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Abstract

Objective

Screening for Fabry disease in patients with small fiber neuropathy has been suggested,

especially since Fabry disease is potentially treatable. However, the diagnostic yield of test-

ing for Fabry disease in isolated small fiber neuropathy patients has never been systemati-

cally investigated. Our aim is to determine the presence of Fabry disease in patients with

small fiber neuropathy.

Methods

Patients referred to our institute, who met the criteria for isolated small fiber neuropathy

were tested for Fabry disease by measurement of alpha-Galactosidase A activity in blood,

lysosomal globotriaosylsphingosine in urine and analysis on possible GLA gene mutations.

Results

725 patients diagnosed with small fiber neuropathy were screened for Fabry disease. No

skin abnormalities were seen except for redness of the hands or feet in 30.9% of the

patients. Alfa-Galactosidase A activity was tested in all 725 patients and showed diminished

activity in eight patients. Lysosomal globotriaosylsphingosine was examined in 509 patients

and was normal in all tested individuals. Screening of GLA for mutations was performed for

440 patients, including those with diminished α-Galactosidase A activity. Thirteen patients

showed a GLA gene variant. One likely pathogenic variant was found in a female patient.

The diagnosis Fabry disease could not be confirmed over time in this patient. Eventually

none of the patients were diagnosed with Fabry disease.

Conclusions

In patients with isolated small fiber neuropathy, and no other signs compatible with Fabry

disease, the diagnostic yield of testing for Fabry disease is extremely low. Testing for Fabry
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disease should be considered only in cases with additional characteristics, such as child-

hood onset, cardiovascular disease, renal failure, or typical skin lesions.

Introduction
Small fiber neuropathy (SFN) is a disorder of the thinly myelinated Aδ-fibers and unmyelin-
ated C-fibers. These fibers are responsible for the sensation of temperature and pain and regu-
late a great deal of the autonomic nervous system. As a result, SFN is clinically characterized by
neuropathic pain and autonomic symptoms [1, 2]. Patients with SFN experience different
types of pain mainly described as a burning sensation, itching, prickling, or shooting pains.
These symptoms usually occur in a symmetrical length-dependent pattern [3], but non-length
dependent patterns have been described [4]. SFN is not a rare condition; a recent study showed
a minimum prevalence of 53/100.000 [5]. Many diseases can underlie small nerve fiber dam-
age, such as diabetes or impaired glucose tolerance, HIV infection, immune-mediated disor-
ders (e.g. Sjögren syndrome and sarcoidosis) [2], and hereditary disorders (e.g. sodium channel
gene mutations) [6–8]. Diabetes mellitus is considered one of the most common causes of SFN.
Despite thorough investigations, an underlying cause cannot be identified in 38–48% of the
patients [5, 9].

One of the possible causes of SFN is Fabry disease (FD) [10–12]. FD is an X-linked glyco-
lipid storage disease due to a mutation in the GLA gene. This causes an absent or diminished
activity of the lysosomal enzyme alpha-Galactosidase A (α-Gal A), leading to accumulation of
globotriaosylceramide (lyso-GB3) in different cell types and subsequently to severe multi-sys-
tem disease [13, 14]. The involvement of different cell types leads to various clinical manifesta-
tions, such as cardiovascular disease, renal failure, and skin lesions. The accumulation of lyso-
GB3 also occurs in neurons, which causes neurological symptoms. The symptoms may develop
in different periods of the patient’s life. Shooting pain and discomfort in the hands and feet,
which are triggered by heat, exercise, and stress, are considered the most common symptoms
that patient experience in early childhood and adolescence. About 70% of children and adoles-
cents with classical FD develop pain in hands and feet [15]. These neuropathic pain symptoms
can become more generalized over time [16]. However, it is not clear how often FD is the
underlying cause in patients presenting with SFN.

The relationship between FD and small nerve fiber dysfunction has been described before
[10–14]. The prevalence of SFN cases that are caused by FD is not well known. However, it is
important to identify patients with FD, because it is a treatable disorder. Treatment with
enzyme replacement therapy (ERT) may improve the quality of life and prevent serious and
potential life-threatening complications [17–20]. Early ERT has been suggested to improve
small nerve fiber function [14, 21, 22], although these findings could be not validated by others
[23].

The aim of our study is to investigate the prevalence of FD in a well-defined cohort of
patients diagnosed with SFN and related costs to this diagnostic testing.

Methods

Patients
We included all consecutive patients referred for possible SFN to the Maastricht University
Medical Center (Maastricht UMC+) between August 2006 and April 2015. The diagnosis SFN
was made if patients fulfilled the criteria for SFN as described earlier [2, 24]. These criteria
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include the presence of� 2 typical symptoms for SFN not otherwise explained, no signs of
large fiber involvement, and reduced intraepidermal nerve fiber density [25] and/or abnormal
temperature thresholds in quantitative sensory testing [26, 27].

Screening for FD was performed in all patients with SFN as described in the following.

Biochemical assessments and DNA analysis for FD
Presence of FD was examined through measurement of α-Gal A activity in leukocytes [28],
lyso-GB3 excretion in urine [29] and screening of the GLA gene for mutations. α-Gal A
enzyme activity is considered normal between 30 and 180 mmol/L and diminished<30
mmol/L.

Lyso-GB3 excretion is considered abnormal>0 nmol/mmol creatinine [29]. The measure-
ment of lyso-GB3 excretion in urine was incorporated in our workflow for SFN patients from
April 2012. Variants in the coding and intermediate flanking regions of the GLA gene were
classified according to the Practice Guidelines for the Evaluation of Pathogenicity and the
Reporting of Sequence Variant in clinical Molecular Genetics [30]. Class 1 and 2 variants are
considered non-pathogenic. Class 3 variants have an uncertain pathogenicity. Class 4 variants
are likely to be pathogenic and class 5 variants are certain pathogenic [30].

In men, a normal α-Gal A activity and lyso-GB3 excretion excludes FD [14]. However, if
the enzyme activity is reduced or the lyso-GB3 is increased, screening of the GLA gene for
mutations is required to confirm FD (Fig 1A) [14, 31]. In women, a normal α-Gal A enzyme
activity [15] and normal lyso-GB3 excretion does not rule out FD. Due to skewed X-inactiva-
tion [32], it is known that the clinical manifestations in heterozygous females may range from

Fig 1. Diagnostic algorithm for confirming Fabry disease in SFN patients. (A) Diagnostic algorithm for men. (B) Diagnostic algorithm for women. α-Gal
A: α-galactosidase A, FD: Fabry disease, Lyso-GB3: lysosomal globotriaosylceramide. a Abnormal findings of the GLA gene include class 3 variants
(uncertain to be pathogenic), class 4 variants (likely to be pathogenic), and class 5 variants (certain pathogenic). b The diagnosis FD is confirmed in women
when the abnormal findings of the GLA gene complemented with abnormal findings in the biochemical assessment (α-Gal A and Lyso-GB3).

doi:10.1371/journal.pone.0148316.g001
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asymptomatic to severely affected subjects. As GLA is the only gene in which mutations are
known to cause FD [33], screening of the GLA gene for mutations is the most reliable method
of diagnosing the carrier state in females. Biochemical findings of α-Gal A and lyso-GB3 could
serve as biomarkers of disease severity [29]. Therefore, α-Gal A activity, lyso-GB3 excretion,
screening of the GLA gene for mutations were performed simultaneously in women (Fig 1B)
[14, 34].

Standard protocol approvals, registrations, and patient consents
The Maastricht UMC’s Medical Ethics Committee and Board of Directors approved this study.
According to the Code of Conduct for the use of data in Health Research [35], for this type of
retrospective study, informed consent does not need to be obtained if the data are used anony-
mously and patients are given the opportunity to object against the use of their medical and
personal data for research (which is the case in the Maastricht UMC+). All data were obtained
from medical records. Patient records were anonymized and de-identified prior to analysis.
The individuals described in this manuscript have given written informed consent for publica-
tion of their case details.

Results

Patient selection and general characteristics
A total of 1040 patients were referred to the Maastricht UMC+ for possible SFN. In 771
patients (74%) the diagnosis SFN was confirmed. Forty-six patients with SFN were excluded
from the study based on non-available or incomplete FD diagnostic data. Eventually, a total of
725 patients with SFN were screened for FD (305 (42.1%) men, 420 (57.9%) women). All
patients except seven were adults (99%). The median age of onset of the complaints was 47,
with a standard deviation of 14.3. Possible underlying causes in our patient cohort were diabe-
tes mellitus (n = 35; 4.8%; 4 type 1 diabetes (0,6%), 31 type 2 diabetes (4,3%)), sarcoidosis
(n = 23; 3.2%), morbus Sjögren (n = 11; 1.5%), monoclonal gammopathy of undetermined sig-
nificance (n = 5; 0.7%), and hypothyreoidism (n = 3; 0,4%).

Besides redness of the hands or feet in 30.9% of the 725 patients, no other skin abnormalities
were seen. None of the patients had a history of cardiomyopathy of renal failure.

Diagnostics for Fabry disease
The three tests for FD, α-Gal A activity in blood, lyso-GB3 excretion in urine, and GLA gene
sequencing, were applied to the study population as presented in Fig 2.

α-Gal A enzyme activity. α-Gal A enzyme activity was determined in leukocytes of all 725
eligible patients. In eight patients (1.1%) a reduced α-Gal A enzyme activity was found, ranging
from 2.8 to 26.9 mmol/L. The α-Gal A enzyme activity was normal in the other 718 patients
(30.3–191.9 (mean 81.2) mmol/L).

Lyso-GB3 excretion in the urine. Five hundred nine of the 725 SFN patients were tested
for lyso-GB3 excretion in the urine. All results were normal (100%). Five of these 509 patients
with a normal lyso-GB3 excretion had a diminished α-Gal A enzyme activity (7.1–26.9 mmol/
L).

GLA gene screening for possible mutations. A total of 440 patients underwent screening
of the GLA gene for mutations. Thirteen SFN patients (3.0%) carried a variant in the GLA gene
(Table 1).

Of the nine variants identified [c.-40G>C; c.-8C>G; c.48T>G (p.Leu16Leu); c.123C>T
(p.Thr41Thr); c.352C>T (p.Arg118Cys); c.376A>G (p.Ser126Gly); c.801+21T>C; c.937G>T
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(p.Asp313Tyr) (n = 5); c.999+11_12ins11+999+16_20del5], only one variant (c.352C>T (p.
Arg118Cys) was classified as a likely pathogenic. The other eight variants were classified as a
class 2 or class 3 variant. The eight patients with a reduced α-Gal A enzyme activity were also
part of this cohort and showed no abnormalities.

The patient carrying the c.352C>T variant heterozygous was a 33-year old female. Her α-
Gal A enzyme activity was normal (59.2 mmol/L). The patient was referred to a tertiary referral
and treatment center for FD in the Netherlands, where a detailed work-up of potential FD-
pathologies and biomarkers was performed. The α-Gal A enzyme activity was retested and nor-
mal (53.0 mmol/L). For this patient no excretion of lyso-GB3 was detected in urine. During
three years of follow-up, the patient did not develop symptoms or signs of FD (skin lesions,
cornea verticillata, cardiac or renal involvement). Therefore the diagnosis of FD could not be
confirmed. All patients with a class 2 or 3 variant had a α-Gal A enzyme activity>30 mmol/L,
and if tested, normal lyso-GB3.

In total, 725 patients underwent testing for FD, and the diagnosis FD was not confirmed in
any of these patients.

Fig 2. Small fiber neuropathy patients analyzed for Fabry disease in the Maastricht University Medical Center. Illustration of the outcome of
investigations to confirm the diagnosis of Fabry disease. α-Gal A: α-galactosidase A, Lyso-GB3: lysosomal globotriaosylceramide, FD: Fabry disease, SFN:
small fiber neuropathy. a Missing data. b The measurement of lyso-GB3 excretion in urine was incorporated in our workflow for SFN patients from April 2012.
c GLA gene sequencing was performed in all women, and in males in case of reduced α-Gal A enzyme activity. d These includes the class 2 variants (unlikely
to be pathogenic) and the class 3 variants (uncertain to be pathogenic).

doi:10.1371/journal.pone.0148316.g002
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Diagnostics for FD costs
In our center, the costs per person for testing α-Gal A enzyme activity in leukocytes are
$ 1,186, for Lyso-GB3 in urine $ 883, and for GLA gene sequencing $ 1,017, which is a total of
$ 2,069 (for men) and $ 3,086 (for women) per patient. In this cohort of 725 patients the costs
for FD diagnostics were $ 1,756,777.

Discussion
In a large cohort of patients diagnosed with isolated SFN who were tested for FD (n = 725), we
did not find any patients with FD. In only one patient a possible pathogenic variant was identi-
fied, but after thorough investigations and years of follow-up, the diagnosis FD could not be
established. Because FD is a treatable disease, early diagnosis can prevent further complications
of the disease and may improve the quality of life [17–20]. However, little is known about the
prevalence of SFN as first symptom of FD. Previously, only two small cohort studies examined
the presence of GLA gene mutations in idiopathic SFN. The first study identified one GLA
gene mutation in a cohort of 24 patients diagnosed with idiopathic SFN [36]. In a second
study, in one out of 29 patients with idiopathic SFN, a variant of the GLA gene was shown. As
in our study, the diagnosis FD could not be made in any of these patients [37]. However, our
study is the first that systematically examined the prevalence of FD in a large clinically well-
defined cohort of patients diagnosed with isolated SFN.

Our results show isolated SFN not being the first and certainly not the only symptom of FD.
Patients with FD probably also have other symptoms, like skin lesions or hearing loss, cardiac
or renal involvement leading to the diagnosis of FD [17]. These symptoms could be accompa-
nied with neuropathic pain, but the neuropathic pain alone does not seem typical for adult FD
patients. A previous study showed that only 12 patients, out of a cohort of 366 patients with
FD, had neurological signs or symptoms, without the involvement of any other organs [15].
The general view at our center is that patients with potential SFN related complaints are being
referred and examined, often without an underlying etiology. Possible referral bias is conceiv-
able in cases having other symptoms indicative for FD being referred to a tertiary center for
FD.

Table 1. GLA gene variants and results of biochemical testing in a population of SFN patients (n = 725).

Patient c.position variant p.position variant Class α-Gal A (mmol/L) Lyso-GB3 (nmol/mmol creatinine)

1 F c.-40G>C - 2 57.4 NA

2 F c.-8C>G - 2 68.8 NA

3 F c.48T>G p.Leu16Leu 2 96.7 NA

4 F c.123C>T p.Thr41Thr 2 72.9 NA

5 F c.352C>T p.Arg118Cys 4 59.2 0

6 F c.376A>G p.Ser126Gly 2 52.6 0

7 F c.801+21T>C - 2 43.2 0

8 F c.937G>T p.Asp313Tyr 3 62.4 NA

9 F c.937G>T p.Asp313Tyr 3 60.6 NA

10 M c.937G>T p.Asp313Tyr 3 30.3 0

11 F c.937G>T p.Asp313Tyr 3 51.5 0

12 F c.937G>T p.Asp313Tyr 3 63.5 0

13 F c.999+11_12ins11+999+16_20del5 - 2 78.9 NA

α-Gal A: α-galactosidase A enzyme activity, F: female, Lyso-GB3: lysosomal globotriaosylceramide, M: male, NA: not available.

doi:10.1371/journal.pone.0148316.t001
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Neuropathic pain has been addressed as one of the first symptoms of FD in some cases [11–
13, 16]. However, most of these studies concerned children, adolescents and young adults [17,
38]. These observations were not confirmed by the current study in adults with isolated SFN.
In contrast with literature [13, 15], none of the children in our study cohort were diagnosed
having FD. However, some caution is warranted since only 7 children were part of the study
population.

From the current results, it is clear that the suspicion of FD is extremely low, if not absent in
adult patients presenting with SFN without concomitant symptoms or signs compatible with
FD (skin lesions, hearing loss, cardiac or renal involvement). In addition, genetic and biochem-
ical testing for FD is expensive, more than 1.7 million US dollars in the cohort (n = 725) exam-
ined in the current study with no patient being diagnosed having FD. Therefore, in adult
patients with isolated SFN, routine screening for FD does not seem warranted.

In case testing for FD is warranted, we would recommend to start with the GLA gene
sequencing as the first test [14, 39, 40]. If this test turned out to be normal, the patient is diag-
nosed not having FD. Whenever a variant of the GLA gene is found, the diagnostics could be
complemented with the α-Gal A enzyme activity, and other biochemical assessments neces-
sary, to confirm the diagnosis FD. This strategy would largely reduce the costs of diagnostic
testing for FD.

Supporting Information
S1 Dataset. This is the dataset of all the data used for this manuscript.
(XLSX)

S1 Form. This is an example of the informed consent that is given by the patients included
in this manuscript.
(PDF)

Acknowledgments
We thank Furqan Alsaleh for her dedicated assistance in literature search and data collection
and Linda K.M. Meekels for her dedicated assistance in data collection.

Author Contributions
Conceived and designed the experiments: ISJM CGFMMG. Performed the experiments:
BTAG EEWHJMS AWMMG. Analyzed the data: BTAG HJMS AWMMG. Contributed
reagents/materials/analysis tools: HJMS AWMMG. Wrote the paper: BTAG JGJH ISJM CGF
MMG.

References
1. Stewart JD, Low PA, Fealey RD. Distal small fiber neuropathy: results of tests of sweating and auto-

nomic cardiovascular reflexes. Muscle Nerve. 1992; 15(6):661–5. PMID: 1324425.

2. Hoeijmakers JG, Faber CG, Lauria G, Merkies IS, Waxman SG. Small-fibre neuropathies-advances in
diagnosis, pathophysiology and management. Nat Rev Neurol. 2012; 8(7):369–79. Epub 2012/05/30.
doi: 10.1038/nrneurol.2012.97 PMID: 22641108.

3. Gorson KC, Ropper AH. Idiopathic distal small fiber neuropathy. Acta Neurol Scand. 1995; 92(5):376–
82. PMID: 8610490.

4. Gorson KC, Herrmann DN, Thiagarajan R, Brannagan TH, Chin RL, Kinsella LJ, et al. Non-length
dependent small fibre neuropathy/ganglionopathy. J Neurol Neurosurg Psychiatry. 2008; 79(2):163–9.
PMID: 17911181.

No Fabry Disease in SFN

PLOSONE | DOI:10.1371/journal.pone.0148316 February 11, 2016 7 / 9

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0148316.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0148316.s002
http://www.ncbi.nlm.nih.gov/pubmed/1324425
http://dx.doi.org/10.1038/nrneurol.2012.97
http://www.ncbi.nlm.nih.gov/pubmed/22641108
http://www.ncbi.nlm.nih.gov/pubmed/8610490
http://www.ncbi.nlm.nih.gov/pubmed/17911181


5. Peters MJ, Bakkers M, Merkies IS, Hoeijmakers JG, van Raak EP, Faber CG. Incidence and preva-
lence of small-fiber neuropathy: a survey in the Netherlands. Neurology. 2013; 81(15):1356–60. Epub
2013/09/03. doi: 10.1212/WNL.0b013e3182a8236e PMID: 23997150.

6. Faber CG, Hoeijmakers JG, Ahn HS, Cheng X, Han C, Choi JS, et al. Gain of function NaV1.7 mutations
in idiopathic small fiber neuropathy. Ann Neurol. 2012; 71(1):26–39. Epub 2011/06/24. doi: 10.1002/
ana.22485 PMID: 21698661.

7. Faber CG, Lauria G, Merkies IS, Cheng X, Han C, Ahn HS, et al. Gain-of-function Nav1.8 mutations in
painful neuropathy. Proc Natl Acad Sci U S A. 2012; 109(47):19444–9. Epub 2012/11/02. doi: 10.1073/
pnas.1216080109 PMID: 23115331.

8. Huang J, Han C, Estacion M, Vasylyev D, Hoeijmakers JG, Gerrits MM, et al. Gain-of-function muta-
tions in sodium channel Na(v)1.9 in painful neuropathy. Brain. 2014; 137(Pt 6):1627–42. Epub 2014/
04/30. doi: 10.1093/brain/awu079 PMID: 24776970.

9. 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):329–36. doi: 10.1002/mus.23910 PMID:
23716362.

10. Bertelsen AK, Tondel C, Krohn J, Bull N, Aarseth J, Houge G, et al. Small fibre neuropathy in Fabry dis-
ease. J Neurol. 2013; 260(3):917–9. doi: 10.1007/s00415-012-6800-3 PMID: 23263477.

11. Biegstraaten M, Binder A, Maag R, Hollak CE, Baron R, van Schaik IN. The relation between small
nerve fibre function, age, disease severity and pain in Fabry disease. Eur J Pain. 2011; 15(8):822–9.
Epub 2011/02/22. S1090-3801(11)00031-0 [pii] doi: 10.1016/j.ejpain.2011.01.014 PMID: 21334933.

12. Biegstraaten M, Hollak CE, Bakkers M, Faber CG, Aerts JM, van Schaik IN. Small fiber neuropathy in
Fabry disease. Mol Genet Metab. 2012; 106(2):135–41. doi: 10.1016/j.ymgme.2012.03.010 PMID:
22497776.

13. Biegstraaten M, Linthorst GE, van Schaik IN, Hollak CE. Fabry disease: a rare cause of neuropathic
pain. Curr Pain Headache Rep. 2013; 17(10):365. doi: 10.1007/s11916-013-0365-4 PMID: 23996721.

14. El-Abassi R, Singhal D, England JD. Fabry's disease. J Neurol Sci. 2014; 344(1–2):5–19. Epub 2014/
08/12. doi: 10.1016/j.jns.2014.06.029 PMID: 25106696.

15. Mehta A, Ricci R, Widmer U, Dehout F, Garcia de Lorenzo A, Kampmann C, et al. Fabry disease
defined: baseline clinical manifestations of 366 patients in the Fabry Outcome Survey. Eur J Clin Invest.
2004; 34(3):236–42. Epub 2004/03/18. doi: 10.1111/j.1365-2362.2004.01309.x PMID: 15025684.

16. Zarate YA, Hopkin RJ. Fabry's disease. Lancet. 2008; 372(9647):1427–35. doi: 10.1016/S0140-6736
(08)61589-5 PMID: 18940466.

17. Burlina AP, Sims KB, Politei JM, Bennett GJ, Baron R, Sommer C, et al. Early diagnosis of peripheral
nervous system involvement in Fabry disease and treatment of neuropathic pain: the report of an expert
panel. BMCNeurol. 2011; 11:61. Epub 2011/05/31. 1471-2377-11-61 [pii] doi: 10.1186/1471-2377-11-
61 PMID: 21619592; PubMed Central PMCID: PMC3126707.

18. Germain DP, Waldek S, Banikazemi M, Bushinsky DA, Charrow J, Desnick RJ, et al. Sustained, long-
term renal stabilization after 54 months of agalsidase beta therapy in patients with Fabry disease. J Am
Soc Nephrol. 2007; 18(5):1547–57. Epub 2007/04/06. doi: 10.1681/ASN.2006080816 PMID:
17409312.

19. Banikazemi M, Bultas J, Waldek S, Wilcox WR, Whitley CB, McDonald M, et al. Agalsidase-beta ther-
apy for advanced Fabry disease: a randomized trial. Ann Intern Med. 2007; 146(2):77–86. Epub 2006/
12/21. PMID: 17179052.

20. Weidemann F, Niemann M, Breunig F, Herrmann S, Beer M, Stork S, et al. Long-term effects of enzyme
replacement therapy on fabry cardiomyopathy: evidence for a better outcome with early treatment. Cir-
culation. 2009; 119(4):524–9. Epub 2009/01/21. doi: 10.1161/CIRCULATIONAHA.108.794529 PMID:
19153271.

21. Hilz MJ, Brys M, Marthol H, Stemper B, Dutsch M. Enzyme replacement therapy improves function of
C-, Adelta-, and Abeta-nerve fibers in Fabry neuropathy. Neurology. 2004; 62(7):1066–72. PMID:
15079003.

22. Uceyler N, He L, Schonfeld D, Kahn AK, Reiners K, Hilz MJ, et al. Small fibers in Fabry disease: base-
line and follow-up data under enzyme replacement therapy. J Peripher Nerv Syst. 2011; 16(4):304–14.
doi: 10.1111/j.1529-8027.2011.00365.x PMID: 22176145.

23. Schiffmann R, Hauer P, Freeman B, Ries M, Scott LJ, Polydefkis M, et al. Enzyme replacement therapy
and intraepidermal innervation density in Fabry disease. Muscle Nerve. 2006; 34(1):53–6. PMID:
16583374.

24. Tesfaye S, Boulton AJ, Dyck PJ, Freeman R, Horowitz M, Kempler P, et al. Diabetic neuropathies:
update on definitions, diagnostic criteria, estimation of severity, and treatments. Diabetes Care. 2010;

No Fabry Disease in SFN

PLOSONE | DOI:10.1371/journal.pone.0148316 February 11, 2016 8 / 9

http://dx.doi.org/10.1212/WNL.0b013e3182a8236e
http://www.ncbi.nlm.nih.gov/pubmed/23997150
http://dx.doi.org/10.1002/ana.22485
http://dx.doi.org/10.1002/ana.22485
http://www.ncbi.nlm.nih.gov/pubmed/21698661
http://dx.doi.org/10.1073/pnas.1216080109
http://dx.doi.org/10.1073/pnas.1216080109
http://www.ncbi.nlm.nih.gov/pubmed/23115331
http://dx.doi.org/10.1093/brain/awu079
http://www.ncbi.nlm.nih.gov/pubmed/24776970
http://dx.doi.org/10.1002/mus.23910
http://www.ncbi.nlm.nih.gov/pubmed/23716362
http://dx.doi.org/10.1007/s00415-012-6800-3
http://www.ncbi.nlm.nih.gov/pubmed/23263477
http://dx.doi.org/10.1016/j.ejpain.2011.01.014
http://www.ncbi.nlm.nih.gov/pubmed/21334933
http://dx.doi.org/10.1016/j.ymgme.2012.03.010
http://www.ncbi.nlm.nih.gov/pubmed/22497776
http://dx.doi.org/10.1007/s11916-013-0365-4
http://www.ncbi.nlm.nih.gov/pubmed/23996721
http://dx.doi.org/10.1016/j.jns.2014.06.029
http://www.ncbi.nlm.nih.gov/pubmed/25106696
http://dx.doi.org/10.1111/j.1365-2362.2004.01309.x
http://www.ncbi.nlm.nih.gov/pubmed/15025684
http://dx.doi.org/10.1016/S0140-6736(08)61589-5
http://dx.doi.org/10.1016/S0140-6736(08)61589-5
http://www.ncbi.nlm.nih.gov/pubmed/18940466
http://dx.doi.org/10.1186/1471-2377-11-61
http://dx.doi.org/10.1186/1471-2377-11-61
http://www.ncbi.nlm.nih.gov/pubmed/21619592
http://dx.doi.org/10.1681/ASN.2006080816
http://www.ncbi.nlm.nih.gov/pubmed/17409312
http://www.ncbi.nlm.nih.gov/pubmed/17179052
http://dx.doi.org/10.1161/CIRCULATIONAHA.108.794529
http://www.ncbi.nlm.nih.gov/pubmed/19153271
http://www.ncbi.nlm.nih.gov/pubmed/15079003
http://dx.doi.org/10.1111/j.1529-8027.2011.00365.x
http://www.ncbi.nlm.nih.gov/pubmed/22176145
http://www.ncbi.nlm.nih.gov/pubmed/16583374


33(10):2285–93. Epub 2010/09/30. 33/10/2285 [pii] doi: 10.2337/dc10-1303 PMID: 20876709; PubMed
Central PMCID: PMC2945176.

25. Lauria G, Bakkers M, Schmitz C, Lombardi R, Penza P, Devigili G, et al. Intraepidermal nerve fiber den-
sity at the distal leg: a worldwide normative reference study. J Peripher Nerv Syst. 2010; 15(3):202–7.
Epub 2010/11/03. doi: 10.1111/j.1529-8027.2010.00271.x PMID: 21040142.

26. Yarnitsky D, Sprecher E. Thermal testing: normative data and repeatability for various test algorithms. J
Neurol Sci. 1994; 125(1):39–45. PMID: 7964887.

27. Bakkers M, Faber CG, Reulen JP, Hoeijmakers JG, Vanhoutte EK, Merkies IS. Optimizing temperature
threshold testing in small-fiber neuropathy. Muscle Nerve. 2015; 51(6):870–6. doi: 10.1002/mus.24473
PMID: 25290248.

28. Desnick RJ, Allen KY, Desnick SJ, Raman MK, Bernlohr RW, Krivit W. Fabry's disease: enzymatic
diagnosis of hemizygotes and heterozygotes. Alpha-galactosidase activities in plasma, serum, urine,
and leukocytes. J Lab Clin Med. 1973; 81(2):157–71. PMID: 4683418.

29. Auray-Blais C, Ntwari A, Clarke JT, Warnock DG, Oliveira JP, Young SP, et al. How well does urinary
lyso-Gb3 function as a biomarker in Fabry disease? Clin Chim Acta. 2010; 411(23–24):1906–14. Epub
2010/08/19. doi: 10.1016/j.cca.2010.07.038 PMID: 20716442.

30. Wallis Y, Payne S, McAnulty C, Bodmer D, Sistermans E, Robertson K, et al. Practical Guidelines for
the Evaluation of Pathogenicity and the Reporting of Sequence Variants in Clinical Molecular Genetics.
Association for Clinical Genetic Science (ACGS). 2013:1–16.

31. Desnick R, Ioannou CS, Eng CM. Alpha-Galactosidase A deficiency: Fabry disease. In: Metabolic and
Molecular Bases of Inherited Disease Edited by: Scriver CR, Beaudet AL, Sly WS, Valle D. 2001; New
York: McGraw-Hill:3733–74.

32. Sharp A, Robinson D, Jacobs P. Age- and tissue-specific variation of X chromosome inactivation ratios
in normal women. HumGenet. 2000; 107(4):343–9. PMID: 11129333.

33. Mehta A, Hughes D. Fabry Disease. In: Pagon RA, AdamMP, Ardinger HH, editors. GeneReviews.
Seattle (WA): University of Washington, Seattle; 1993–2014, 2002 aug 05 [updated 2013 Oct 17].

34. Salviati A, Burlina AP, Borsini W. Nervous system and Fabry disease, from symptoms to diagnosis:
damage evaluation and follow-up in adult patients, enzyme replacement, and support therapy. Neurol
Sci. 2010; 31(3):299–306. Epub 2010/03/20. doi: 10.1007/s10072-009-0211-y PMID: 20300794;
PubMed Central PMCID: PMC2869001.

35. Federa. Available: http://www.federa.org/codes-conduct. Accessed 13 February 2013.

36. Tanislav C, Kaps M, Rolfs A, Bottcher T, Lackner K, Paschke E, et al. Frequency of Fabry disease in
patients with small-fibre neuropathy of unknown aetiology: a pilot study. Eur J Neurol. 2011; 18(4):631–
6. doi: 10.1111/j.1468-1331.2010.03227.x PMID: 20860754.

37. Samuelsson K, Kostulas K, VrethemM, Rolfs A, Press R. Idiopathic small fiber neuropathy: phenotype,
etiologies, and the search for fabry disease. J Clin Neurol. 2014; 10(2):108–18. doi: 10.3988/jcn.2014.
10.2.108 PMID: 24829596; PubMed Central PMCID: PMC4017013.

38. MacDermot J, MacDermot KD. Neuropathic pain in Anderson-Fabry disease: pathology and therapeu-
tic options. Eur J Pharmacol. 2001; 429(1–3):121–5. PMID: 11698033.

39. van der Tol L, Smid BE, Poorthuis BJ, Biegstraaten M, Deprez RH, Linthorst GE, et al. A systematic
review on screening for Fabry disease: prevalence of individuals with genetic variants of unknown sig-
nificance. J Med Genet. 2014; 51(1):1–9. doi: 10.1136/jmedgenet-2013-101857 PMID: 23922385.

40. Gal A, Hughes DA, Winchester B. Toward a consensus in the laboratory diagnostics of Fabry disease
—recommendations of a European expert group. J Inherit Metab Dis. 2011; 34(2):509–14. Epub 2011/
01/14. doi: 10.1007/s10545-010-9261-9 PMID: 21229318; PubMed Central PMCID: PMC3063537.

No Fabry Disease in SFN

PLOSONE | DOI:10.1371/journal.pone.0148316 February 11, 2016 9 / 9

http://dx.doi.org/10.2337/dc10-1303
http://www.ncbi.nlm.nih.gov/pubmed/20876709
http://dx.doi.org/10.1111/j.1529-8027.2010.00271.x
http://www.ncbi.nlm.nih.gov/pubmed/21040142
http://www.ncbi.nlm.nih.gov/pubmed/7964887
http://dx.doi.org/10.1002/mus.24473
http://www.ncbi.nlm.nih.gov/pubmed/25290248
http://www.ncbi.nlm.nih.gov/pubmed/4683418
http://dx.doi.org/10.1016/j.cca.2010.07.038
http://www.ncbi.nlm.nih.gov/pubmed/20716442
http://www.ncbi.nlm.nih.gov/pubmed/11129333
http://dx.doi.org/10.1007/s10072-009-0211-y
http://www.ncbi.nlm.nih.gov/pubmed/20300794
http://www.federa.org/codes-conduct
http://dx.doi.org/10.1111/j.1468-1331.2010.03227.x
http://www.ncbi.nlm.nih.gov/pubmed/20860754
http://dx.doi.org/10.3988/jcn.2014.10.2.108
http://dx.doi.org/10.3988/jcn.2014.10.2.108
http://www.ncbi.nlm.nih.gov/pubmed/24829596
http://www.ncbi.nlm.nih.gov/pubmed/11698033
http://dx.doi.org/10.1136/jmedgenet-2013-101857
http://www.ncbi.nlm.nih.gov/pubmed/23922385
http://dx.doi.org/10.1007/s10545-010-9261-9
http://www.ncbi.nlm.nih.gov/pubmed/21229318

