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abSTRaCT
Introduction

Individuals with neuropathic pain, angiokeratoma (AK) and/or cornea verticillata (CV) may 

be tested for Fabry disease (FD). Classical FD is characterised by a specific pattern of these 

features. When a patient presents with an non-specific pattern, the pathogenicity of a variant in 

the α-galactosidase A (GLA) gene may be unclear. This uncertainty often leads to considerable 

distress and inappropriate counselling and treatment. We developed a clinical approach for these 

individuals with an uncertain diagnosis of FD.

Materials and Methods

A document was presented to a FD expert panel with background information based on clinical 

experience and the literature, followed by an online survey and a written recommendation.

Results

The 13 experts agreed that the recommendation is intended for individuals with neuropathic 

pain, AK and/or CV only, i.e. without kidney, heart or brain disease, with an uncertain diagnosis of 

FD. Only in the presence of FD specific neuropathic pain (small fibre neuropathy with FD specific 

pattern), AK (FD specific localisations) or CV (without CV inducing medication), FD is confirmed. 

When these features have a non-specific pattern, there is insufficient evidence for FD. If no 

alternative diagnosis is found, follow-up is recommended. 

Conclusions

In individuals with an uncertain diagnosis of FD, presence of a FD specific pattern of CV, AK 

or neuropathic pain is sufficient to confirm the diagnosis of FD. When these features are non-

specific, a definite diagnosis cannot (yet) be established and follow-up is indicated. ERT should 

be considered only in those patients with a confirmed diagnosis of FD.
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INTRODuCTION
Fabry disease (OMIM 301500; FD) is an X-linked multisystem lysosomal storage disorder caused 

by deficient activity of α-galactosidase A (αGalA, E.C. 3.2.1.22). The estimated birth prevalence 

has originally been reported to be between 1:40.000-170.000 1-3. More than 600 variants/

mutations in the α-galactosidase A (GLA) gene have been described 4,5, most of which are private 

variants/mutations. For consistency, the term ‘variant’ will be used throughout this article for 

all variations in the GLA gene, being either pathogenic, non-pathogenic or a genetic variant of 

unknown significance (GVUS), in the latter, an individual has an uncertain diagnosis of FD. 

Fabry disease is generally divided into ‘classical’ and ‘non-classical’ phenotypes. The first 

phenotype is usually characterised by a specific pattern of neuropathic pain (related to small fiber 

neuropathy, SFN), angiokeratoma and cornea verticillata (CV), while some or all of these features 

are usually absent in the latter 6,7. For definitions see chapter 3, table 2.   

Since the availability of enzyme replacement therapy (ERT) with recombinant human 

α-galactosidase A (agalsidase alpha, Shire HGT and agalsidase beta, Genzyme Corp., a Sanofi 

company) an increasing number of screening studies in high risk populations as well as newborn 

screening studies have been performed (e.g. 8-14). These screening studies have revealed a high 

number of individuals with variants in the GLA gene 15-17. While the pathogenicity of some GLA 

variants is well described, the subjects identified by these screening studies often have a GVUS 

in the GLA gene, i.e. an uncertain diagnosis of FD. Interestingly, most male patients with a GVUS 

demonstrate residual enzyme activity, in contrast to the absent or near absent enzyme activity in 

classically affected males. Also, previous studies have shown that patients with a non-classical 

phenotype often only show a slight increase of lysoGb3 in plasma, while classically affected 

males invariably have very high levels 18-21. 

The reason to test for FD is usually a nonspecific symptom such as stroke, chronic kidney 

disease or left ventricular hypertrophy in the absence of other causes. However, individuals with 

neuropathic pain, angiokeratoma or CV -  in the absence of symptomatic involvement of the heart, 

brain or kidney - may also be tested for the presence of a variant in the GLA gene. These solitary 

features may be present in a pattern that differs from what is usually seen in FD patients with a 

classical phenotype and is therefore considered non-specific. For example, angiokeratoma may be 

scattered instead of clustered, or neuropathic pain may not be related to a SFN and have started 

at a much older age than expected in the context of a classical FD phenotype. CV may be present 

in individuals who used medication that may induce CV. If in such an individual a variant in the 

GLA gene is found, while there is residual enzyme activity (for males) and normal or only slightly 

increased Gb3 and lysoGb3, the pathogenicity of this variant is generally unclear, the variant is a 

GVUS. The subsequent uncertain diagnosis may cause considerable distress for the patient and 

the family, and may also lead to inappropriate counselling and initiation of treatment with expensive 

enzyme replacement therapy. Thus, it is of great importance to achieve a correct diagnosis. 

To address diagnostic dilemmas with regard to FD, we initiated ‘The Hamlet study: Fabry or not 

Fabry’ to valorise clinical and laboratory assessments in order to improve the diagnosis of FD 
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[Dutch trial register www.trialregister.nl NTR3840 and NTR3841]. For individuals with an uncertain 

diagnosis of FD, diagnostic algorithms are developed based upon literature data and international 

expert consensus through a modified Delphi procedure. As part of this study we developed 

the approach to aid in the diagnostic pathway, counselling and follow-up for individuals with an 

uncertain diagnosis of FD, who present with cornea verticillata, angiokeratoma or neuropathic 

pain, with a GVUS in the GLA gene, but without a classical FD phenotype (for definitions see 

chapter 3, table 2). The approach is based on the current available evidence and international 

consensus.  

MaTERIaLS aND METhODS
Panel and Delphi procedure

FD experts were invited to participate in the study panel through email. A consensus document 

was compiled and presented to the experts with an explanation of the rationale of the study as 

well as literature references and the applicable adopted results from the previous consensus 

procedure on general diagnostic criteria for FD, see chapter 3, table 2. 

The modified Delphi procedure consisted of an online survey round  (round 1), after which a written 

recommendation was created for review by the panel (round 2). In round 1, virtual case histories 

were presented with neuropathic pain, angiokeratoma and/or CV. These case histories contained 

information on clinical symptoms and biochemical findings (enzyme activity in leukocytes, Gb3 

and lysoGb3) were given. The panellists were asked to indicate whether or not the available 

information was sufficient to confirm or reject FD in the particular case on a 5-point Likert scale, 

and were invited to add comments and suggestions. Anonymized results were presented to 

the panel (absolute scores and comments) after round 1. Clarification and additional data were 

provided. The consensus document for round 2 that was subsequently created represented the 

opinion of the expert panel as assessed in round 1. This document was thereafter reviewed and 

discussed by the expert panel via personal communication. A final version was drafted, and all 

participants agreed on the recommendations presented herein. 

adopted definitions

The criteria for a definite and an uncertain diagnosis of FD were adopted from a previous 

consensus procedure, chapter 3, table2. Strict definitions of the FD specific clinical features of 

FD (neuropathic pain, angiokeratoma, CV) were applied. If these strict definitions are fulfilled, the 

specificity for FD is very high (i.e. there is no differential diagnosis). These criteria were created 

to select classical FD patients in whom there is no doubt about the diagnosis.

RESuLTS/RECOMMENDaTIONS
See figure 1 for the diagnostic algorithm that was constructed based on the following results.
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Panel

Thirteen FD experts were invited and consented to participate. The panel consisted of 4 general 

FD  specialists in internal medicine (RL, GL, DC, MJ), 2 paediatricians (FW, UR), 2 neurologists 

(CS, AM), a cardiologist (FW), 3 nephrologists (ES, CT (paediatric nephrologist), MW) and a 

medical geneticist (GH). 

The panel agreed on the following 2-step approach:

Step 1: An individual with a GLA variant, first evaluation (adopted from 22)

The panel agreed that all individuals with a GLA mutation need to undergo a full assessment of 

all organ systems that are involved in FD, and extensive biochemical analyses should be pursued, 

including αGalA enzyme activity in leukocytes, plasma lysoGb3 (if available), plasma Gb3, urine 

Gb3. The presence of Fabry specific neuropathic pain, AK and/or CV should be thoroughly 

assessed. A complete family history should be taken. An expert on FD should interpret clinical 

and biochemical assessments. The criteria to identify the patient with a definite diagnosis of FD 

can subsequently be applied (chapter 3, table 2).

Step 2: An individual with a GLA variant and an uncertain diagnosis of FD (i.e. he or she has a 

GVUS in the GLA gene)

If heart, kidney or brain disease is present, the respective organ specific algorithm - developed 

in separate projects as part of the Hamlet study - should be applied. For these algorithms, 

left ventricular hypertrophy, chronic kidney disease and stroke/TIA are defined according to 

internationally accepted definitions. For example, kidney disease is defined as chronic kidney 

disease according the 2012 international guideline for kidney disease (KDIGO, http://kdigo.org/

home/guidelines/ckd-evaluation-management/), with a GFR and urinary protein excretion as 

measures of kidney disease 23. 

In individuals who present with neuropathic pain, AK or CV, but in whom heart, kidney or brain 

involvement is absent, the panel agreed on the following:

Cornea verticillata

In an individual who presents with cornea verticillata, in the absence of medication use that may 

induce cornea verticillata (table 1), and in whom a GLA variant is found, there are no known 

alternative diagnoses but FD. 

However, in an individual who presents with cornea verticillata only but who has used medication 

that may induce cornea verticillata at any time during the medical history (table 1), there is 

insufficient evidence for a diagnosis of FD, despite the presence of a GLA variant.  

angiokeratoma

In an individual with a variant in the GLA gene and clustered angiokeratoma in the bathing trunk 

area, umbilicus and/or perioral region, there are no known alternative diagnoses but FD. 
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In an individual with scattered (i.e. not clustered) angiokeratoma, there is insufficient evidence 

for a diagnosis of FD, despite the presence of a GLA variant. The differential diagnosis of 

angiokeratoma should be considered (table 2). 

A skin biopsy of an angiokeratoma may be considered. A biopsy with characteristic storage 

on EM confirms the diagnosis of FD. However, the pre-test likelihood of finding storage in an 

angiokeratoma or general skin biopsy is unknown for individuals with a non-classical phenotype 

of FD, but is considered to be very low (see also Pathology section). For review on the differential 

diagnosis of angiokeratoma see 25.  

Table 1. Medication that may induce cornea verticillata, for review on drug induced corneal complications see 24. 

Medication that may induce cornea verticillata Comment

Amiodarone
Aminoquinolones (chloroquine, hydroxychloroquine, amodiaquine)

Well documented to induce cornea 
verticillata

Atovaquone
Clofazimine
Gentamicin (Subconjunctival)
Gold
Mepacrine
Monobenzone (topical skin ointment)
NSAID’s (Ibuprofen, Naproxen, Indomethacin)
Perhexiline maleate
Phenothiazines
Suramin
Tamoxifen
Tilorone hydrochloride

Limited evidence, mainly case reports

Table 2. Differential diagnosis of Angiokeratoma. 

angiokeratoma Preferred localization

Angiokeratoma of Fordyce Scrotal/Vaginal

Angiokeratoma of Mibelli Fingers and toes

Angiokeratoma corporis circumscriptum Trunk/extremities

Angiokeratoma circumscriptum naeviforme (rare, easily confused with 
melanoma)

Neck

Idiopathic All localizations

Other Lysosomal storage disorders* Related to the corresponding disease

*Other lysosomal storage disorders that present with angiokeratoma, such as Fucosidosis, Schindler’s disease and 
Sialidosis, are rare and have a distinct clinical pattern, dissimilar to FD. In the clinical context, another LSD disease 
will not likely be mistaken for FD, but additional testing for lysosomal storage disorders can be considered.

Neuropathic pain

The differential diagnosis of neuropathic pain and SFN in particular is broad. The neuropathic 

pain that is caused by FD has a characteristic presentation and is related to the presence of 

SFN. In 95% of male and 75% of female FD patients, an abnormal heat detection threshold for 
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cold and/or diminished intraepidermal nerve fibre density is found 26-28. In case of a variant in 

the GLA gene and the presence of neuropathic pain in hands and feet starting at childhood and 

increasing with heat/fever 28,29, there is no known alternative diagnosis. However, in all patients 

with pain as only symptom, neurophysiological tests, quantitative sensory testing and a skin 

biopsy for intraepidermal nerve fibre density  are needed to confirm the presence of isolated 

SFN, preferably before testing for FD is performed to rule out other causes.

In individuals with a GVUS in the GLA gene and neuropathic pain related to SFN that does 

not fit the characteristic Fabry neuropathic pain description, there is insufficient evidence for a 

diagnosis of FD, despite the presence of a GLA variant. The differential diagnosis for SFN should 

be considered involving an expert on SFN, see table 3. 

Table 3. Differential diagnosis to be considered in cases of SFN and an uncertain diagnosis of FD.

Isolated SFN

Idiopathic (approximately 40%) Sarcoidosis

Diabetes mellitus/impaired glucose metabolism HIV

Toxin: medication/ alcohol/ drug induced Coeliac disease

Hypothyroidism Post infectious

Sjögrens’ disease Hyperlipidaemia

Monoclonal gammopathy Hereditary sensoric autonomic neuropathy

Amyloidosis ‘Burning feet’ syndrome

Vasculitis Erythromelalgia

Pathology

In addition to the 2-step approach, the feasibility to perform biopsies in individuals with 

neuropathic pain, AK and/or CV was discussed. In previous consensus procedures it was agreed 

that characteristic storage on electron microscopy (EM) of an affected organ (i.e. heart or kidney) 

should be considered as the gold standard for FD 22,23,30,31. The panel is convinced that in the group 

of patients discussed here (i.e. patients with non-specific neuropathic pain, AK or CV but without 

heart or kidney involvement) a skin biopsy with characteristic storage on electron microscopy 

(EM) could confirm the diagnosis of FD. 

The presence of characteristic storage in the skin has been well documented in most classical 

male FD patients 32,33, while reports on skin biopsies in non-classical FD patients, i.e. who 

have confirmed storage in a kidney or heart biopsy but not fulfilling the criteria for a definite 

classical diagnosis of FD (chapter 3, table 2), are lacking.  Thus it is unknown if a non-classical 

phenotype of FD will also coincide with characteristic storage in the skin. Since the prevalence 

of characteristic skin storage is unknown in these individuals, we do not recommend to perform 

a skin biopsy in all patients with non-specific neuropathic pain, AK and/or CV and an uncertain 

diagnosis of FD.
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DISCuSSION
In case of a FD specific pattern of cornea verticillata, angiokeratoma and/or neuropathic pain, 

and in the absence of other causes for these features, there is no alternative diagnosis than FD. 

Because of the major implications of a FD diagnosis, it is of great importance to ensure that the 

feature closely meets the criteria of a FD specific feature (see chapter 3, table 2). Yet, in case 

of a GLA GVUS (an uncertain diagnosis of FD) and with cornea verticillata, angiokeratoma and/or 

neuropathic pain that are non-specific, there are currently no diagnostic tools to confirm or reject 

the diagnosis of FD. Thus, in these cases there is insufficient evidence for a diagnosis of FD. The 

expert panel advises to explain to the individual and family members, that based upon current 

knowledge, FD is an unlikely diagnosis. Alternative diagnoses should be considered carefully. 

This line of argumentation is depicted in the algorithm in figure 1.

If no alternative diagnosis is made, it remains uncertain, but still very unlikely, that FD disease 

plays a role in the development of the clinical feature that was the reason to test for FD. Follow 

up in an expert centre for FD could be considered on an individual basis. In case heart, kidney 

or brain disease develops, the diagnosis should be re-evaluated by applying the respective 

diagnostic algorithm, e.g. with a kidney biopsy in case of chronic kidney disease 22,23,34. 

Figure 1. Diagnostic algorithm.
Green: individuals with a GLA GVUS (uncertain diagnosis of FD) with angiokeratoma, SFN or cornea verticillata 
without heart, kidney or brain disease: the subjects of the current study. 
Step 1: apply criteria for a definite diagnosis, chapter 3, table 2.
Step 2: approach to individuals with an uncertain diagnosis of FD.
* Organ specific algorithm will be published in separate articles 22,23,34.
** Follow up in an expert centre for FD could be considered, ERT is not (yet) indicated.

 

STEP 1 

YES 
Definite diagnosis, 

classical phenotype of 
Fabry disease: follow-up 
according to local Fabry 

disease protocol 

NO 
Fabry specific pattern for 

Angiokeratoma,  
neuropathic pain or cornea 

verticillata  
as defined in table 1? 

GLA variant with 
Angiokeratoma  

AND/OR Neuropathic pain 
AND/OR Cornea verticillata 

Fits criteria for a definite diagnosis? 
 (Chapter 3, table 2) 

YES 
Fabry disease is confirmed  
(non classical phenotype) 

NO 
Insufficient evidence for  

Fabry disease ** 

NO 
Uncertain diagnosis of Fabry 

disease 
Heart, kidney, brain disease? 

YES 
Follow organ specific  
diagnostic algorithm* 

 

STEP 2 
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The expert group stressed the need for adequate counselling for these individuals and their 

family members to avoid unnecessary burden of a chronic illness. 

In patients with heart or kidney involvement and an uncertain diagnosis of FD, histological 

evidence of characteristic storage by electron microscopy in an affected organ is the current gold 

standard for FD. In the patients who are the subjects of the current study, the heart and kidney 

are, by definition, not involved. Skin biopsies will, most likely, also yield negative results in the 

majority of cases. In classical male FD patients, characteristic storage in kidney cells is already 

present at a young age and in the absence of proteinuria 35. Therefore, it may be postulated to 

perform a kidney biopsy even in the absence of any clinical signs of kidney disease. However, in 

case of non-classical FD without chronic kidney disease, the prevalence of characteristic storage 

in kidney (or heart) is currently unknown and expected to be low. Furthermore, Houge et al 

reported on a male patient with characteristic storage in the kidney, while kidney biopsies of 

family members with the GLA variant did not show deposits, illustrating intra-familial differences 
36. Because of the low expected yield and the inability to exclude future FD associated organ 

involvement when storage is absent, a kidney biopsy is currently not recommended. 

In individuals with a persisting uncertain diagnosis of FD, based upon clinical judgment, regular 

follow-up can be considered on an individual basis. If indeed kidney, heart or brain disease 

develops, a confirmation of the diagnosis should first be made following the subsequent organ 

specific diagnostic algorithm, frequently involving a biopsy. 

This recommendation does not serve to encourage screening for FD of groups or individuals 
15. However, individuals with a GLA GVUS and thus an uncertain diagnosis of FD are frequently 

identified. With the recommendations in this study, unnecessary burden, inadequate counselling and 

unnecessary treatment with costly ERT can be avoided for these individuals and family members. 

Further studies may indicate new diagnostic tools, and the algorithm may subsequently be updated. 
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