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Abstract
Small fiber neuropathy (SFN) is a disorder that affects thinly myelinated Aδ-fibers and unmyelinated C-fibers. 
We present the case of a 56-year-old male with paraproteinemic demyelinating neuropathy and suspected 
neuropathic pain. His examination revealed mechanical hyperalgesia in the feet, but quantitative sensory 
testing (QST) and intraepidermal nerve fiber density (IENFD) were normal. He also underwent examination 
with transcutaneous sinusoidal electric stimulation, a novel functional assessment of unmyelinated C-fibres, 
at distal arm and leg revealing extreme hyperalgesia that improved after Ig treatment in parallel to the pain. 
We suggest that C-fiber hyperexcitability may underlie neuropathic pain even when diagnostic criteria of 
SFN are not met. More studies are needed to further understand small fiber neuropathy and neuropathic 
pain in demyelinating polyneuropathy.
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Introduction

 Small fiber neuropathy (SFN) has been recognized as a distinct disorder that selectively or 
predominantly affects thinly myelinated Aδ-fibers and unmyelinated C-fibers. Common symptoms 
include neuropathic pain (burning, electric shock-like sensation, pins and needles), decreased sensation 
to temperature and pinprick and autonomic disturbances. Until recently, diagnosis was primarily based 
on clinical impression and many patients with SFN were underdiagnosed. The availability of skin biopsy 
with IENFD measurement and QST led to the development of diagnostic criteria based on abnormality of 
at least two clinical signs, IENFD and QST results at the distal leg [1]. SFN is present in many disorders in a 
length- dependent or non length-dependent pattern such as diabetic neuropathy, HIV-related neuropathy, in 
hematological and immune-mediated disorders, fibromyalgia etc [1,2]. It has also been reported to coexist 
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with demyelinating neuropathies such as CIPD and MGUS neuropathies [3-5]. Here, we describe a patient 
with peripheral demyelinating neuropathy and neuropathic pain with increased C-fiber excitability but 
normal IENFD and QST results.

Case Presentation

 A 56-year-old male was referred to our laboratory with gradual onset of numbness and burning 
sensation in both feet and hands starting one year ago. The burning sensation was moderate and had 
impact on his quality of life. Ηis examination revealed mild pin-prick hyperalgesia in the feet. Cranial 
nerves test, muscle strength, deep tendon reflexes, light- touch sensation, vibration and proprioception 
were normal. No autonomic disturbances were found. Cerebrospinal fluid (CSF) protein was elevated 
and nerve conduction studies (NCS) showed demyelinating polyneuropathy. Electromyogram (EMG), 
QST (table A and skin biopsy IENFD at distal leg (Figure 1) were also normal. Laboratory tests revealed 
monoclonal IgG (λ) paraprotein and bone marrow biopsy showed monoclonal IgG (λ) plasma cell dyscrasia 
(6-8%) and multifocal deposition of amyloid P component (+). Further tests did not reveal other amyloid-
related systemic syndrome (eg. renal, liver, heart or gastrointestinal tract) except for the peripheral nerve 
involvement. As polyneuropathy in AL amyloidosis is usually axonal and there was no involvement of 
other amyloid-related systemic syndrome, the patient was not considered to suffer from AL amyloidosis 
and the diagnosis of paraproteinemic demyelinating neuropathy (PDN) was made [6,7]. He was treated 
with IVΙg with clinical improvement concerning the decrease of the intensity of neuropathic pain and 
electrophysiological improvement of the nerve conduction velocities (NCV).

 Two years later the patient relapsed mainly with symptoms of severe neuropathic pain. NCV were 
slower but QST and skin biopsy were normal. To investigate the neuropathic pain origin he underwent 
examination with sinusoidal transcutaneous electrical stimulation (intensity 0.2 mA and frequency 4 Hz 
for 60 seconds) at distal arm and leg. Pain intensity was assessed using numeric rating scale (NRS), 
with zero numeric rating scale indicating‚ no pain and 10 numeric rating scale indicating‚ maximum 
pain. The patient experienced intolerable pain after 15 seconds of stimulation with NRS 10 at distal leg 
which is exceptionally high even among neuropathic pain patients [8,9]. At the follow up examination, 
after treatment with IVΙg, he showed clinical improvement of neuropathic pain and improvement of NRS 
scale after sinusoidal transcutaneous stimulation (NRS scale 8 at distal leg after 60 seconds of stimulation). 
Pain ratings in the hands showed as well high score at distal hand (NRS scale 10 after 15 seconds) before 
treatment and improvement of NRS scale after treatment (NRS scale 9 after 60 seconds) respectively.

Discussion

 Dysfunction of small nerve fibers has been already reported in demyelinating neuropathies such 
as CIDP [4,5,10]. Although pathophysiology is not yet known, one explanation could be secondary axonal 
damage after chronic or severe demyelination [11]. In a study by Kokotis et al. the axon flare reaction to 
electrical stimulation, which is a reflex vasodilation based on activation of skin C fiber nociceptors, was 
decreased indicating small nerve fiber dysfunction [5]. Moreover, skin and nerve biopsies of patients with 
CIDP have shown decreased IENFD or unmyelinated nerve fiber degeneration, respectively [4,10]. Howe-
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ver, no clear correlation between pain intensity (spontaneous pain and evoked allodynia) and IENFD were 
found [4,12,13]. This indicates that hyperexcitability of nociceptors is not reflected in the current IEFN 
parameters, but potentially might be assessed with advanced analysis approaches including branching pat-
terns [14].

 Neuropathic pain has been lately defined as ‘pain caused by a lesion or disease of the somatosensory 
system [15]. In painful neuropathies pain is associated to spontaneous activation and hyperexcitability of 
mechanoinsensitive C-nociceptors [16]. Transcutaneous electrical sinusoidal stimulation allows the selec-
tive activation of C-nociceptors and therefore,  patient’s pain ratings primarily reflect peripheral activation 
of C-nociceptors [8,9]. Our patient did not meet the current SFN criteria, but the presence of neuropathic 
pain, pin-prick hyperalgesia in the feet and extreme pain upon transcutaneous sinusoidal stimulation sug-
gest a functional hyperexcitability of C nociceptors. In our opinion transcutaneous sinusoidal stimulation 
could be a complementary functional test for small nerve fiber dysfunction when neuropathic pain is pre-
sent. Corroborating this view, our patient’s symptoms and test results with sinusoidal transcutaneous sti-
mulation improved after treatment with IVIg. IVIg is first line treatment for CIDP, Guillain Barre Syndrome 
and MMN. However it has been lately used for treatment of idiopathic painful SFN as patients tend to ex-
perience decreased pain severity post treatment [17]. Further studies about IVIg in idiopathic SFN even in 
patients with recently discovered SFN trisulfated heparin disaccharide (anti-TS-HDS) or fibroblast growth 
factor receptor-3 (FGFR3) autoantibodies are ongoing [18-20]. Therefore patient’s improved symptoms 
and test results could be due to efficacy of IVIg on small nerve fibers besides large myelinated ones. 

Conclusions

 The past few years new diagnostic tools of SFN have been developed. In patients with neuropathic 
pain however, the absence of SFN according to current diagnostic criteria does not necessarily rule out 
hyperexcitability of Aδ and C fibers. More studies are required to further our understanding of mechanisms 
determining the development of neuropathic pain in small fiber neuropathy.
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