symptoms. Patients with SFN
can then be considered in light of their clinical phenotype, allowing for focus on subsets of patients who might have diagnosable conditions
or be more prone to responding to a particular type of therapy that may not be efficacious in the broader patient population with SFN. There
are several therapies currently available that can address the symptoms of SFN; however, to develop novel therapeutic strategies, it will be
imperative to classify patients to understand and target the underlying pathology.
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Introduction

Since the 19th century work of Ramén y Cajal and French
neurologist Charcot, neurologists have focused on localization
with the long-standing belief that only by understanding if a
disease process affects the brain, spinal cord, nerve, and/or
muscle, can the clinician begin to determine the cause of the
specific pathology. In the peripheral nervous system, we now
understand that some diseases can affect all types of nerves, but
others can be confined to just the myelin or just the axon.
Likewise, a disease can affect just large fiber neurons or small
fiber neurons. Even within diseases that affect purely small fib-
ers, we now understand that this can present as purely sensory
disruption such as pain, purely autonomic dysfunction, or in
some patients a combination of both sensory and autonomic.
Being able to parse patients into different subsets of neuropa-
thies allows for a better understanding of the pathophysiology
and potential treatments. One disease that would benefit from
a more specific determination of clinical phenotypes to allow
for a more precise diagnosis and potential improvement in
patient condition is small fiber neuropathy (SFN).

Small fiber neuropathy is the result of damage to peripheral
nerves,! including those that are small and myelinated (AS), as
well as those that are unmyelinated (unmyelinated C fibers).?
In SFN, small somatic and autonomic fibers can be affected.!
Normally, these fibers control thermal and pain perception and
control autonomic and enteric functions. For this reason,
patients with SFN can present with either autonomic or
somatic symptoms, or both. Symptoms are potentially numer-
ous and can include allodynia, burning, lower thermal sensa-
tion, hyperesthesia, paresthesia, numbness in the lower
extremities with potential to affect limbs and trunk, restless leg
syndrome, dry eyes and mouth, abnormal sweating, bladder
control issues, gastric issues, skin discoloration, and cardiac

symptoms.3 Cardiac symptoms include syncope, palpitations,
and orthostatic hypotension. Even without diffuse autonomic
dysfunction, a percentage of patients with postural orthostatic
tachycardia syndrome (POTS) can have SFN.

Small fiber neuropathy has a poorly understood pathology.
It can be a result of a variety of diseases, including diabetes
mellitus, autoimmune disorders such as Sjégren or sarcoidosis,
paraproteinemia, and paraneoplastic syndrome, with diabetes
mellitus being the most common cause of SFN (Table 1).13
Hereditary amyloid neuropathy also results in damage to small
nerve fibers.* Amyloid neuropathies can be multisystemic or
relegated to the cardiac system or only neuropathy.>¢ There can
be some presentation of neuropathy and cardiac symptoms
without being widespread. Familial amyloid neuropathies
include those caused by mutations in transthyretin (T'TR)
amyloidosis, apoprotein A1, and gelsolin.*

Considerations for diagnosis and treatment of small
fiber neuropathies

As shown in Figure 1, patients with SFN can present with a
wide variety of symptoms, both somatic and autonomic.
Although there may sometimes be significant overlap between
these symptoms, patients with SFN can be thought of in terms
of their clinical phenotypes as a way of focusing on smaller
subsets of patients who might have diagnosable conditions or
respond to specific medications that do not treat all patients
with SFN. In that vein, I suggest using the term small fiber
sodium channel dysfunction (SFSCD) as a way of referring to
patients who have symptoms of paroxysmal neuropathic pain
characteristic of mutations in sodium channel proteins such as
NaV1.7,1.8, or 1.9. These patients may previously have been
labeled as having erythromelalgia or other paroxysmal pain
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Table 1. Common causes of neuropathy and the corresponding confirmatory testing.

POTENTIAL CAUSE TESTS TO ORDER

Diabetes mellitus
Impaired glucose tolerance
Sjogren syndrome

Primary systemic amyloidosis

Sarcoidosis

Familial amyloidosis

Fabry disease

Lupus, connective tissue disease

Immune mediated

Vitamin B,, deficiency

Inherited

Celiac

Alcohol, chemotherapy, drug, trauma exposure

HIV

Abbreviation: HbA, ., hemoglobin A,.; ANA, anti-nuclear antibody.

disorders. These patients may differ from other patients with
SFN as they may have genetically proven mutations in their
sodium channels and physiologically proven nerve hyperexcit-
ability without having a reduced intraepidermal nerve fiber
density. While current sodium channel-blocking agents are not
always effective, novel sodium channel blocking drugs could be
revolutionary for this subset of patients, although not helpful to
patients with other causes of painful SFN.78

In addition to patients with sodium channel-mediated
SFN are patients with SFN who have classic neuropathic
symptoms such as burning, tingling, stabbing, and numbness.
These patients can be classified into the group small fiber—
mediated painful neuropathy (SFMPN). These patients will
have reduced intraepidermal nerve fiber density on skin
biopsy in addition to the classic neuropathic symptoms.
Another group of patients who have recently been shown to
have objective evidence for damage to their small fibers are

Fasting glucose, HbA,,
2-h oral glucose tolerance test
SS-A and SS-B
Serum immunofixation
Quantitative immunoglobulins
Serum-free light chains
Tissue biopsy

Skin

Fat pad

Rectal
Serum angiotensin-converting enzyme
Transthyretin gene sequencing
a-galactosidase
ANA
Anti-potassium channel antibody
Anti-nicotinic-ganglionic receptor antibody
B,,, methylmalonic acid
SCNO9A (mutation in Nav1.7 ion channel)
SCN10A (mutation in Nav1.8 ion channel)
Gliadin antibody
Transglutaminase antibody
History

HIV testing

patients who have more widespread pain, experiencing mus-
cle cramps and muscle pain, and in many cases, these patients
have been confused as having fibromyalgia. I propose labeling
the group of these patients who have evidence for objective
loss of small nerve fibers as having small fiber-mediated
widespread pain (SFMWP). These patients often have symp-
toms such as headache, fatigue, irritable bowel syndrome,
cognitive dysfunction, and sleep disturbances. In an extreme
form of these disorders, patients have objective evidence for
autonomic dysfunction: abnormal gastric emptying studies
with nausea and vomiting, abnormal tilt table tests, and
abnormal quantitative sudomotor autonomic reflex testing.
These patients should be labeled as having small fiber—medi-
ated autonomic dysfunction (SFMAD), as their clinical phe-
notype is often overshadowed by gastrointestinal symptoms,
heart rate dysregulation, temperature sensitivities, fatigue,
and irritable bowel syndrome.
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Figure 1. Small fiber neuropathy symptom clusters and neuropathy classifications.

It is clear to see in Figure 1 that there are a variety of symp-
toms that overlap between these different categories of SFNG.
This would be expected as in these cases, the localization of the
pathophysiology is the small nerve fibers. Patients who experi-
ence small fiber hyperexcitability in SFSCD may not be the
same type of patients who experience small fiber medaited
autonomic dysfunction (SFMAD) and thus it may be inap-
propriate to approach their diagnostic algorithm and treatment
in the same way.

Diagnosis

To properly place a patient into the subcategories of SFN, ie,
SFSCD, SFMPN, SFMWP, SFMAD, it is essential to take a
comprehensive history of all the patient’s symptoms. Patients
may need skin biopsies, autonomic reflex screens, gastric emp-
tying studies, etc, to know how many of their symptoms can be
objectively defined. Once a patient is diagnosed as having a
small fiber-mediated disorder, a thorough investigation to
look for potential causes of the neuropathy is required. It is
important to note that this article examines only those patients
with pure SFN, defined as normal neurologic examinations
and normal nerve conduction studies. Table 1 lists common
causes of neuropathy and the corresponding tests to rule those
causes out. A detailed patient history should be taken to deter-
mine whether there is family history of neuropathies, human
immunodeficiency virus risk factors, hepatitis C infection, his-
tory of exposure to neurotoxins, and chemotherapeutics.
Furthermore, laboratory testing including blood counts, meta-
bolic enzymes, lipids, erythrocyte sedimentation rate, thyroid
hormones, antinuclear antibodies, angiotensin-converting
enzyme level, immunofixation testing, vitamin B,, and a glu-
cose tolerance test should be administered. In some cases, spe-
cial laboratory testing may be necessary depending on the

specific medical history of the patient. In severe cases, more
aggressive evaluation can include lumbar puncture, fat pad,
and rectal biopsies, as well as sural nerve biopsies.

Treatments
In the case of SFN that can be attributed to a particular under-
lying cause, the underlying cause should be addressed to mod-
ify the SFN (ie,

dysglycemia-associated SFN).? Pain management and other

glucose  control, exercise for
symptomatic therapies are crucial components of the treatment
regimen for patients with neuropathy, as pain may be amelio-
rated by up to 50%, although elimination of pain is not usually
achieved.”! Limited evidence for specific therapies in the
treatment of neuropathic pain syndromes exist; however, there
are some treatment options that can be effective in treating a
variety of types of SFN.

Two therapies recommended for neuropathic pain include
tricyclic antidepressants (T'CAs) and serotonin-norepinephrine
reuptake inhibitors (SNRIs). Tricyclic antidepressants have a
high level of evidence that support their use in treating neu-
ropathy. They have been suggested to be a first-line therapeutic
for the treatment of chronic neuropathic pain.’® Use of these
drugs potentially requires a process of dose escalation and
proper timing of the dose to mitigate sedating or stimulating
side effects.!% Typically, the doses used for patients with chronic
neuropathic pain are less than those used to exert antidepressant
effects. Serotonin-norepinephrine reuptake inhibitors are also
used to reduce pain associated with neuropathy; their efficacy
derives from their ability to potentiate nociceptive inhibitory
pathways. The dosing for SNRIs to be effective at reducing pain
is typically higher than the doses used for antidepressant pur-
poses.!0 Although this class of drug may be effective for pain
reduction, the side effect profile associated with antidepressants
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may limit their usefulness in certain patients and/or prevent
proper dose escalation.

Anticonvulsant medications are also frequently used in
patients with neuropathic pain. Gabapentin blocks the flux of
calcium through calcium channels in the central nervous sys-
tem, whereas pregabalin reduces the calcium influx in both
peripheral and central neurons.’® Both y-aminobutyric acid
analogues are considered first-line therapeutics.!

Recently, the use of opioids has become controversial. The
Centers for Disease Control and Prevention, as well as the
Food and Drug Administration, has issued guidelines regard-
ing the use of opioids in an effort to combat the growing public
health problem that is opioid abuse and misuse.'>!3 However,
it is possible to use opioids, which typically target the p-opioid
receptor, to ameliorate pain associated with neuropathy,
although use of opioids in those with SFMAD may be prob-
lematic, as exogenous opioids target the enteric nervous system
and worsen gastrointestinal function.! Because opioids can be
abused and misused and may not be efficacious in patients with
SFNss, it is imperative that novel therapeutics are developed
that more specifically target the pathophysiology of SFNs.
Currently, opioids should be considered as a treatment option
only in patients who have resistance to other nonopioid mech-
anisms of treatment and there are very specific guidelines
regarding how to use these drugs.'®1213 In addition, related
drugs such as p-opioid receptor agonist norepinephrine reup-
take inhibitors not only act at the p-opioid receptor but also act
to prevent norepinephrine reuptake.

Topical treatments may also be used to alleviate pain.
Patches that contain drugs such as lidocaine can act locally to
inhibit sodium channels and therefore nerve conduction.
Capsaicin patches can also be used; however, capsaicin targets
the vanilloid TRPV1 receptor; it leads to deterioration of nerve
fibers in the skin which can regenerate within 3 months, there-
fore providing temporary relief. Both pain patches can be used
alone or in combination with other therapeutics.!® Novel treat-
ments under study include targeting transient receptor poten-
tial channels, angiotensin II type 2 receptor (ATR2)
antagonism, intrathecal delivery of medications to reduce sys-
temic exposure, and use of erythropoietin (EPO).

In the case of immune-mediated SFNs, there are different
approaches to treatment that have shown preliminary efficacy
in addressing SFN. One retrospective study of patients with
sarcoidosis-associated SFIN demonstrated that use of intrave-
nous immunoglobulin G, anti-tumor necrosis factor, or a com-
bination thereof resulted in improvement of symptoms.'
There is currently one clinical trial exploring the utility of IVIg
in patients with idiopathic SFN (clinicaltrials.gov:
NCT02637700). ARA 290 is a small molecule that is in devel-
opment to address sarcoidosis-related SFN and it has had early
positive results. It is a small peptide derived from EPO that
targets the innate repair receptor complex.1¢17 Preclinical data
indicate that ARA 290 is capable of supporting the growth of

intraepidermal nerve fibers, and preliminary clinical reports
indicate that ARA 290 can induce small nerve fiber growth
and provide relief from neuropathy symptoms.1%1

Inherited amyloid polyneuropathies can be treated; how-
ever, the treatments can range from conventional neuropathy
drugs to surgical intervention. For example, a first-line treat-
ment for individuals with familial amyloid polyneuropathy
(FAP) due to the Val30Met mutation is liver transplantation.
Removal of the source of the mutant protein and replacement
with a liver donation effectively allow for a 95% reduction in
variant protein from the blood and ultimately has an impact on
disease progression.? In severe cases, liver transplant may be
accompanied by a heart transplant due to cardiomyopathy.?°
Neither of these approaches, however, address the production
of amyloid proteins in other tissues such as the eyes or central
nervous system.”? Although transplantation is an accepted
treatment for FAP, the outcomes for patients have been poor.

Novel approaches to addressing the mutated protein have
been explored. One such tactic is the use of tafamidis.? It is
capable of selectively binding to T'TR to stabilize and prevent
dissociation and aggregation to amyloid deposits.?? Tafamidis
is typically indicated for use in symptomatic TTR-FAP with
proven amyloid deposits.?? In clinical trials, it has been shown
to reduce worsening of nerve function.?3 Diflunisal is a non-
steroidal anti-inflammatory drug (NSAID) that can also bind
to T'TR and stabilize the tetramer.?4?*> A phase 1 study initially
indicated that the generic NSAID was able to stabilize circu-
lating TTR, reducing available substrate for amyloid forma-
tion.”> A 2-year study of the use of diflunisal in patients with
this disease has shown that it can inhibit disease progression.2
A regimen of doxycycline and tauroursodeoxycholic acid has
been explored in a phase 2 study that indicated that the combi-
nation can stabilize disease.?”

Another approach to reduce the amyloid-forming ability of
mutated TTR is to prevent its production in the first place.
Short synthetic oligonucleotides (ASOs) directed against TTR
messenger RNA have been explored as a method of protein
reduction. Current clinical data regarding the use of ASOs are
primarily from healthy volunteers, but there are ongoing trials
to assess the ability of ASOs to control disease progression.?’
Small-interfering RNAs (RNAi) have been brought to phase 2
trials, designed as a lipid nanoparticle delivering RNAi directed
against a 3’ untranslated region of both mutant and wild-type
TTR. A single dose of ALN-T'TR02 reduced TTR produc-
tion?%; phase 2 data indicate that ALN-T'TR02 dose depend-
ently reduces circulating TTR protein. Monoclonal
antibodies have been produced that are designed to target
serum amyloid P component, although this is a common com-
ponent of amyloid deposits, not unique to T'TR. There are cur-
rently ongoing clinical trials with amyloid depleting antibodies;
a phase 1 study has been initiated in patients with systemic
amyloidosis to determine the efficacy in clearing serum amy-
loid. It is currently unclear whether this will affect disease
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progression in patients with TTR amyloidosis or lead to
improved nerve function.?’

Conclusions

To improve patient outcomes for those who have dysfunction
of small nerve fibers and autonomic nerve fibers, it is impera-
tive to be able to parse them into different subgroups. We have
proposed and made an argument that patients should be clas-
sified as follows:

e SFSCD, those with sodium channel dysfunction
o Patients with normal nerve density but known
abnormalities of their voltage gated sodium chan-
nels causing nociceptive dysfunction without loss of
intraepidermal nerve fiber density.

e SFMPN, those with classic neurologic symptoms
o Patients with normal electromyography (EMG)/
nerve conduction velocity (NCV) and neurologic
examinations who have reduced intraepidermal nerve
fiber density and neuropathic pain as their predomi-
nant complaint.

e SFMWP, those with widespread neuropathic pain
o Patients with normal EMG/NCV and neurologic
examinations who have reduced intraepidermal nerve
fiber density who have muscle pain, achy pain as
opposed to neuropathic pain as their predominant
complaint.

e SFMAD, those with autonomic symptoms
o Patients who have autonomic dysfunction as their
predominant complaint, such as POTS, autonomic
instability, and gastroparesis.

Patients should be classified by the type of SFN they
experience to improve management of disease and patient
outcomes. Distinction between patients who have autonomic
dysfunction in addition to the painful neuropathy induced by
small fiber dysfunction is critical to proper treatment and
disease management. For example, individuals diagnosed
with SFMPN may be likely to respond to anticonvulsants
and channel blocking drugs, whereas those with SFMWP
may be more likely to respond to TCAs and SNRIs. Until
patients are classified into the appropriate groups and treat-
ment algorithms adjusted to accommodate the various char-
acteristics of the pathology, will it be possible to address
issues related to the lack of efficacy of some therapeutics in
individuals having SFN.

Not only is patient management affected by the appropriate
classification of a patient’s disease but also future work to
develop novel therapeutics and approaches may be hindered
if the root causes of each disease are not uncovered. Pursuit
of novel therapeutic strategies and agents may stem from

grouping patients together more appropriately and studying
the similarities and differences and systemic effects experi-
enced.’® Ultimately, classifying patients more specifically by
the symptomology with which they present may lead to under-
standing the underlying mechanism of the development of
neuropathy, particularly in determining what causes wide-
spread neuropathy as compared with amyloid neuropathy that
primarily affects particular systems.
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