
Neuropathic

Research Paper

Specific symptoms may discriminate between
fibromyalgia patients with vs without objective test
evidence of small-fiber polyneuropathy
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Abstract
Introduction: Multiple studies now confirm that ;40% of patients with fibromyalgia syndrome meet diagnostic criteria for small-
fiber polyneuropathy (SFPN) and have objective pathologic or physiologic evidence of SFPN, whereas 60% do not. Given
possibilities that tens or hundreds of millions globally could have SFPN, developing screening tools becomes important.
Objectives: This analysis explored whether specific symptoms might help distinguish these fibromyalgia endophenotypes.
Methods:With institutional review board approval, all adults tested for SFPN by distal-leg skin biopsy or autonomic function testing
at Massachusetts General Hospital in 2014 to 2015 were queried about symptoms. Inclusion required a physician’s fibromyalgia
syndrome diagnosis plusmeeting the American College of Rheumatology 2010 Fibromyalgia Criteria. The primary outcomewas the
validated Small-fiber Symptom Survey, which captures severity of all known SFPN-associated symptoms. The Composite
Autonomic Symptom Score-31, Short-Form Health Survey-36, and Short-Form McGill Pain Questionnaires provided secondary
outcomes.
Results: Among the 39 participants, 14 had test-confirmed SFPN (SFPN1) and 25 did not (SFPN2). Their pain severity did not
differ. Paresthesias (“tingling”) were different (worse) in the SFPN1 group (3.14 6 0.9 vs 2.28 6 1.1; P 5 0.16). Their component
subscore for dysautonomia symptoms was also worse (10.42 6 4.0 vs 7.16 6 4.0; P 5 0.019). Receiver operating characteristic
analyses revealed that each item had fair diagnostic utility in predicting SFPN, with areas under the curve of 0.729. No secondary
questionnaires discriminated significantly.
Conclusion: Among patients with fibromyalgia, most symptoms overlap between those with or without confirmed SFPN.
Symptoms of dysautonomia and paresthesias may help predict underlying SFPN. The reason to screen for SFPN is
because—unlike fibromyalgia—its medical causes can sometimes be identified and definitively treated or cured.
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1. Introduction

Fibromyalgia syndrome (FMS) refers to a constellation of un-
explained body-wide and multi-organ symptoms. The most
common are widespread chronic pain, fatigue, exercise

intolerance, gastrointestinal symptoms, and cognitive concerns.
It is surprisingly common, with 1% to 5% prevalence in western
countries.11,26 Fibromyalgia had no known biomedical causes
until multiple laboratory results recently reported evidence
consistent with small-fiber polyneuropathy (SFPN) in almost half
of patients.1,12,19,24

Small-fiber polyneuropathy is a biologically plausible explana-
tion for the FMS symptom complex. The small unmyelinated
autonomic and C-fibers and thinly myelinated A-delta neurons
mediate the nocifensive sensations, regulate many organs and
tissues, and participate in inflammation and injury responses to
help protect the body from external and internal dangers.13 The
multifunctionality of small fibers explains why SFPN often causes
multiple symptoms. The spontaneously firing nociceptive C-fibers
identified in both fibromyalgia and SFPN19 appear to cause the
widespread chronic pain characteristic of both illnesses. Other
symptoms come from impaired small-fiber control of the
circulation. Dysregulated blood flow within skeletal muscles
(neurogenic myovasculopathy), also identified in both condi-
tions,1,4 is the best current explanation for the chronic fatigue and
exercise intolerance characteristic of them both. Small-fiber
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polyneuropathy is also increasingly appreciated to affect the
central nervous system, a phenomenon often termed “brain fog.”
This happens directly because the central axons of peripheral
nervous system sensory fibers penetrate into the spinal cord and
some ascend to the brain3,17 and through postsynaptic and
network effects that can be radiologically imaged.8 Neurogenic
vasculopathy can further impair cognitive function, as can tertiary
effects including depression, reduced exercise, and poor
sleep.15,18

Patients with fibromyalgia can be helped by detecting any
underlying SFPN because it is a neurological disorder with
identified pathobiology for which there are generally accepted,
consensus-endorsed objective pathological and physiological
tests.6,10 When these confirm the presence of SFPN, it can
reduce concerns about psychosomatic causality, guide medical
care, and improve insurer reimbursement. Treatments that raise
blood pressure and improve organ perfusion can improve
previously intractable symptoms including exercise intolerance
and chronic fatigue.16 Most importantly, some of the medical
causes of SFPN, eg, diabetes, can be tested for and sometimes
definitively treated.9 Since small-fiber axons grow continuously
throughout life, they can reinnervate their targets to restore
function when neurotoxic conditions improve. However, with
FMS so prevalent, it is impossible to test all patients with
diagnostic tests for SFPN. More practical screening tools could
find wide application.

The symptoms of fibromyalgia and SFPN overlap more than
appreciated. Survey of 85 patients with objectively confirmed
SFPN identified their most severe symptoms as “Tiredness
(fatigue),” “Reduced endurance or strength for activities,” “Deep
pains or aches,” “Tingling or Pins and needles,” and “Difficulty
thinking, concentrating, or remembering.”23 Our group at the
Massachusetts General Hospital (MGH) has been developing the
patient-reported MGH Small-fiber Symptom Survey (MGH-SSS)
to capture all common symptoms. It performed satisfactorily in
initial validation, with good internal consistency, excellent test–
retest reliability, and good-to-fair convergent validity.23 Here, we
explored ability of the MGH-SSS to differentiate between patients
with FMSwith vs without objective evidence of SFPN. To the best
of our knowledge, this is the first such attempt.

2. Methods

2.1. Source of subjects and allocation into study groups

In this retrospective project, data collected from participants in the
recent validation study of the MGH-SSSwere reanalyzed.23 These
were patients who had been referred for multisymptom illnesses at
theMGH, a tertiary-care university hospital that serves primarily the
north-eastern United States. Eligibility required age 18 years and
older, having fibromyalgia (defined below), English fluency, and
having undergone at least one of the consensus-recommended
objective diagnostic tests for SFPN: (1) a distal-leg, PGP9.5-
immunolabeled skin biopsy, which requires density of epidermal
nerve fibers#fifth centile of predicted and (2) diagnostic composite
Autonomic Function Testing (AFT). This includes 4 domains: heart
rate variability during deep breathing, heart and blood-pressure
responses to Valsalva maneuver and tilt, and quantitative
sudomotor axon reflex testing. The standard for AFT confirmation
of the SFPN diagnosis is $2/4 domains with results outside the
recommended reference range.12 These tests were conducted in
MGH’s accredited clinical diagnostic laboratories in 2014 to 2015.
Allocation as SFPN1 required having at least one of the clinical test
reports interpreted as diagnostic for SFPN. Participants were

recruited using an invitation letter followed by a phone call, and all
provided informed consent to a protocol approved by the
hospital’s institutional review board. Patients who completed the
study received $15 compensation.

2.2. Fibromyalgia status

Inclusion into this study required having both a clinical diagnosis of
FMS plus meeting the modified American College of Rheumatology
(ACR) 2010 Fibromyalgia diagnostic criteria.27 The presence of
a medical diagnosis of FMS was established by screening patients’
paper and electronic medical records for this diagnosis. The ACR
criteria are based on responses to the patient-reported fibromyalgia
symptom severity (FSS) questionnaire and quantified with the
Widespread Pain Index (WPI) and Symptom Severity (SS) scores
(range 0–12).27 For the WPI, patients report areas that were painful
during the last week. There are 19 areas (eg, left upper arm, right hip
(buttock and trochanter), and left lower leg), thus WPI scores range
between 0 and 19. For the SS, subjects rate the severity of 3
symptoms during the past week: fatigue, waking unrefreshed, and
cognitive symptoms. All are rated from 0 (no problem) to 3 (severe:
pervasive, continuous, and life-disturbing problems). The severity of
somatic symptom is rated on a scale from 0 (no symptoms) to 3 (a
great deal of symptoms). The FSS final score, which sums of the
severity of the 3 symptoms plus the general severity of somatic
symptoms, ranges between 0 and 12. To meet the diagnostic
criteria for FMS, respondents must meet these 3 criteria: (1) WPI$7
andSS$5 orWPI 3-6 andSS$9, (2) symptomspresent at a similar
level for at least 3 months, and (3) no other disorder that would
otherwise explain the pain.

2.3. Outcome measures

All qualifyingparticipants completed theMGH-SSS, a33-itemsurvey
designed to capture symptomsof SFPNof any or unknowncause.23

They reported the presence and severity of 32 potential symptoms
using a 0 to 4 scale ranging between “0” 5 not at all to “4” 5 very
much (0 not at all, 1 a little bit, 2 somewhat, 3 quite a bit, and 4 very
much). The instructions were “Rate how much you have been
affected by each symptom below in the last week.” The 33rd item is
the 0 to 10 numerical pain rating scale asking respondents to rate
“Intensity of your chronic widespread pain (on both sides of your
body) at its worst during the last week.” The MGH-SSS generates
a total score, and subscores for the 5 statistically driven distinct
components derived from exploratory factor analysis.23 Component
1 was mainly gastrointestinal and component 2 mainly somatosen-
sory symptoms. Component 3 contained miscellaneous symptoms
without evident link. Component 4 comprised largely vascular
symptoms, andcomponent 5containedall theurological symptoms.

To provide secondary outcomes, all participants also com-
pleted theComposite AutonomicSymptomScore-31, a validated
survey of autonomic symptoms of neuropathy,20,22 the well-
established Short-Form McGill Pain Questionnaire-2,5 and the
Medical Outcomes Study Short-Form Health Survey (SF-36),
a broadly used screen of overall patient-reported health.25

2.4. Data capture and analysis

All data were captured using the Research Electronic Data
Capture System (REDCap), a secure web-based application for
capturingmedical data.7 Analyseswere conductedwith SPSS for
Windows version 23 (Chicago, IL). Independent t tests were used
to assess differences in measurements between the 2 study
groups, and the chi-square statistic was used to assess
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differences in proportions. Receiver operating characteristic
analysis was performed to assess the predictive value of
symptoms in prediction of SFPN status. P values $0.05 were
considered significant. Data were presented as mean 6 SD. No
corrections for multiple comparisons were applied.

3. Results

Among the original cohort of 159 patients,23 52 (33%) met the
2010 ACR FSS-based research criteria for FMS, and the medical
records of 42 corroborated the diagnosis. Among them, 3 had

medical diagnosis of FMS but did not meet the modified ACR
2010 Fibromyalgia diagnostic criteria. Thus, 39 patients with FMS
meet inclusion criteria for this study. The results of skin biopsy
and/or AFT confirmed the presence of SFPN in 14 patients with
FMS (SFPN1), whereas in 25, they did not (SFPN2). There were
no demographic differences (age, sex, and race) between the 2
groups.

Table 1 reports the severity scores for each MGH-SSS–
captured symptom in the entire cohort and stratified by study
group. Among all participants, as well as in each of the study
groups, the most severe symptoms were deep pains or aches,

Table 1

Symptom severity scores from the MGH Small-Fiber Symptom Survey (MGH-SSS).

Symptom Entire cohort (n5 39) SFPN1 (n 5 14) SFPN2 (n 5 25) P

Mean SD Mean SD Mean SD

Individual items
1. Tiredness (fatigue) 3.38 0.71 3.36 0.84 3.40 0.65 0.860
2. Reduced endurance or strength for
activities

3.36 0.63 3.50 0.65 3.28 0.61 0.300

3. Headaches 2.18 1.27 2.36 1.08 2.08 1.38 0.522
4. Difficulty thinking, concentrating, or
remembering

2.82 1.07 2.57 1.28 2.96 0.93 0.284

5. Eye difficulties (dry, sensitive to light, and
hard to focus)

2.51 1.27 2.71 1.20 2.40 1.32 0.467

6. Changed pattern of sweating on body 1.72 1.47 2.21 1.58 1.44 1.36 0.115
7. Less hair growth on lower legs or feet 1.08 1.35 1.57 1.45 0.80 1.22 0.086
8. Need to move legs often for comfort 2.26 1.39 2.50 1.45 2.12 1.36 0.420
9. Skin that hurts for no reason 2.74 1.46 3.14 1.17 2.52 1.58 0.170
10. Skin that itches for no reason 2.13 1.40 2.36 1.39 2.00 1.41 0.452
11. Skin that hurts after gentle contact (touch,
breeze)

2.18 1.30 2.57 1.34 1.96 1.24 0.160

12. Skin that burns or requires cooling for
comfort

1.92 1.60 2.14 1.61 1.80 1.61 0.527

13. Skin that has less sensation (numbness) 2.38 1.27 2.86 1.10 2.12 1.30 0.082
14. Tingling or “pins and needles” 2.59 1.09 3.14 0.86 2.28 1.10 0.016
15. Deep pains or aches 3.44 0.64 3.36 0.63 3.48 0.65 0.572
16. Deep vibration or fluttering 1.23 1.37 1.07 1.21 1.32 1.46 0.592
17. Feeling dizzy or faint when standing up 2.33 1.24 2.57 1.34 2.20 1.19 0.378
18. Rapid heartbeat 1.79 1.56 1.79 1.52 1.80 1.61 0.979
19. Swelling in hands or feet 1.72 1.47 2.29 1.44 1.40 1.41 0.070
20. Skin with unusual color or changes in
color

1.69 1.62 2.00 1.66 1.52 1.61 0.383

21. Blisters or sores inside mouth 0.79 0.89 0.86 0.95 0.76 0.88 0.749
22. Blisters, sores, or ulcers on feet and
hands

0.23 0.71 0.43 1.09 0.12 0.33 0.319

23. Less appetite or unintended weight loss 1.05 1.36 1.07 1.54 1.04 1.27 0.946
24. Stomach quickly full or bloated after
meals

2.26 1.52 2.14 1.61 2.32 1.49 0.731

25. Nausea or vomiting 1.56 1.43 1.79 1.42 1.44 1.45 0.476
26. Abdominal pain 1.74 1.52 1.29 1.38 2.00 1.55 0.161
27. Diarrhea 0.79 1.08 0.71 1.39 0.84 1.07 0.732
28. Constipation 2.10 1.48 2.36 1.55 1.96 1.46 0.430
29. Urinary frequency, urgency, or accidents 1.62 1.35 2.36 1.49 1.56 1.29 0.737
30. Difficulty starting to urinate 0.95 1.26 1.00 1.30 0.92 1.26 0.852
31. Difficulty completely emptying bladder 1.28 1.41 1.57 1.45 1.12 1.39 0.345
32. Difficulty with sexual function 1.49 1.52 1.21 1.31 1.64 1.63 0.409
33. Chronic Widespread Pain (CWP) 7.74 1.82 7.86 1.70 7.68 1.91 0.775

Component 1 (gastrointestinal; 3, 23, 24, 25,
and 28)

9.15 5.15 9.71 5.01 8.84 5.30 0.618

Component 2 (somatosensory; 9, 11, 12, and
32)

8.33 4.13 9.07 4.53 7.92 3.93 0.411

Component 3 (miscellaneous; 1, 2, 5, 18, and
27)

11.85 4.26 12.07 3.60 11.72 2.92 0.742

Component 4 (microvascular; 6, 7, 10, 19, and
20)

8.33 3.17 10.42 3.99 7.16 4.01 0.019

Component 5 (urological; 29, 30, and 31) 3.85 13.08 4.29 3.56 3.60 2.97 0.524

Total SSS score 41.51 13.08 45.57 14.59 39.24 11.86 0.15

Bold text, statistically significant p values. MGH, Massachusetts General Hospital; SFPN, small-fiber polyneuropathy.
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tiredness (fatigue), and reduced endurance or strength for
activities. Among the individual MGH-SSS items, the presence
of paresthesias (ie, tingling or “pins and needles”) was the only 1
with significant differential representation. It was more severe in
the SFPN1 group (3.146 0.9) than in the SFPN2 group (2.286
1.1; P 5 0.16).

We then analyzed SSS symptoms grouped into the sub-
scores generated by principal component analysis.23 The
subscore of component number 4 was significantly higher in
the SFPN1 (10.46 4.0) than in the SFPN2 groups (7.26 4.0; P
5 0.019). Component 4 clusters the symptoms: “Skin with
unusual color or changes in color,” ”Less hair growth on lower
legs or feet,” “Changed pattern of sweating on body,” “Swelling
in hands or feet,” and “Skin that itches for no reason.”
Diagnostic potential of the item “Tingling” and of component 4

subscore in predicting SFPN status was then evaluated by
receiver operating characteristic analysis. As shown in Figure 1,
each of these had an area under the curve of 0.729 (Fig. 1).
Regarding the numeric pain rating score captured by the MGA-
SSS, the entire cohort reported mean pain severity 7.74 6 1.8,
and there were no significant differences between the groups
(P 5 0.775, mean pain severity of 7.86 6 1.7 in SFPN1 and
7.68 6 1.9 in SFPN2).

The total and subscores of secondary outcome measures are
summarized in Table 2. There were no differences in scores on
the Composite Autonomic Symptom Score-31, McGill pain
questionnaire, and the SF-36 between the 2 groups. The only
trend (P5 0.078) was in the SF-36 mental component summary,
where the SFPN1 group (52.06 6 28.2) had higher scores than
the SFPN2 group (39.69 6 4.2).

Figure 1. Receiver operating characteristic (ROC) plot for detecting SFPN status by component 4 subscore and by the item “Tingling.” SFPN, small-fiber
polyneuropathy.

Table 2

Secondary outcomes by group.

Measure Entire cohort (n 5 39) SFPN (n 5 14) Non-SFPN (n 5 25) P

Mean SD Mean SD Mean SD

COMPASS-31
Orthostatic intolerance 15.18 13.27 12.00 13.94 16.96 12.82 0.269
Vasomotor 1.82 1.73 1.85 1.74 1.80 1.76 0.939
Secretomotor 5.38 4.63 5.05 4.17 5.57 4.95 0.741
Gastrointestinal 8.15 5.32 7.27 6.46 8.64 4.64 0.447
Bladder 1.54 2.10 1.43 2.24 1.60 2.06 0.811
Pupillomotor 1.88 1.26 1.67 1.41 2.00 1.17 0.432
Total COMPASS-31 score 33.95 22.48 29.26 22.92 36.57 22.25 0.343

McGill
Continuous pain 3.4 2.52 3.63 3.18 3.27 2.14 0.709
Intermittent pain 2.76 2.68 2.70 2.88 2.79 2.62 0.916
Neuropathic pain 2.83 2.12 2.86 2.13 2.82 2.16 0.959
Affective descriptors 2.71 2.31 2.14 2.50 2.02 2.18 0.255
Total McGill score 2.95 2.16 2.90 2.35 2.97 2.10 0.915

SF-36
Physical component summary 43.18 26.66 52.16 31.39 37.94 4.6 0.152
Mental component summary 44.98 24.26 52.06 28.23 39.69 4.17 0.078
Total SF-36 score 44.08 22.98 53.11 29.18 38.82 3.45 0.111

COMPASS-31, Composite Autonomic Symptom Score; SF-36, Short-Form Health Survey; SFPN, small-fiber polyneuropathy.
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4. Discussion

This is the first exploration of whether patient-reported symptoms
might help screen patients with fibromyalgia for the presence or
absence of SFPN, as defined by standard clinical interpretations
of the consensus-recommended objective clinical diagnostic
tests. This investigation used theMGH-SSS questionnaire, which
quantitates the presence and severity of the most prevalent
patient-reported symptoms of SFPN, regardless of their cause.
The major findings are that 1 symptom (tingling) and 1 subscore
(component 4, which sum the scores of vascular symptoms)
demonstrated fair predictive value in predicting SFPN status in
patients with fibromyalgia. Thus, screening for these particular
symptoms might help identify those patients with fibromyalgia
most likely to have biomarker evidence of SFPN.

Among individual symptoms, “Tingling or pins and needles”
was more severe in the SFPN1 group. This is biologically
plausible because paresthesias present in half of patients with
SFPN2 are caused by spontaneous activity in myelinated
cutaneous afferents.14,21 They are fairly specific for nerve
involvement. Among the 5 MGH-SSS symptom clusters,
component 4, which mostly reflects dysautonomic symptoms,
was also more severe in the SFPN1 group.

The study’s major limitation is recruitment bias. This was
a single-hospital study, plus the comparator population was
patients in whom their physicians had enough concern for the
possibility of SFPN that they referred their patients for testing. The
fact that these were a subset of patients originally recruited to
validate the MGH-SSS adds additional likelihood of studying
patients with fibromyalgia particularly interested in SFPN. Thus
some “control” patients may also have SFPN. Although these
biases reduce the chance of detecting real differences, the major
initial group to target for screening is symptomatic patients, not
asymptomatic controls in the community. Subsequent studies
should include patients with fibromyalgia in whom neither
physicians nor patients nor have concerns about possible SFPN.

Another limitation is that the study’s small size only provided
sufficient power to detect very large effects. For instance, it could
not assess whether component 4 scores correlated with
abnormal AFT results, which should be further explored. Although
larger studiesmight have identified smaller significant differences,
only large effects can be developed into screening tools, so they
should remain the major focus. Furthermore, the fact that
participants’ diagnostic testing was nondiagnostic for SFPN
does not entirely preclude this diagnosis but rather makes it far
less likely. Because there is no consensus case definition of SFPN
yet, the negative predictive value of these tests can not be
measured. For instance, patients using high salt and hydration to
treat orthostatic hypotension can test false normal on the tilt table.
Regarding skin biopsies, patients with nonlength dependent
neuropathies or those with patchy damage can have normal
neurite densities in 1 small biopsy from a single location. Last,
given that no correction for multiple comparisons was performed,
our findings should be regarded as hypothesis that requires
further testing.

However, the need for a screening questionnaire is greatest in
patients in the population studied here, patients with fibromyalgia
in whom there is clinical concern about the possibility of SFPN,
and 1 goal of screening would be to predict who might benefit
most from undertaking the actual skin biopsy and/or AFT. A
semantic limitation also deserves mention. The current ACR
diagnostic criteria for FMS state that the diagnosis of FMS can
only be made if the subject does not have a disorder that would
otherwise explain the symptoms. Based on this definition,

patients with FMS with subsequent diagnoses of SFPN (the
SFPN1 group in our study) are instantly no longer considered to
have FMS, per definition. This does not correspond to real-world
medical practice.

To conclude, among patients with diagnoses of fibromyalgia,
most symptoms are present in similar severity between patients
who do or do not have confirmed SFPN further evidence that
these are overlapping populations. A few specific symptoms,
namely the presence and severity of paresthesias and aggregate
symptoms of peripheral autonomic dysfunction, might have
predictive utility for screening among symptomatic patients.
Further efforts are indicated.

Disclosures

The authors have no conflicts of interest to declare.
This work was supported in part by research grants from the

National Institutes of Health (R01-NS093653 and UL1
TR001102), the U.S. Department of Defense (GW140169), and
Lundbeckfonden Pre-Graduate Scholarship in Neurology.

Acknowledgments

The authors thankHeatherM.Downs, BS andKateO’Neill, BA for
clinical research coordination.

Article history:
Received 23 July 2017
Received in revised form 30 October 2017
Accepted 15 November 2017

References

[1] Albrecht PJ, Hou Q, Argoff CE, Storey JR, Wymer JP, Rice FL. Excessive
peptidergic sensory innervation of cutaneous arteriole-venule shunts
(AVS) in the palmar glabrous skin of fibromyalgia patients: implications for
widespread deep tissue pain and fatigue. Pain Med 2013;14:895–915.

[2] Blackmore D, Siddiqi ZA. Diagnostic criteria for small fiber neuropathy.
J Clin Neuromuscul Dis 2017;18:125.

[3] Briner RP, Carlton SM, Coggeshall RE, Chung KS. Evidence for
unmyelinated sensory fibres in the posterior columns in man. Brain
1988;111:999–1007.

[4] Dori A, Lopate G, Keeling R, Pestronk A. Myovascular innervation: axon
loss in small-fiber neuropathies. Muscle Nerve 2015;51:514–21.

[5] Dworkin RH, Turk DC, Revicki DA. Development and initial validation of an
expanded and revised version of the Short-form McGill Pain
Questionnaire (SF-MPQ-2). PAIN 2009;144:35–42.

[6] England JD, Gronseth GS, Franklin G, Carter GT, Kinsella LJ, Cohen JA,
Asbury AK, Szigeti K, Lupski JR, Latov N, Lewis RA, Low PA, Fisher MA,
Herrmann DN, Howard JF Jr, Lauria G, Miller RG, Polydefkis M, Sumner
AJ. Practice parameter: evaluation of distal symmetric polyneuropathy:
role of autonomic testing, nerve biopsy, and skin biopsy (an evidence-
based review). Report of the American Academy of Neurology, American
Association of Neuromuscular and Electrodiagnostic Medicine, and
American Academy of Physical Medicine and Rehabilitation. Neurology
2009;72:177–84.

[7] Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research
electronic data capture (REDCap)—a metadata-driven methodology and
workflow process for providing translational research informatics
support. J Biomed Inform 2009;42:377–81.

[8] Hsieh PC, Tseng MT, Chao CC, Lin YH, Tseng WY, Liu KH, Chiang MC,
Hsieh ST. Imaging signatures of altered brain responses in small-fiber
neuropathy: reduced functional connectivity of the limbic system after
peripheral nerve degeneration. PAIN 2015;156:904–16.

[9] Lang M, Treister R, Oaklander AL. Diagnostic value of blood tests for
occult causes of initially idiopathic small-fiber polyneuropathy. J Neurol
2016;263:2515–27.

[10] Lauria G, Hsieh ST, Johansson O, Kennedy WR, Leger JM, Mellgren SI,
Nolano M, Merkies IS, Polydefkis M, Smith AG, Sommer C, Valls-Sole J.
European Federation of Neurological Societies/Peripheral Nerve Society
Guideline on the use of skin biopsy in the diagnosis of small fiber

3 (2018) e633 www.painreportsonline.com 5

www.painreportsonline.com


neuropathy. Report of a joint task force of the European Federation of
Neurological Societies and the Peripheral Nerve Society. Eur J Neurol
2010;17:903–9.

[11] Lindell L, Bergman S, Petersson IF, Jacobsson LT, Herrstrom P.
Prevalence of fibromyalgia and chronic wide- spread pain. Scand J
Prim Health Care 2000;18:149–53.

[12] Novak P. Quantitative autonomic testing. J Vis Exp 2011:2502.
[13] Oaklander AL, Herzog ZD, Downs HM, KleinMM.Objective evidence that

small-fiber polyneuropathy underlies some illnesses currently labeled as
fibromyalgia. PAIN 2013;154:2310–16.

[14] Ochoa JL, Torebjörk HE. Paraesthesiae from ectopic impulse generation
in human sensory nerves. Brain 1980;103:835–53.

[15] Ocon AJ, Messer ZR, Medow MS, Stewart JM. Increasing orthostatic
stress impairs neurocognitive functioning in chronic fatigue syndrome
with postural tachycardia syndrome. Clin Sci (Lond) 2012;122:
227–38.

[16] Oliveira RKF Tracy JA, Karin AL, Waxman AB, Systrom DM.
Pyridostigmine for exercise intolerance treatment in preload failure.
Proc Am J Respir Crit Care Med 2016;193:A5664.

[17] Patterson JT, Head PA, McNeill DL, Chung K, Coggeshall RE. Ascending
unmyelinated primary afferent fibers in the dorsal funiculus. J Comp
Neurol 1989;290:384–90.

[18] Poda R, Guaraldi P, Solieri L, Calandra-Buonaura G, Marano G,
Gallassi R, Cortelli P. Standing worsens cognitive functions in patients
with neurogenic orthostatic hypotension. Neurol Sci 2012;33:
469–73.

[19] Serra J, Collado A, Solá R, Antonelli F, Torres X, Salgueiro M, Quiles C,
Bostock H. Hyperexcitable C nociceptors in fibromyalgia. Ann Neurol
2014;75:196–208.

[20] Sletten DM, Suarez GA, Low PA, Mandrekar J, Singer W. COMPASS 31:
a refined and abbreviated Composite Autonomic Symptom Score. Mayo
Clin Proc 2012;87:1196–201.

[21] Torebjörk HE, Ochoa JL, McCann FV. Paresthesiae: abnormal impulse
generation insensorynerve fibres inman.ActaPhysiolScand1979;105:518–20.

[22] Treister R, O’Neil K, Downs HM, Oaklander AL. Validation of the
composite autonomic symptom scale 31 (COMPASS-31) in patients with
and without small fiber polyneuropathy. Eur J Neurol 2015;22:1124–30.

[23] Treister R, LodahlM, LangM, Tworoger SS, Sawilowsky S,Oaklander AL.
Initial development and validation of a patient-reported symptom survey
for small-Fiber polyneuropathy. J Pain 2017;18:556–63.
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