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Abstract Chronic pain is one of the most commonly reported
symptoms among sarcoidosis patients. Not only does it
significantly affect quality of life, but it also is a source of
frustration for both the patient and physician because the
etiology for pain often is unknown. Although patients
typically complain of neuropathic-type pain, nerve conduction
studies and other conventional diagnostic procedures fre-
quently fail to reveal objective evidence of neurologic disease.
However, in recent years, the growing use of specialized tests
such as skin biopsy and sudomotor testing has helped to
establish the diagnosis of small-fiber neuropathy as the cause
of pain in these patients via objective and quantifiable means.
Management of sarcoidosis small-fiber neuropathy should
consist of target-directed treatment of the underlying disease
and appropriate symptomatic therapy.

Keywords Small-fiber neuropathy - Pain - Sarcoidosis -
Autoimmune

Introduction

Chronic pain is one of the most commonly reported symptoms
among patients with sarcoidosis [1, 2], a multisystemic
inflammatory disorder characterized by the presence of
granulomas. Neurological complications of sarcoidosis are
well described and notably include cranial neuropathies such
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as Bell’s palsy or optic neuropathy. Neuropathic pain also is
frequently reported, with one study documenting the
complaint of burning feet in up to 30% of patients with
sarcoidosis [3]. In nearly a third of these cases, the diagnostic
evaluation revealed evidence of a small-fiber neuropathy [3].
Small-fiber neuropathy is a peripheral nerve disorder that
affects thinly myelinated A fibers and unmyelinated C
fibers, which are involved in somatic and autonomic function
[4<]. While somatic nerve fibers mediate cutaneous sensation,
predominantly of pain and temperature, autonomic nerve
fibers innervate sweat glands and involuntary muscles such as
cardiac and smooth muscle fibers. Small-fiber neuropathy
thus refers to an abnormality of one or both modalities, which
results in pain and/or autonomic nerve dysfunction.

While a generalized large-fiber polyneuropathy is seen in
only about 1% of patients with sarcoidosis [5, 6],
sarcoidosis small-fiber neuropathy (SSFN) increasingly is
being diagnosed given the more widespread recognition of
the disorder and availability of special diagnostic proce-
dures. The emergence of autonomic testing and skin biopsy
for the evaluation of intraepidermal nerve fiber (IENF)
density has aided physicians greatly in their ability to detect
the presence of organic neuropathology in patients with
sarcoidosis presenting with chronic pain and paresthesias.
This is especially important in those with no objective
findings on examination or who have multifocal areas of
sensory disturbance in a non—length-dependent distribution.
First described by Hoitsma et al. [7] in 2002, SSFN likely is
much more common than previously thought and now is
being considered as a potential source of pain in the
evaluation of patients with sarcoidosis.

Clinical Features

Patients with SSFN usually present with prominent somatic
nerve dysfunction, such as pain, numbness, burning

@ Springer



202

Curr Pain Headache Rep (2011) 15:201-206

dysesthesias, sheet intolerance, and vibrating or electric
shock-like sensations [7, 8¢]. At onset, symptoms are
migratory and intermittent, but later become constant, and
then slowly progress over time. Other cases may present in
a subacute manner and then rapidly evolve into diffuse,
generalized paresthesias. In many instances, the distribution
of neuropathic pain does not follow a length-dependent
pattern as is usually seen with large-fiber disease, in which
the distal portion of the limbs are affected before the
proximal sites; symptoms typically begin in the feet and
slowly ascend to the level of the knees, at which point the
hands may become affected [9, 10].

On the other hand, the symptoms of patients with SSFN
may begin with numbness and burning symptoms in the feet,
but they then spread quickly in a patchy, noncontiguous
distribution. Patients often report unilateral flank numbness,
chest tingling, thigh pain, or constant facial paresthesias;
many of them describe a crawling, vibrating sensation in and
around their lips. In our experience and that of others, SSFN is
commonly non-length-dependent and is manifested as
prominent sensory disturbances in the trunk, face, or more
proximal portions of the limbs [9, 10]. In addition, the
involved areas may be exquisitely tender to temperature
extremes. The sensation from a momentary rush of cold air
due to a light breeze or with opening a door has been
reported by many patients to simulate the feeling of knives
against their skin, which can be excruciatingly painful and
last for minutes at a time.

Although limb strength and proprioception are unaffected
in patients with SSFN, which theoretically results in preserved
ambulation even with a protracted course, the diffuse pain can
be so severely disabling that this in itself can limit a patient’s
ability to walk and perform activities of daily living. For some
patients, symptoms often are worse during periods of inactivity
as with prolonged sitting, standing, and lying down, while
other patients report worsening of symptoms with exertion of
the affected limbs. It is unsurprising that, despite having
multiorgan involvement, many patients with sarcoidosis often
will report small-fiber neuropathy symptoms as the most
troubling from a quality-of-life standpoint.

Patients with SSFN also may experience autonomic
disturbances such as changes in sweating patterns (hyperhi-
drosis or hypohidrosis), orthostatic intolerance, gastrointestinal
dysmotility (nausea, constipation, diarrhea), secretomotor
symptoms (sicca), facial and limb flushing, cardiac palpi-
tations, sexual dysfunction, and bowel/bladder disturbances
[7, 8¢]. Autonomic involvement in SSFN tends to occur in
combination with somatic manifestations rather than as an
isolated finding. In a recent study evaluating the correlation
between autonomic and somatic dysfunction, patients with
SSFN who had higher scores on a self-reported autonomic
symptom scale (indicating increased symptoms of autonomic
dysfunction) also were found to have increased severity of
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pain compared to healthy control patients and patients with
sarcoidosis without symptoms of small-fiber neuropathy
[L1]. Other studies utilizing cardiovascular autonomic func-
tion testing and 123I-MIBG (metaiodobenzylguanidine)
scintigraphy have demonstrated the presence of cardiac
sympathetic dysfunction in up to 50% of patients with SSFN
[12, 13]. Although not as commonly seen as pain and
paresthesias, autonomic nerve involvement in the setting of
SSFN needs to be addressed and appropriately treated
because it may result in significant complications.

Finally, fatigue is a major issue that severely impacts
quality of life in patients with sarcoidosis with neuropathy
as well as those without neuropathic pain [5, 14]. Although
a direct cause—effect relationship between fatigue and
small-fiber neuropathy has not been established yet, it also
is a frequent complaint among patients with small-fiber
neuropathy due to other conditions such as diabetes and
hereditary causes. For patients with SSFN, the fatigue is
likely multifactorial due to a combination of chronic pain,
medication side effects, involvement of other organ
systems, and psychosocial factors.

In many cases, the neurologic examination of patients with
SSFN is normal with no abnormalities found despite patient
complaints of severe neuropathic pain. However, some
patients demonstrate allodynia, hyperalgesia, and sensory loss
to pinprick and temperature in the affected areas. Mildly
reduced vibratory sensation in the toes also is seen sometimes
[4¢]. Other large—nerve fiber functions such as propriocep-
tion, motor strength, and deep tendon reflexes remain
unaffected. On general examination, atrophic, smooth, and
shiny skin changes can be present, which also may be
accompanied by discoloration and hair loss in the affected
areas due to sudomotor and vasomotor dysfunction [4¢]. Other
abnormalities on the examination include orthostatic hypo-
tension and varying degrees of tachycardia and bradycardia.

Pathophysiology

Much is known about the pathophysiology of sarcoidosis
neuropathy affecting large nerve fibers, which is characterized
by granulomatous deposition in and around the nerves,
microvasculitis, and/or necrotizing vasculitic changes [6, 15].
Biopsy studies taken from distal large-fiber nerves of affected
sarcoidosis patients have demonstrated the presence of
noncaseating granulomas within both nerve and muscle fibers
as well as macrophage infiltration of the perineurium,
endoneurium, and epineurium [5, 6]. In contrast, the exact
pathology of axon loss in SSFN is unknown. In one recent
study evaluating the skin biopsy findings in patients with
sarcoidosis, those with symptoms of small-fiber neuropathy
were found to have significantly decreased IENFs as
compared to patients with asymptomatic sarcoidosis and
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healthy control patients [3]. This correlates with the reduced
IENF density values seen on the skin biopsy of patients with
small-fiber neuropathy due to other conditions.

Morphologic changes within the axon have been
documented in patients with small-fiber neuropathy [16].
In particular, the finding of axon swelling (up to two to five
times the diameter of normal nerve fibers) may be the
pathological precursor to the loss of small nerve fibers;
their presence predicts degeneration of the IENF, which
correlates with pain and sensory disturbances in patients
with small-fiber neuropathy [16]. The axon swelling is
attributed to the accumulation of cellular debris that is a
result of degeneration of the nerve cytoskeleton and
transport system. Postulated mechanisms include ischemia
and toxic exposure for small-fiber neuropathy due to other
diseases, but have not yet been determined for sarcoidosis.

Genetics also may play a role in the development and
severity of SSFN. Susceptibility to sarcoidosis has been
associated with class II human leukocyte antigens, most
strongly with the presence of the DQBI allele [17]. A study
by Hoitsma et al. [18] found that sarcoidosis patients with the
HLA-DQB1*0602 allele were more likely to have abnormal
temperature-threshold testing consistent with small-fiber
neuropathy than healthy control patients. In addition, the
degree of severity for overall disease progression was worse
in patients with the allele than those without it [18].

Diagnostic Studies

For the patient with sarcoidosis presenting with neuropathic
pain, the diagnosis of small-fiber neuropathy may be
established with a variety of currently available tests. Many
of the published SSFN studies utilized skin biopsy for
evaluation of IENF density and quantitative sensory testing
(QST), which evaluates subjective thermal-threshold testing
[3, 7, 8, 11]. Autonomic studies, which include sudomotor,
tilt table, and heart rate variability to deep breathing, also
have been reported to be of benefit in patients with SSFN,
especially those with symptoms related to autonomic
dysfunction [8e, 11-13]. Although conventional peripheral
nerve studies, most notably nerve conduction studies and
needle electromyogram, are designed to evaluate large nerve
fibers and will not show abnormalities in the patient with
pure small-fiber neuropathy, they may be considered in the
diagnostic evaluation of SSFN to exclude the possibility of
subclinical large-fiber involvement, which has been reported
to occur in small-fiber neuropathy due to other causes [19].

Skin Biopsy

As reported in a number of studies, one of the most accurate
tests (up to 88% sensitivity) that can detect the presence of

small-fiber neuropathy due to sarcoidosis or any other
condition is the skin biopsy [3, 4, 19, 20e]. Its use is
supported by the American Academy of Neurology (AAN) as
well as the European Federation of Neurological Societies and
is considered by some to be part of the gold standard for the
diagnosis of small-fiber neuropathy [19, 20, 21]. The
procedure consists of a small 3-mm punch biopsy taken from
the lower extremity, usually in at least two sites: the distal leg
and proximal thigh. The tissue then undergoes immunostain-
ing with an antibody to protein gene product 9.5, a panaxonal
marker, and is examined under a microscope for the number of
small nerve fibers seen in the epidermis. The calculated IENF
densities then are compared to normative values, with a
reduced number considered diagnostic for small-fiber neu-
ropathy [22]. Although the IENF densities may be within
normal limits early in the disease, morphological changes
such as axonal swelling may be seen and are thought to be
predictive of degeneration as discussed previously [4e, 16].

Quantitative Sensory Testing

The QST is a psychophysical test in which patients are given
an objective stimulus, usually pain or thermal sensation, when
evaluating for small-fiber neuropathy, and their responses then
are recorded according to a rating scale that is specific
for pain and temperature (cold and/or warm) thresholds with
predetermined normative values. Despite the administration
of technically calibrated stimuli from a QST device, the
recorded response is subjective, which reduces the ability to
transpose results from one laboratory to another and also
decreases reproducibility [23]. In addition, the results may be
affected by several external factors including patient moti-
vation, age, and background [23]. In one study evaluating
the use of QST and skin biopsy for painful small-fiber
neuropathy, a diagnostic efficiency of 46.9% was seen for
QST compared to 88.4% for skin biopsy [20]. Although
another study found the reproducibility of QST to be higher
than that of quantitative sudomotor axon reflex testing (or
QSART [discussed below]) in the setting of neuropathy
related to impaired glucose tolerance, the most current AAN
guidelines recommend that QST not be used in isolation as
the sole indicator of peripheral nerve dysfunction, and that
abnormalities should be supported by other clinical or
diagnostic means [23, 24].

Autonomic Testing

Two main types of autonomic testing have been found to be
helpful in sarcoidosis: sudomotor and cardiac testing. The most
common type of sudomotor testing for SSFN is QSART, which
evaluates the volume and rate of sweat output in the upper and
lower extremities. Electrodes on the limbs record the sweat
output parameters in response to stimulation of sweat glands
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via acetylcholine iontophoresis. This noninvasive procedure,
which is usually 30 minutes in duration, is perceived by most
patients to be only mildly uncomfortable. Patients report
feeling a small electrical stimulus during iontophoresis, but
the test is otherwise well tolerated. With a sensitivity ranging
from 62% to 72.8% in small-fiber neuropathy cases, the
QSART is an objective study that is complementary to the skin
biopsy [25, 26]. It may be especially helpful in patients with
non—length-dependent SSFN because the arm is routinely
included in the examination.

Because cardiac dysautonomia frequently is seen with
sarcoidosis, specific testing of cardiovagal and adrenergic
function is an essential part of the comprehensive SSFN
evaluation [13]. The recorded variability in heart rate
response to deep breathing and the Valsalva ratio, which
is calculated from blood pressure changes in response to the
Valsalva maneuver, are simple procedures that have been
used to test cardiovagal function in patients with SSFN [8e,
27]. Adrenergic function is evaluated by recording incre-
mental changes in heart rate and blood pressure in response
to head-up tilt-table testing. Results are compared to
normative data, with abnormalities indicative of cardiac
autonomic dysfunction. Of note, primary cardiac involve-
ment can result in abnormalities as well. However, further
studies such as cardiac positron emission tomography and
1231-MIBG scintigraphy can help exclude this possibility.

In some cases, the onset of small fiber—neuropathy
symptoms may precede the diagnosis of sarcoidosis by weeks
to months. Although the diagnostic evaluation of sarcoidosis
is beyond the scope of this article, the inclusion of potential
sarcoidosis markers such as the serum angiotensin-converting
enzyme (ACE) should be considered in the routine evaluation
of a small-fiber neuropathy, especially those that present in a
subacute, non—length-dependent manner, and are associated
with systemic manifestations.

It also is important to consider other nonsarcoidosis
causes of small-fiber neuropathy in patients with biopsy-
proven sarcoidosis. For example, steroid-induced diabetes
is a common complication of long-term steroid use that also
may result in a small-fiber neuropathy in patients with
sarcoidosis. An extensive evaluation to rule out comorbid
conditions or complications of sarcoidosis that may result
in a small-fiber neuropathy, such as thyroid dysfunction,
vitamin deficiencies, or renal impairment, should be
undertaken so that appropriate therapy may be instituted.

Treatment
Although the exact pathophysiology of SSFN is not yet
known, the mechanism of axonal degeneration is suspected

to be immune-mediated. Thus, treatment of the underlying
active sarcoidosis with immunosuppressive therapy is key.

@ Springer

However, in some cases, the symptoms of SSFN persist
despite optimized treatment and resolution of other systemic
manifestations. In these cases, nonconventional immune-
modulating therapies may be helpful. Anecdotal reports on
the use of infliximab, an anti—tumor necrosis factor-« agent,
have shown a significant improvement in SSFN at doses of
3 mg/kg every 4 to 6 weeks [8+, 27]. However, the use of
infliximab for treatment of systemic sarcoidosis has not been
well established yet.

More recently, intravenous immunoglobulin (IVIG) was
reported to be helpful in one sarcoidosis patient with large-
fiber polyneuropathy [28]. Based on this finding, we reported
a small series of patients with SSFN who experienced
resolution of neuropathic pain after an initial loading dose of
IVIG at 2 g/kg followed by tapered maintenance therapy at
0.75 g/kg every 3 weeks; since the publication of this paper,
two of the patients have been able to further taper down the
dose to every 8 weeks [8+]. However, all patients remained
on an aggressive immune-modulating regimen that included
methotrexate and/or infliximab for maintenance therapy for
the sarcoidosis because IVIG was considered adjunct therapy
specifically for the SSFN. Although intravenous and oral
steroids have been shown to improve symptoms of large-
fiber neuropathy in patients with sarcoidosis, they have not
been found to be beneficial for SSFN in our experience and
that of others [5, 8e, 29].

For those patients with SSFN whose symptoms are
refractory to aggressive immune-modulating therapy,
chronic pain management with pain medications as well
as lifestyle modifications should be considered. SSFN
symptoms, especially those that affect the feet and face, can
be disabling and result in chronic depression, anxiety, and
other mood and psychiatric disorders. Therefore, pain
management should be instituted as soon as possible with
the help of a multidisciplinary team. Medications typically
prescribed for neuropathic pain, such as antidepressants and
antiepileptics, can provide some symptomatic relief. Nar-
cotics should be avoided if possible due to the potential
risk of addiction and other adverse effects. However, its use
may be considered in refractory cases when the severity of
pain prevents employment or activities of daily living. For
a list of commonly used medications for small-fiber
neuropathy in general, please see Table 1. Finally, lifestyle
modifications, which include exercise, nutrition, and mind—
body therapies (eg, meditation and tai chi) may improve
pain-reduction and coping skills in patients with painful
neuropathy of all causes [30, 31].

Prognosis

There currently are no longitudinal studies evaluating the
prognosis of SSFN because the entity has been established
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Table 1 Pain medication treatment for small fiber neuropathy in sarcoidosis

Antidepressants Dosage Common side effects
recommendations
Amitriptyline 20-150 mg Sedation, weight gain, anticholinergic effects,
Nortriptyline 20-150 mg sexual dysfunction, arrhythmia (side effects most
Desipramine 20-200 mg prominent in amitriptyline)
Duloxetine 60—120 mg
Anticonvulsants
Gabapentin 300-3600 mg Sedation, dizziness, peripheral edema, weight gain
Pregabalin 150-600 mg Similar to gabapentin
Topiramate 25-400 mg Weight loss, sedation, cognitive slowing, renal stones, paresthesias
Lamotrigine 25-400 mg Stevens—Johnsons syndrome, rash, dizziness, nausea, sedation
Carbamazepine 200-1200 mg Dizziness, sedation, ataxia, aplastic anemia, liver-enzyme elevation
Oxcarbazepine 600-2400 mg Dizziness, nausea, fatigue, leukopenia
Topical anesthetics
5% Lidocaine patch Every 12 hrs Local edema, burning, erythema

Capsaicin 0.75%
Opioids/opioid agonists

3 or 4 times a day
Tramadol 50-400 mg

Oxycodone 10-100 mg

Burning

Sedation, dizziness, seizures, nausea, constipation
Sedation, constipation, nausea; potential for addiction/abuse

Reprinted with permission from Tavee J, Zhou L. Small fiber neuropathy: A burning problem. Cleve Clin J Med 2009; 76:297-305 [4-].

only recently. In one retrospective natural history report of
sarcoidosis polyneuropathy, which included both large- and
small-fiber involvement, the clinical course was described to
be monophasic, in which there was a discrete onset of
symptoms followed by generalized worsening, plateau, and
then improvement [5]. Although the improvement may have
been related to treatment with steroids, no spontaneous
remission was seen [5]. In our experience and that reported
by Hoitsma et al. [27], those patients who do not respond to
immune modulating therapy, including infliximab, steroids,
and IVIG, have a progressive and disabling course with pain
that is often refractory to aggressive pain medication
regimens. Many patients are unable to return to work and
require counseling and psychiatric care due to concomitant or
subsequent development of depression. Fortunately, evolution
to large-fiber nerve involvement is not common among
our patients in contrast to diabetes-related neuropathy,
but long-term follow-up is needed for more definitive
characterization.

Conclusions

Small-fiber neuropathy is a significant complication of
sarcoidosis that should be suspected in patients who present
with a non-length-dependent distribution of neuropathic
symptoms. Confirmation of the diagnosis may be made
with skin biopsy, QSART, and cardiac autonomic testing,
while the QST is considered a complementary diagnostic

tool. Although immune-modulating medications and pain
management are essential in the treatment of SSFN, further
studies are needed to help elucidate therapy options for
those patients with refractory symptoms.

Conflict of Interest
article were reported.

No potential conflicts of interest relevant to this

References

Papers of particular interest, published recently, have been
highlighted as
* Of importance

1. Judson MA. Small fiber neuropathy in sarcoidosis: something
beneath the surface. Resp Med. 2010;105:1-2.

2. Hoitsma E, De Vries J, van Santen-Hoeufft M, et al. Impact of
pain in a Dutch sarcoidosis patient population. Sarcoid Vasc
Diffuse Lung Dis. 2003;20:33-9.

3. Bakkers M, Merkies ISJ, Lauria G, Devigili G, Penza P, Lombardi
R, et al. Intraepidermal nerve fiber density and its application in
sarcoidosis. Neurology. 2009;73:1142-8.

4. » Tavee J, Zhou L. Small fiber neuropathy: a burning problem.
Cleveland Clinic J Med 2009;76:297-305. This is a general
review of small-fiber neuropathy diagnosis and treatment
options.

5. Burns TM, Dyck PHB, Aksamit AJ, Dyck PJ. The natural history
and long-term outcome of 57 limb sarcoidosis neuropathy cases. J
Neurolog Sci. 2006;244:77-87.

@ Springer



206

Curr Pain Headache Rep (2011) 15:201-206

6.

10.

11.

12.

13.

14.

15.

17.

Said G, Lacroix C, Plante-Bordeneuve V, Le Page L, Pico F,
Presles O, et al. Nerve granulomas and vasculitis in sarcoid
peripheral neuropathy: a clinicopathological study of 11 patients.
Brain. 2002;125:264-75.

. Hoitsma E, Faber C, Reulen JPH, Sommer C, De Baets M, Drent M.

Small fibre neuropathy in sarcoidosis. Lancet. 2002;359:2085-86.

. Parambil JG, Tavee JO, Zhou L, Pearson K, Culver DA.

Efficacy of intravenous immunoglobulin for small fiber neurop-
athy associated with sarcoidosis. Resp Med 2010;105:101-105.
This article highlights an important treatment option for sarcoid-
osis small-fiber neuropathy

. Hays A. Utility of skin biopsy to evaluate peripheral neuropathy.

Curr Neurol Neurosci Rep. 2010;10:101-7.

Gorson KC, Hermann DN, Tiagaraghan R. etal. Nonlength
dependent small fiber neuropathy/ganglionopathy. J Neurol.
Neuropsychiatry. 2008;79:163-9.

Pain and autonomic dysfunction in patients with sarcoidosis and
small fiber neuropathy. J Neurol. 2010;257:2086-90.

Smulders NM, Bast A, van Kroonenburgh MJ, Drent M.
Improvement of cardiac sympathetic nerve function in sarcoidosis.
Sarcoid Vasc Diffuse Lung Dis. 2008;25:140-2.

Hoitsma E, Faber C, van Kroonenburgh MJ, Gorgels, APN,
Hladers SG, et al. Association of small fiber neuropathy with
cardiac sympathetic dysfunction in sarcoidosis. Sarcoid Vasc
Diffuse Lung Dis. 2005;43-50.

de Kleijn WP, de Vries J, Lower EE. etal. Fatigue in sarcoidosis: a
systematic review. Curr Opp. Pulm Med. 2009;15:499-506.
Vital A, Lagueny A, Ferrer X, Louiset P, Canron MH, Vital C.
Sarcoid neuropathy: clinico-pathological study of 4 new cases and
review of the literature. Clin Neuropath. 2008;27:96-105.

. Lauria G, Morbin M, Lombardi R, Borgna M. Axonal swellings

predict the degeneration of epidermal nerve fibers in painful
neuropathies. Neurology. 2003;61:631-6.

Sato H, Grutters JC, Pantelidis P, et al. HLA-DQB1*0201: a
marker for good prognosis in British and Dutch patients with
sarcoidosis. Am J Resp Cell Mol Biol. 2002;27:406—12.

. Voorter CEM, Drent M, Hoitsma E, Faber KG, van den Berg-Loonen

EM. Association of HLA DQB1*0602 in sarcoidosis patients with
small fiber neuropathy. Sarcoid Vasc Diffuse Lung Dis. 2005;22:129—
32.

@ Springer

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

Sharma KR, Saadia D, Facca AG, Resnick S, Ayaar DR. Diagnostic
role of deep tendon reflex measurement in small-fiber neuropathy. J
Peripher Nerv Syst. 2007;12:223-31.

* Devigili G, Tugnoli V, Penza P, Camozzi F, Lombardi R, Melli
G, Broglio L, Graneri E, Lauria G. The diagnostic criteria for
small fiber neuropathy: from symptoms to neuropathology. Brain.
2008:1-14. This is an in-depth review of diagnostic procedures
and causes for small-fiber neuropathy.

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):1513-20.

Lauria G, Cornblath DR, Johansson O, et al. EFNS Guidelines on
the use of skin biopsy in the diagnosis of peripheral neuropathy.
Eur J Neurol. 2005;12:1-12.

Shy ME, Frohman EM, So YT, Arezzo JC, Cornblatj DR, et al.
Quantitative sensory testing: report of the Therapeutics and
Technology Assessment Subcommittee of the American Academy
of Neurology. Neurology. 2003;60:898-904.

Peltier A, Smith AG, Russell JW, Sheikh K, Bixby B, et al.
Reliability of quantitative sudomotor axon reflex testing and
quantitative sensory testing in neuropathy of impaired glucose
regulation. Muscle Nerve. 2009;39:529-35.

Low VA, Sandroni P, Fealey RD, Low PA. Detection of small-fiber
neuropathy by sudomotor testing. Muscle Nerve. 2006;34(1):57-61.
Novak V, Freimer ML, Kissel JT, Sahenk Z, Periquet IM, Nash
SM, et al. Autonomic impairment in painful neuropathy. Neurology.
2001;56(7):861-8.

Hoitsma E, Faber C, van Santen-Houefft M, DeVries J, Reulen
JPH, Drent M. Improvement of small fiber neuropathy in a
sarcoidosis patient after treatment with infliximab. Sarcoid Vasc
Diffuse Lung Dis. 2006;23:73-7.

Heaney D, Geddes J, Nagendren K, Swash M. Sarcoid polyneurop-
athy responsive to intravenous immunoglobulin.

Hoitsma E, Faber C, Drent M, Sharma OP. Neurosarcoidosis: a
clinical dilemma. Lancet Neurol. 2004;3:397-407.

Tavee J, Rensel M, Pope Planchon S, Stone L. Effects of
Meditation on Pain and Quality of Life in Multiple Sclerosis and
Polyneuropathy: A controlled study. Neurology. 2010;74(S2):A160.
Smith AG, Russell J, Feldman EL, et al. Lifestyle intervention for
pre-diabetic neuropathy. Diabetes Care. 2006;29(6):1294-9.



	Sarcoidosis and Small-fiber Neuropathy
	Abstract
	Introduction
	Clinical Features
	Pathophysiology
	Diagnostic Studies
	Skin Biopsy
	Quantitative Sensory Testing
	Autonomic Testing

	Treatment
	Prognosis
	Conclusions
	References
	Papers of particular interest, published recently, have been highlighted as �• Of importance




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


