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Small fiber neuropathy (SFN) 
is common and can be associ‑
ated with many medical condi‑
tions, including reports of an 
association with COVID‑19. 
A Dutch study suggests a 

prevalence of 52.95 per 100,000 population that increases 
with age.1 Standardized diagnostic criteria for SFN are not 
fully established and skin biopsy remains the diagnostic 
test considered most reliable. Autonomic testing is use‑
ful when autonomic symptoms are present. Screening for 
associated conditions is important for etiology-specific 
treatment to control symptoms and slow down disease 
progression. The significance of new association with 
autoantibodies, including antibodies to trisulfated hepa‑
rin disaccharide (TS‑HDS) and fibroblast growth factor 3 
(FGFR3), needs further investigation. Treatment should be 
individualized to control underlying causes and alleviate 
pain. Intravenous immunoglobulin (IVIG) is ineffective for 
treatment of idiopathic painful SFN. Progression is slow, 
and most people affected by SFN do not develop large 
fiber involvement over time. Symptoms of SFN, includ‑
ing painful paresthesia and dizziness, and sedative side 
effects of pain medications can negatively affect quality 
of life. Early diagnosis and individualized treatment are 
important for controlling SFN symptoms and optimizing 
daily functions. Here, we review the recent advances in the 
diagnosis and management of SFN.

Clinical Presentation
SFN is a common type of peripheral neuropathy that 

predominantly affects small, myelinated Ad fibers and 
unmyelinated C fibers. SFN can affect somatic sensory fibers 
and autonomic C fibers, and most people with SFN have 
predominantly somatic sensory involvement that is often 
painful, especially when associated with amyloidosis, diabe‑
tes mellitus, HIV, sarcoidosis, sodium channelopathy, alcohol 
toxicity, and neurotoxic drug exposure. The pain is usually 
sharp and described as burning, pins and needles, stabbing, 

lancinating, and electric shock like. Patients may also report 
squeeze sensation, coldness, or itchy skin. SFN sensory symp‑
toms are usually worse at night. Examination may show allo‑
dynia, hyperalgesia, and reduced pinprick and thermal sensa‑
tion in affected areas. Motor strength, proprioception, and 
deep tendon reflexes are usually preserved, because these 
are functions of large fibers. Impaired vibratory sensation at 
toes and reduced deep tendon reflexes at ankles, however, 
may be detected in people with SFN later in life, as this is not 
uncommon in this population without neuropathy. 

SFN is mostly length-dependent (LD-SFN), display‑
ing a stocking or stocking-glove pattern of involvement. 
Nonlength-dependent SFN (NLD-SFN) is relatively rare, 
accounting for 20% to 25% of cases of pure SFN.2,3 Sensory 
symptoms and signs in NLD-SFN are usually patchy, asym‑
metrical, migrating or diffuse, and involve the trunk and 
face in addition to the limbs.3 Compared with LD-SFN, 
NLD-SFN is more common in women, occurs earlier in life, 
and has a higher association with immune-mediated con‑
ditions (eg, Sjögren’s syndrome, sarcoidosis, and paraneo‑
plastic syndrome).3

Autonomic dysfunction is frequently seen in SFN associ‑
ated with amyloidosis, sarcoidosis, Sjögren’s syndrome, and 
diabetes mellitus. With autonomic involvement palpitations, 
orthostatic dizziness, skin discoloration, bowel constipation, 
urinary retention, sexual dysfunction, dry eyes, dry mouth, 
and sweating abnormalities may occur. Examination may 
detect dryness, coldness, and skin discoloration in the feet 
and distal legs (ie, red, white, and purple), as well as ortho‑
static tachycardia and hypotension.4 

SFN often negatively impacts quality of life both physically 
and mentally because of neuropathic pain, numbness, and 
dizziness, which may affect gait and lead to falls especially 
later in life when falls are already more common.5,6  

SFN Diagnosis 
Evaluation of SFN consists of confirming the diagnosis 

(diagnostic evaluation) and identifying underlying etiologies 
(etiologic evaluation). 

Small Fiber Neuropathy 
Small fiber neuropathy has a benign course but can affect quality of life; individ-
ualize treatment to control underlying causes and alleviate pain.
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Diagnostic Evaluation
SFN diagnosis should combine symptoms, signs, and 

diagnostic test findings. Standardized diagnostic criteria for 
pure distal SFN are not yet established, although 2 sets of 
diagnostic criteria have been proposed to use for all forms of 
SFN regardless of etiology. These criteria sets are the Diabetic 
Neuropathy Study Group of the European Association for 
the Study of Diabetes (NEURODIAB) criteria, which are 
graded, and the Besta criteria (Table).7,8 

Evaluation should include examination for SFN signs and 
exclude large fiber neuropathy signs, nerve conduction studies 
(NCS) to rule out large fiber polyneuropathy, and skin biopsy 
or quantitative sensory testing (QST). A recent reappraisal 
study showed a strict agreement of these 2 criteria sets for 
diagnosing pure SFN,9 and showed sensory symptoms alone 
are not reliable, whereas sensory signs are reliable, for SFN. 
Skin biopsy with intraepidermal nerve fiber density (IENFD) 
quantification is more accurate than QST and so is considered 
the most reliable test to confirm the diagnosis.7,10 

Skin biopsy is useful for diagnosing not only LD-SFN and 
NLD-SFN but also focal SFN (eg, diabetic truncal neuropathy, 
complex regional pain syndrome, and meralgia parestheti‑
ca).10-14 The 3-mm skin punch biopsy is an in-office procedure 
that is easy to perform and minimally invasive. The sample for 
biopsy is routinely taken from the distal leg, 7 to 10 cm above 
lateral malleolus, and an additional sample may be taken from 
proximal thigh (7-10 cm below the greater trochanter) to 
evaluate the severity and pattern of SFN. If focal or unilateral 
small fiber impairment affects other sites, biopsy specimens 
may be taken from these sites along with contralateral unaf‑

fected sites for comparison. A diagnostic cutaneous nerve 
laboratory should be used for processing and interpretation. 

SFN diagnosis is established when IENFD is reduced in 
comparison to age- and sex-adjusted worldwide normative 
values of IENFD at the distal leg.15 A recent study suggests 
that IENFD at the distal leg might also be influenced by 
ethnic ancestry,16 with normative values potentially need‑
ing further studies and adjustment for specific populations 
to improve the diagnostic sensitivity. Skin biopsy has been 
increasingly used for diagnosing SFN but is limited by a high 
cost. Medical insurance, however, usually approves the test 
after presence of SFN symptoms and absence of large fiber 
polyneuropathy (normal NCS) are documented. 

There are significant limitations to QST,17 including that 
it is not widely available and cannot differentiate whether 
impaired response to sensory stimuli is caused by a periph‑
eral nerve disease or a central nervous system disorder, 
because a proper response requires an intact sensory path‑
way. QST also requires cooperation of patients, and a slow 
response may result from cognitive deficit, poor concentra‑
tion, or other subjective issues. QST is not recommended as 
a stand-alone test for SFN.18 

Autonomic testing is useful when autonomic symptoms 
are present. The quantitative sudomotor axon reflex test 
(QSART) evaluates postganglionic sympathetic unmyelinated 
sudomotor nerve function. QSART and skin biopsy combined 
can increase the diagnostic sensitivity for SFN,19,20 but QSART 
is not widely available. Because QSART is very sensitive to 
antihistamines and antidepressants, which affect sweating, 
these medications should be discontinued 48 hours prior 
to the study. Cardiovascular autonomic testing is useful to 
evaluate those with cardiovascular autonomic symptoms (eg, 
orthostatic intolerance, palpitations, and tachycardia). 

Etiology Evaluation
SFN can be associated with many medical conditions, 

including diabetes mellitus, immune-mediated disorders, 
vitamin B12 deficiency, thyroid dysfunction, monoclonal 
gammopathy, metabolic syndrome, celiac disease, HIV and 
hepatitis C infections, alcohol abuse, neurotoxic drug expo‑
sure, sodium channelopathy, amyloidosis, Fabry disease, 
autoinflammatory diseases, and paraneoplastic syndrome. 
Associated conditions can be identified in about half of 
the SFN cases,3,7,21 with diabetes mellitus being the most 
common in the US.3,22 Immune-mediated conditions (eg, 
sarcoidosis and Sjögren’s syndrome) are more common with 
NLD-SFN than LD-SFN.3 Thorough history taking can help 
identify or raise a suspicion for certain associated conditions 
(eg, metabolic syndrome, alcohol abuse, neurotoxic drug 
exposure, HIV and hepatitis C infections, rapid improvement 
of glycemic control in diabetic patients, and genetic causes). 
Neurotoxic drugs more likely to cause painful SFN include 

TABLE. DIAGNOSTIC CRITERIA SETS FOR 
SMALL FIBER NEUROPATHY

NEURODIAB Besta criteria

Possible Length-dependent 
symptoms and/or signs 
of small fiber damage

At least 
2 of:

Clinical signs  
of small fiber  
neuropathy

Probable Above with normal 
sural nerve  
conduction study

Abnormal QST 
thermal thresh-
olds at foot 

Definitive Both of above and 
reduced IENFD at ankle 

Reduced IENFD 
at distal leg

AND/OR abnormal 
QST thermal thresh-
olds at foot

Without: Large fiber  
neuropathy  
signs or

abnormal NCS

Abbreviations: IENFD, intraepidermal nerve fiber density; NCS, 
nerve conduction studies; NEURODIAB, Diabetic Neuropathy 
Study Group of the European Association for the Study of 
Diabetes; QST, quantitative sensory testing.
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antibiotics (eg, metronidazole, nitrofurantoin, fluoroquino‑
lone, and linezolid), chemotherapeutic agents (eg, bortezo‑
mib, thalidomide, and vincristine), and tumor necrosis factor 
(TNF)-inhibitors. Rapid improvement of glycemic control 
in diabetic patients can induce acute painful neuropathy, 
which usually occurs when HbA1C level is reduced by 2 or 
more percentage points over a 3-month period. The pain 
is severe and refractory to treatment, but spontaneously 
improves after 12 to 24 months.23 

Screening for SFN etiologies begins with a battery of blood 
tests that should be ordered for every person with SFN 
(Box), considering a recent study showed 26.7% of people 
with SFN known to have underlying associated conditions 
before evaluation had additional underlying conditions 
identified at diagnosis of SFN.21 There is still no consensus on 
what blood tests should be done before diagnosing a patient 
with idiopathic SFN if all test results are negative. 

Consider a lip biopsy if Sjögren’s syndrome or seronegative 
sicca syndrome is suspected. Order a chest CT if sarcoidosis 
is suspected. If there is history of gastrointestinal symptoms 
or gluten intolerance, evaluate for celiac disease with tests 
for gliadin and tissue transglutaminase antibodies and small 
bowel biopsy. If amyloidosis is suspected, bone marrow or fat 
biopsy can be helpful (see Neuromuscular Amyloidosis in this 
issue). Skin biopsy may also show amyloid deposition. HIV and 
hepatitis  C serology should be ordered if risk factors are pres‑
ent. Consider genetic testing if there is an early onset of SFN 
symptoms or a positive family history. Sodium channelopathy 
is not exceedingly rare in pure SFN, with a recent screening 
study detecting potential pathogenic variants of voltage-gated 
sodium channel genes, including SCN9A, SCN10A, and SCN11A, 

in 132/1139 (11.6%) patients with pure SFN.24 Genetic screen‑
ing for Fabry disease in people with SFN is not cost-effective 
and should be done only if other clinical features are present.25 
Familial amyloidosis associated with transthyretin (TTR) gene 
mutations usually affects both large and small nerve fibers, and 
should be suspected if renal, cardiac, or hepatic abnormalities 
and bilateral carpal tunnel syndrome are present.26 

New painful paresthesia and numbness within 2 months 
of SARS‑CoV‑2 infection has been observed,27 and some 
individuals with these symptoms also develop intense 
SFN symptoms acutely and diffusely. In a study of 13 indi‑
viduals with this presentation, NCS was normal in all, but 
skin biopsy showed reduced IENFD in 6 of 13, confirming 
SFN. Among the 6 persons with SFN confirmed by biopsy, 
3 had preexisting but controlled associated conditions, 
whereas the others had no neuropathy etiologies identified. 
Neuropathy in some of these individuals was severe and 
did not respond well to symptomatic treatment. Another 
case series reported 27 patients with autonomic symptoms 
0 to 122 days after acute SARS‑CoV‑2 infection. Autonomic 
testing showed postural orthostatic tachycardia syndrome 
in 22%, mild orthostatic intolerance in 11%, and sudomotor 
dysfunction in 36%.28 A case report also described a person 
who developed burning dysesthesias 1 week after receiv‑
ing a second dose of COVID‑19 vaccine, and subsequent 
skin biopsy showed reduced IENFD. The patient responded 
to symptomatic treatment very well with resolution of 
the symptom.29 These reports suggest that COVID‑19 and 
COVID‑19 vaccine reactions may represent new associ‑
ated conditions for SFN. The neuropathy pathogenesis in 
these settings is not clear (see Neuromuscular & Autonomic 
Complications of COVID‑19 in this issue), but may be 
immune-mediated, similar to postviral or postvaccination 
Guillain-Barré yndrome. COVID‑19 has also been reported 
to exacerbate SFN symptoms in a person with a history of 
SFN, and early immunotherapy is effective.30

Autoantibody association with SFN has been reported and 
studied, with a retrospective study of 155 people who had 
cryptogenic SFN and 77 who had amyotrophic lateral scle‑
rosis (ALS) showing 48% of those with SFN had serum auto‑
antibodies to TS-HDS and FGFR-3. AntiTS-HDS antibodies 
were more frequent in those with SFN compared with those 
with ALS. AntiTS-HDS and antiFGFR-3 were more common 
in female persons and those with NLD-SFN.31 Another ret‑
rospective study of 322 people with pure SFN and dysauto‑
nomia detected antiTS‑HDS in 28% and antiFGFR3 in 17%, 
but the presence of these antibodies did not correlate with 
neuropathy symptom scores, autonomic dysfunction, or 
IENFD reduction, making the significance of these antibod‑
ies questionable.32 These findings suggest antiTS-HDS and 
antiFGFR3 are unlikely to be pathogenic, and it is uncertain 
whether presence of these antibodies is an epiphenomenon 

BOX. BLOOD TESTS TO EVALUATE  
ETIOLOGIES OF SMALL FIBER NEUROPATHY

Complete blood count (CBC)

Comprehensive metabolic panel

Hemoglobin A1C

Oral glucose tolerance test (OGTT)

Thyroid stimulating hormone (TSH) and free thyroxine (T4)

Erythrocyte sedimentation rate (ESR)

Antinuclear antibodies (ANA)

SSA and SSB antibodies

Free light-chain IgG

Vitamin B12 and folate levels

HIV and hepatitis C tests

Immunofixation

Others based on clinical history
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indicating immune-mediated SFN. Detection and quanti‑
fication of antiFGFR-3 by enzyme-linked immunosorbent 
assay (ELISA) has been shown inconsistent, which may also 
confound these results.33 Future studies are needed to clarify 
the significance of these antibodies, with improved and stan‑
dardized antibody detection and quantification methods, so 
treating physicians can make decisions whether to order the 
antibody test and know what to do with the results. 

SFN Management 
Management of SFN consists of identifying and treating 

underlying causes, alleviating neuropathic pain, and optimiz‑
ing function. Etiology-specific treatment is the key to improv‑
ing symptoms and prevention of SFN progression. Lifestyle 
modifications helped reduce pain and improve IENFD in 
patients with prediabetic SFN.34 Treatment of sarcoidosis, 
autoimmune diseases, and celiac disease improved SFN 
symptoms caused by these conditions.  A case series of SFN-
associated Sjögren syndrome showed persistent improve‑
ment after IVIG treatment.35 IVIG also had therapeutic effects 
on SFN associated with sarcoidosis in a large cohort study.19 
In contrast, a recent double-blind, randomized, placebo-con‑
trolled trial of IVIG for painful idiopathic SFN had no signifi‑
cant effect on pain.36 It is unknown whether IVIG improved 
numbness or IENFD in idiopathic SFN, but these findings 
suggest that IVIG should be used to treat SFN associated 
with Sjögren or sarcoidosis and not idiopathic painful SFN. 
Controlled trials of IVIG for SFN associated with sarcoidosis 
or Sjögren’s syndrome are needed to confirm efficacy and 
facilitate insurance coverage of IVIG. Such trials, however, 
may be difficult to do because of the small population avail‑
able to participate in clinical trials. Future controlled studies 
will be needed to address whether idiopathic SFN associated 
with autoantibodies responds to IVIg. Because we may see 
more people with painful SFN after COVID‑19 and this may 
be immune-mediated, it would be helpful to study whether 
IVIG can expedite recovery, especially for those with severe 
neuropathy and poor response to symptomatic treatment.

Management of neuropathic pain, which is common in 
SFN and often negatively impacts quality of life, is crucial 
but can be challenging. Many pain medications have seda‑
tive side effects that can limit use of a therapeutic dose. Pain 
medications should be started at a low dose that is increased 
slowly, optimized before adding another pain medication, 
and tapered down whenever possible to achieve the lowest 
effective maintenance dose. Treatment should be individual‑
ized based on a person’s comorbidities, drug tolerability, and 
potential drug-drug interactions. 

Recommended first-line medications include tricyclic anti‑
depressants, serotonin-norepinephrine reuptake inhibitors 
(SNRIs), antiseizure medication pregabalin and gabapentin, 
and topical anesthetics.37,38 Tramadol, a semisynthetic opioid 

analgesic, is a second-line choice. Pain medications can be used 
as monotherapy or in combination to increase efficacy, such 
as gabapentin with nortriptyline and pregabalin or gabapentin 
with tramadol. If pain is localized, topical anesthetics, such 
as lidocaine or capsaicin cream or patches, should be tried 
first to avoid systemic side effects and drug-drug interactions. 
The benefit of topical anesthetics, however, is often limited. 
Chronic opioid use for noncancer-related neuropathy is not 
recommended because of high rates of addiction and overdose 
and worsening of functional outcomes.39 Nonpharmacologic 
management includes transcutaneous electrical nerve stimula‑
tion (TENS), heat, ice, and massage of painful areas. 

The importance of safety cannot be overemphasized, con‑
sidering that pain, numbness, dizziness, and drowsiness can 
lead to physical injuries especially with increasing age. Pain 
medications should be adjusted to minimize the sedative 
side effect. Wearing padded socks and supportive shoes can 
help foot protection and promote ulcer healing. Individuals 
should test their bath water with a body part without 
numbness before putting their feet into the water, be careful 
with cooking, and avoid sleeping with their feet near a fire‑
place.40 Refer patients to physical therapy for gait training if 
a gait abnormality is reported or detected. 

Patient counseling is also important. Most patients with SFN 
experience a slow progressive course, with only a small per‑
centage developing large fiber involvement over time—11.9% 
in one cohort22 and 13% in another.7 Most individuals, howev‑
er, do require chronic pain management and may be distressed 
by pain and worry about developing weakness or losing ambu‑
lation because of the neuropathy. Fear can aggravate pain and 
depression, making treatment difficult. It is thus important 
to reassure patients about the benign course of SFN. It is also 
important to explain that pain medications are used to con‑
trol pain, burning, or tingling, but not numbness. There is no 
medication yet to promote nerve fiber regeneration to reduce 
numbness; however, numbness may improve once etiologies 
are controlled, especially if SFN is relatively mild.  n

1. Peters MJ, Bakkers M, Merkies IS, Hoeijmakers JG, van Raak EP, Faber CG. Incidence and prevalence of small-fiber 
neuropathy: a survey in the Netherlands. Neurology. 2013;81(15):1356-1360.

2. Gemignani F, Giovanelli M, Vitetta F, et al. Non-length dependent small fiber neuropathy. a prospective case series. J 
Peripher Nerv Syst. 2010;15(1):57-62.

3. Khan S, Zhou L. Characterization of non-length-dependent small-fiber sensory neuropathy. Muscle Nerve. 2012;45(1):86-91.
4. Gibbons CH. Small fiber neuropathies. Continuum (Minneap Minn). 2014;20(5 System Disorders):1398-1412.
5. Bakkers M, Faber CG, Hoeijmakers JG, Lauria G, Merkies IS. Small fibers, large impact: quality of life in small-fiber 

neuropathy. Muscle Nerve. 2014;49(3):329-336.
6. Zhou L. Small fiber neuropathy in the elderly. Clin Geriatr Med. 2021;37(2):279-288.
7. Devigili G, Tugnoli V, Penza P, et al. The diagnostic criteria for small fibre neuropathy: from symptoms to neuropathol-

ogy. Brain. 2008;131(Pt 7):1912-1925.
8. Tesfaye S, Boulton AJ, Dyck PJ, et al. Diabetic neuropathies: update on definitions, diagnostic criteria, estimation of 

severity, and treatments. Diabetes Care. 2010;33(12):2285-2293.
9. Devigili G, Rinaldo S, Lombardi R, et al. Diagnostic criteria for small fibre neuropathy in clinical practice and research. 

Brain. 2019;142(12):3728-3736.
10. McArthur JC, Stocks EA, Hauer P, Cornblath DR, Griffin JW. Epidermal nerve fiber density: normative reference range and 

diagnostic efficiency. Arch Neurol. 1998;55(12):1513-1520.
11. Chemali KR, Zhou L. Small fiber degeneration in post-stroke complex regional pain syndrome I. Neurology. 

2007;69(3):316-317.
12. Lauria G, McArthur JC, Hauer PE, Griffin JW, Cornblath DR. Neuropathological alterations in diabetic truncal neuropathy: 

evaluation by skin biopsy. J Neurol Neurosurg Psychiatry. 1998;65(5):762-766.

(Continued on page 53)



NEUROMUSCULAR 
DISORDERS

JULY/AUGUST 2021 PRACTICAL NEUROLOGY 53 

13. Wongmek A, Shin S, Zhou L. Skin biopsy in assessing meralgia paresthetica. Muscle Nerve. 2016;53(4):641-643.
14. Zhou L, Siao P. Lateral femoral cutaneous neuropathy caused by prone positioning to treat COVID-19-associated acute 

respiratory distress syndrome. Muscle Nerve. 2021;63(6):E50-E52. doi:10.1002/mus.27202
15. Lauria G, Bakkers M, Schmitz C, et al. Intraepidermal nerve fiber density at the distal leg: a worldwide normative reference 

study. J Peripher Nerv Syst. 2010;15(3):202-207.
16. Jin P, Cheng L, Chen M, Zhou L. Low sensitivity of skin biopsy in diagnosing small fiber neuropathy in Chinese Americans. J 

Clin Neuromuscul Dis. 2018;20(1):1-6.
17. Backonja MM, Attal N, Baron R, et al. Value of quantitative sensory testing in neurological and pain disorders: NeuPSIG consensus 

[published correction appears in Pain. 2014 Jan;155(1):205]. Pain. 2013;154(9):1807-1819. doi:10.1016/j.pain.2013.05.047.
18. Shy ME, Frohman EM, So YT, et al. Quantitative sensory testing: report of the Therapeutics and Technology Assessment 

Subcommittee of the American Academy of Neurology. Neurology. 2003;60(6):898-904.
19. Tavee JO, Karwa K, Ahmed Z, Thompson N, Parambil J, Culver DA. Sarcoidosis-associated small fiber neuropathy in a large 

cohort: clinical aspects and response to IVIG and anti-TNF alpha treatment. Respir Med. 2017;126:135-138.
20. Thaisetthawatkul P, Fernandes Filho JA, Herrmann DN. Contribution of QSART to the diagnosis of small fiber neuropathy. 

Muscle Nerve. 2013;48(6):883-888.
21. de Greef BTA, Hoeijmakers JGJ, Gorissen-Brouwers CML, Geerts M, Faber CG, Merkies ISJ. Associated conditions in small 

fiber neuropathy - a large cohort study and review of the literature. Eur J Neurol. 2018;25(2):348-355.
22. MacDonald S, Sharma TL, Li J, Polston D, Li Y. Longitudinal follow-up of biopsy-proven small fiber neuropathy. Muscle 

Nerve. 2019;60(4):376-381.
23. Gibbons CH, Freeman R. Treatment-induced neuropathy of diabetes: an acute, iatrogenic complication of diabetes. Brain. 

2015;138(Pt 1):43-52.
24. Eijkenboom I, Sopacua M, Hoeijmakers JGJ, et al. Yield of peripheral sodium channels gene screening in pure small fibre 

neuropathy. J Neurol Neurosurg Psychiatry. 2019;90(3):342-352.
25. Cazzato D, Lauria G. Small fibre neuropathy. Curr Opin Neurol. 2017;30(5):490-499.
26. Adams D, Suhr OB, Hund E, et al. First European consensus for diagnosis, management, and treatment of transthyretin 

familial amyloid polyneuropathy. Curr Opin Neurol. 2016;29(Suppl 1):S14-S26.
27. Abrams RMC, Simpson DM, Navis A, Jette N, Zhou L, Shin SC. Small fiber neuropathy associated with SARS-CoV2 

infection. Muscle Nerve. 2021. (submitted)
28. Shouman K, Vanichkachorn G, Cheshire WP, et al. Autonomic dysfunction following COVID-19 infection: an early experi-

ence. Clin Auton Res. 2021;31(3):385-394.
29. Waheed W, Carey ME, Tandan SR, Tandan R. Post COVID-19 vaccine small fiber neuropathy [published online ahead of 

print, 2021 Apr 13]. Muscle Nerve. 2021;64(1):E1-E2. doi:10.1002/mus.27251
30. Novak P. Post COVID-19 syndrome associated with orthostatic cerebral hypoperfusion syndrome, small fiber neuropathy 

and benefit of immunotherapy: a case report. eNeurologicalSci. 2020;21:100276. doi:10.1016/j.ensci.2020.100276
31. Levine TD, Kafaie J, Zeidman LA, et al. Cryptogenic small-fiber neuropathies: serum autoantibody binding to trisulfated 

heparan disaccharide and fibroblast growth factor receptor-3. Muscle Nerve. 2020;61(4):512-515.
32. Trevino JA, Novak P. TS-HDS and FGFR3 antibodies in small fiber neuropathy and dysautonomia. Muscle Nerve. 2021;64(1):70-76.
33. Samara V, Sampson J, Muppidi S. FGFR3 antibodies in neuropathy: what to do with them? J Clin Neuromuscul Dis. 

2018;20(1):35-40.
34. Smith AG, Russell J, Feldman EL, et al. Lifestyle intervention for pre-diabetic neuropathy. Diabetes Care. 2006;29(6):1294-1299.
35. Pindi Sala T, Villedieu M, Damian L, et al. Long-term efficacy of immunoglobulins in small fiber neuropathy related to 

Sjogren’s syndrome. J Neurol. 2020;267(12):3499-3507.
36. Geerts M, de Greef BTA, Sopacua M, et al. Intravenous immunoglobulin therapy in patients with painful idiopathic small 

fiber neuropathy. Neurology. 2021;96(20):e2534-e2545. doi:10.1212/WNL.0000000000011919
37. Bril V, England J, Franklin GM, et al. Evidence-based guideline: treatment of painful diabetic neuropathy: report of the 

American Academy of Neurology, the American Association of Neuromuscular and Electrodiagnostic Medicine, and 
the American Academy of Physical Medicine and Rehabilitation [published correction appears in Neurology. 2011 Aug 
9;77(6):603. Dosage error in article text]. Neurology. 2011;76(20):1758-1765. doi:10.1212/WNL.0b013e3182166ebe 

38. Moulin D, Boulanger A, Clark AJ, et al. Pharmacological management of chronic neuropathic pain: revised consensus 
statement from the Canadian Pain Society. Pain Res Manag. 2014;19(6):328-335.

39. Hoffman EM, Watson JC, St Sauver J, Staff NP, Klein CJ. Association of long-term opioid therapy with functional status, 
adverse outcomes, and mortality among patients with polyneuropathy. JAMA Neurol. 2017;74(7):773-779.

40. Vinik AI, Strotmeyer ES, Nakave AA, Patel CV. Diabetic neuropathy in older adults. Clin Geriatr Med. 2008;24(3):407-435.

Lan Zhou, MD, PhD
Professor 
Department of Neurology
Director 
Boston Medical Center Cutaneous Nerve Laboratory 
Boston University School of Medicine
Boston, MA

Susan Shin, MD
Assistant Professor
Department of Neurology
Icahn School of Medicine at Mount Sinai
New York, NY

Disclosures
LZ and SS report no disclosures 

(Continued from page 39)


