W) Check for updates

Review Article

Journal of Inborn Errors of Metabolism
& Screening

2016, Volume 4: |-I1

© The Author(s) 2016

DOI: 10.1177/2326409816669372
iem.sagepub.com

®)SAGE

Anderson-Fabry Disease: A Rare Disease
That Mimics Common Cardiac,
Neurological, Renal, and Other
Disorders: Approach for the

Differential Diagnosis and Follow-Up

Idalina Beirdo, MD, PhD', Ana Cabrita, MD?, Marcia Torres, MD3,
Fernando Silva, MD", Patricio Aguiar, MD?®, and Ana Marta Gomes, MD*¢

Abstract

Anderson-Fabry disease (AFD) is a rare inherited X-linked disease, caused by mutations of the gene encoding the a-galactosidase
A enzyme, that leads to a deficiency or absence of its activity with consequent accumulation of globotriaosylceramide (Gb3) and
other glycosphingolipids in the lysosomes of several cells types in the organism, mainly the endothelial, nervous system, cardiac,
and renal cells. Its heterogeneous and nonspecific presentation, similar to other common pathologies, delays the diagnosis and
leads to incorrect therapy. In the presence of attenuated phenotypes with predominant involvement of an organ, it is even harder
to identify patients with AFD. It is highly important to be aware of this diagnosis, since enzyme replacement therapy is currently
available. This review aims to approach the clinical manifestations of AFD and the phenotypes related to the differential diagnosis

for each manifestation and the frequency of follow-up recommended.
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Introduction

Anderson-Fabry disease (AFD), also known as Fabry disease or
angiokeratoma corporis diffusum, is an X-linked, rare, progres-
sive, and systemic lysosomal storage disorder. Pathogenic
mutations affecting the GLA gene that encodes a-galactosidase
A enzyme cause absent or markedly deficient activity of this
lysosomal enzyme leading to a lysosomal accumulation of glo-
botriaosylceramide (Gb3) and other glycosphingolipids in a
wide range of cells types, especially in endothelial, nervous
system, cardiac, and renal cells.!

More than 550 mutations of GLA gene have been described.
Most of them are private (each family has its own mutation), and
about 3% to 10% of the patients have de novo mutations (muta-
tions that are not present in their parents).* Even in the same
family, clinical manifestations are heterogeneous and can vary
widely from no symptoms to the classical clinical picture, with
intermediate states affecting one or more organs.>”” Residual
activity of a-galactosidase A enzyme, together with genetic,

epigenetic, and environmental factors, seems to affect the phe-
notype. Although some genotype—phenotype correlations are
known, for example, null mutations in males associated with

! Centro Hospitalar do Porto, Largo Professor Abel Salazar, Porto, Portugal
2Service of Centro Hospitalar do Algarve, Rua Leao Penedo, Faro, Portugal
3 Centro Hospitalar do Médio Ave, Largo Domingos Moreira, Santo Tirso,
Portugal

*#Centro Hospitalar Universitirio de Coimbra, Coimbra, Portugal

® Hospital de Santa Maria/Centro Hospitalar Lisboa Norte, Avenida Professor
Egas Moniz, Lisboa, Portugal

® Centro Hospitalar de Vila Nova de Gaia/Espinho, Vila Nova de Gaia, Portugal

Received May 10, 2016, and in revised form August 05, 2016. Accepted for
publication August 05, 2016.

Corresponding Author:

Idalina Beirdo, Centro Hospitalar do Porto, Largo Professor Abel Salazar, 2,
Porto 4099-001, Portugal.

Email: idalina.m.b@gmail.com

This article is distributed under the terms of the Creative Commons Attribution 3.0 License (http://www.creativecommons.org/licenses/by/3.0/) which permits any
use, reproduction and distribution of the work without further permission provided the original work is attributed as specified on the SAGE and Open Access pages
[

(https://us.sagepub.com/en-us/nam/open-access-at-sage).


http://iem.sagepub.com
http://www.creativecommons.org/licenses/by/3.0/
https://us.sagepub.com/en-us/nam/open-access-at-sage
http://crossmark.crossref.org/dialog/?doi=10.1177%2F2326409816669372&domain=pdf&date_stamp=2016-10-03

Journal of Inborn Errors of Metabolism & Screening

classic phenotype, in general, the genotype—phenotype correla-
tion is poor in FD.®

The prevalence of AFD ranges from 1:40 000 to 1:117 000
in the United States and Australia,” and although more com-
mon in Caucasians, all races can be affected by the disease.
These data likely underestimate the true prevalence of the dis-
ease, since some newborn screenings conducted in North Italy,
Taiwan, and Missouri showed prevalence of between 1:1250
and 1:3100 (most of which are associated with attenuated/late
onset phenotypes).'*'?

The classical phenotype affects mainly hemizygous males
during childhood/adolescence. Female patients can be as
severely affected as males, although more frequently later in
life and with an insidious course of the disease, which could be
related to X-chromosome inactivation.>”%13:14

In adulthood, cardiac, renal, and cerebrovascular manifesta-
tions are prominent.'* Some patients present attenuated pheno-
types characterized by later onset and predominant commitment
of one organ (cardiac, renal, and cerebrovascular-attenuated
phenotypes). !

Since AFD clinical manifestations are nonspecific and
common to other frequent pathologies such as diabetes,
hypertension, and atheromatosis (phenocopies), the diagnosis
is frequently established later in life: 13.7 years in male and
16.3 years in female patients after initial symptoms,'® earning
the title of “‘the new great impostor,” previously reserved to
syphilis.'®

Compared to the general population, survival of untreated
patients with AFD is reduced by about 20 years in males and
15 years in female patients.'”"'® Chronic kidney disease
(CKD)—a prominent feature of the classical form of the
AFD—was the main cause of premature death before the advent
of dyalisis.” After the introduction of renal replacement therapy,
cardiovascular events became the leading cause of death.'
A 10-year study documents the long-term effectiveness of ERT
in patients with classic AFD. However, ERT did not completely
prevent the occurrence of severe clinical events, and stroke was
most frequently reported in patients under 40 years of age. In
fact, ERT did not prevent the occurrence of cerebral white matter
lesions, and the effect of ERT on the risk of consecutive strokes
remains unknown. Recombinant lysosomal enzyme has not been
shown to cross the blood-brain barrier.

Renal disease progression after 10 years under ERT seems
to be related, at least in part, to the severity of the disease before
treatment, suggesting that ERT should be initiated before the
development of significant glomerulosclerosis and protei-
nuria.”® Similarly, patients initiated on agalsidase beta at a
younger age had a favorable cardiac treatment response.>!

Enzyme replacement therapy has been associated with a
delay in the progression of kidney disease, reduction in left
ventricular mass, and improvement in neuropathic pain, with
consequent improvement in quality of life.***> The most favor-
able treatment responses were observed in younger patients
who had less organ damage at the beginning of treatment. This
underlines the importance of early diagnosis and treatment to
prevent disease progression and irreversible damage.

This review aims to approach the clinical manifestations of
AFD and its several phenotypes, addressing the major differ-
ential diagnoses for the different manifestations and recom-
mendations for follow-up of patients with AFD.

Methods

Extensive bibliographic review was conducted using the
PubMed and Clinical Key databases on the AFD by a group
of experts from nephrology, neurology, cardiology, and inter-
nal medicine. The search terms used were “Fabry disease,”

“nephropathy,” “hypertrophic cardiomyopathy,” “stroke,”
“cerebrovascular,” ‘“‘polyneuropathy,” ‘angiokeratoma,
chronic diarrhea,” “persistent abdominal pain,” ‘“‘acropar-

)

esthesia,” and ‘“hypohidrosis.” After analysis of all relevant
publications, consensus meetings were held with all the
coauthors.

Clinical Manifestations

The progressive accumulation of Gb3 leads to lysosomal and
cellular dysfunction, triggering an inflammatory response,
leading to fibrosis and irreversible end-organ damage.? There
is not any defined sequence order for organ involvement and
disease progression. Therefore, the affected organs should be
evaluated, treated, and monitored separately.”

The classical picture of AFD is characterized by the appear-
ance of angiokeratomas, acroparesthesias, and gastrointestinal
symptoms during childhood/adolescence.'*'* Angiokerato-
mas, one of the early signs of AFD, are purplish punctate
lesions that do not disappear with vitropression. They may
gradually increase in number and size with age and are pre-
dominantly distributed on the hips, back, belly, and buttocks.
They can also appear on the oral mucosa and conjunctiva.’
Heat and/or cold and physical exercise intolerance, due to
hypo- or hyperhidrosis, are some other nonspecific symptoms,
which may start during child and teenage with exacerbations in
the beginning of the adult life.?*°

The diagnosis may be confirmed by determining o-galacto-
sidase A activity and/or by sequencing of the GLA gene. In
male, the determination of the a-galactosidase A activity is the
initial laboratory method to confirm diagnosis. Male patients
with classic phenotype usually have a-galactosidase A activity
<5% of normal, which is diagnostic, but in those with attenu-
ated phenotype, the residual enzymatic activity could be con-
siderable, requiring GLA gene sequencing for definitive
diagnosis.” Likewise, female patients (heterozygotes) can have
significant levels of enzyme activity and, for that, it’s a man-
datory GLA gene sequencing to screen mutations in women.”

GLA gene mutations include missense and nonsense muta-
tions, small deletions or insertions, and large gene rearrange-
ments. Some mutations, for example N215S, are associated
with a residual enzyme function and an attenuated phenotype.
The pathogenicity of novel gene alterations must always be
evaluated, and it is important to be aware that some mutations
are nonpathogenic, such as the inert exonic polymorphism
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p.D313Y substitution, associated with low plasma enzyme activ-
ity measure but with high residual lysosomal enzyme activity in
vivo and no pathologic excretion of urinary Gb-3. The p.D313Y
substitution is an example of a-Gal A pseudodeficiency.®>°

Cardiac Involvement

Cardiac manifestations occur in 40% to 60% of the patients.
Schiffmann et al reported that 49% of males and 35% of
females had an event by a mean age of 36.2 and 44.4 years,
respectively, and the leading cause of death in AFD is cardio-
vascular.**"?° Cardiac involvement results from the accumu-
lation of Gb3 in the cardiomyocytes, vascular endothelium,
vascular smooth muscle cells, fibroblasts, conduction system,
and valve apparatus.®® Given that Gb3 deposits constitute only
about 1% of the myocardial mass, additional mechanisms such
as inflammation, neurohumoral dysregulation, collagen deposi-
tion, and oxidative stress have been proposed to explain the
severity of hypertrophy.>°

Anderson-Fabry disease may cause left ventricular hyper-
trophy (LVH), aortic and mitral valves insufficiency, conduc-
tion abnormalities, coronary artery disease (mainly
microvascular), aortic root dilatation, and right ventricular
hypertrophy.®'? These changes may be clinically silent or
cause angina, dyspnea, palpitations, or even syncope, usually
in the third to fourth decade of life in men and a decade later in
women.>! In more advanced stages of the disease, ventricular
chamber enlargement and contractile dysfunction may occur.?
The attenuated cardiac phenotype, in which cardiac manifesta-
tions are predominant, is more common among women>> with
presentation between the fifth and eighth decades of life. These
patients may also have proteinuria.®

Left ventricular hypertrophy is a key feature of AFD cardi-
omyopathy and it is observed in about 50% of men and 33% of
women affected by the disease.’® In women, the loss of con-
tractile function and development of fibrosis, which can be
shown by late gadolinium enhancement in cardiac magnetic
resonance imaging (cardiac MRI), often occurs without evi-
dence of hypertrophy, while in men, LVH often precedes fibro-
sis and ventricular dysfunction.>® It is estimated that the
prevalence of AFD is set between 0.9% and 3.9% in men and
1.1% to 11.8% in women with LVH.*® Echocardiography is the
complementary diagnostic test recommended for LVH evalua-
tion.*® Usually, hypertrophy is concentric, but it can also be
asymmetric (with predominant septal involvement) and rarely
with outflow tract obstruction of the left ventricle (more com-
mon in sarcomeric hypertrophic cardiomyopathy). In 40% of
the cases, papillary muscles and right ventricle hypertrophy
are observed.****” The evaluation of myocardial contraction
and relaxation velocities by tissue Doppler allows an early
diagnosis of diastolic dysfunction even before the appearance
of ventricular hypertrophy.*®*° The strain/strain rate evalua-
tion in the echocardiogram enables the identification of
regional fibrosis, similar to the late gadolinium enhancement
in the cardiac MRIL.*

In the Fabry Registry, from the 1448 nontreated patients,
14% of men and 20% of women developed ventricular arryth-
mias.*' These arrhythmias were responsible for the increase in
early morbidity and mortality of this disease. In early stages of
the disease, the electrocardiogram shows a typical short PQ
interval. With the disease progression, LVH voltage criteria
and repolarization abnormalities appear that can be related to
left ventricular overload and ischemia progressing to prolonged
PR interval and more advanced degree of atrioventricular block
and ventricular arrhythmias, including ventricular tachycardia,
which can cause sudden cardiac death.

Although angina is common in AFD, the incidence of acute
coronary syndromes is low. Myocardial ischemia is the result of
various pathophysiological changes, but atherosclerosis is not
the main one. Microvascular coronary disease, endothelial dys-
function, autonomic dysfunction, and dysregulation of vascular
reactivity with vasospasm phenomena cause imbalance between
oxygen supply and consumption in the hypertrophied myocar-
dium and are mainly responsible for myocardial ischemia.'

The cardiac valves, mainly the mitral valve, could show a
diffuse thickening that can be observed early in childhood.'?
The aortic root dilatation is more frequent in male patients,
although surgical repair is rarely need.'?

Renal Involvement

Gb3 deposits accumulate in interstitial, endothelial, epithelial
tubular, and glomerular cells."* The first manifestations of
renal injury and dysfunction are tubular isosthenuria and hyper-
filtration.>® With the increasing accumulation of deposits, pro-
teinuria and a progressive decline in glomerular filtration rate
(GFR) appear, generally in the second to third decade of life, in
classically affected males. Urinary Gb3 levels can be used as a
diagnostic and a follow-up marker after enzyme replacement
therapy, but there is no evidence of its value in ERT efficacy
evaluation or renal prognostic B. Glomerular filtration rate can
be measured by creatinine or cystatin-C, a protein produced by
all nucleated cells and freely filtered by the glomerulus.
Torralba-Cabeza et al suggested that cystatin-C concentration
is a superior and more sensitive marker than serum creatinine in
detecting early renal involvement in patients with AFD of both
genders.** The same results were published by Feriozzi et al in
patients with Fabry nephropathy under ERT.*®

The presence of albuminuria/proteinuria is one of the first
signs of AFD nephropathy and is the current gold-standard
biomarker in Anderson-Fabry nephropathy. Proteinuria may
vary from trace to nephrotic and, in 18% of cases, are associ-
ated with nephrotic syndrome.'* However, it is important to
notice that the absence of proteinuria does not exclude nephro-
pathy, which, in these cases, may be of ischemic nature due to
impairment of renal arteries.**

The progression of CKD in AFD is comparable to diabetic
nephropathy, with a GFR average decrease, in men of 12 mL/
min/yr.'® The progression toward terminal CKD is more fre-
quent in males (8:1) and usually occurs on the fourth or fifth
decade of life in classical phenotypes.*’
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Table 1. Most Common Differential Diagnosis in Patients With AFD.

Symptom

Most Common Differential Diagnosis

Fabry Symptoms for Differentiation

Arthralgia, increased
sedimentation
rate

Pain in the limbs

Acute pain with no
apparent cause

Peripheral pain and
temperature
sensitivity

Transient ischemic
attacks

Angiokeratomas

Abdominal pain

Recurrent
abdominal pain
and altered bowel
habits

Tinnitus and vertigo

Rheumatoid arthritis (joint pain, Raynaud’s phenomenon,
and positive rheumatoid factor)

Rheumatic fever (migratory polyarthritis involving
ankles, wrists, knees, and elbows with edema, usually
spares hands and feet). Usually self-limited (lasting less
than | month)

Juvenile dermatomyositis (rare autoimmune disease;
heliotropic dermatitis; and elevated muscle enzymes)

Juvenile idiopathic arthritis—chronic arthritis of
unknown cause that occurs in children and
adolescents under |6 years

Growth crises (recurrent, self-limited in the lower
extremities at the end of the day and night)

Psychiatric illness (no other manifestations of AFD)

Fibromyalgia (the absence of other manifestations of AFD)

Raynaud’s phenomenon (color changes in the fingers
triggered by cold, 80% are women. It is associated with
autoimmune diseases)

Multiple sclerosis (can be accompanied by pain in the
extremities and abdominal pain)

Migraine with aura

Conversive crisis

Hereditary hemorrhagic telangiectasia (autosomal-
dominant transmission; telangiectasia in the skin,
mucous membranes, and internal organs; recurrent
epistaxis in adolescence; gastrointestinal bleeding)

Ataxia telangiectasia (autosomal-recessive transmission;
skin and conjunctival telangiectasias in areas exposed to
light; neurological symptoms predominate)

Inflammatory bowel disease

AppendicitisMesenteric lymphadenitis
Irritable bowel syndrome

Méniére disease

Fabry symptoms: paresthesias, intolerance to heat/cold,
hypo- or hyperhidrosis, angiokeratomas, abdominal
pain, or diarrhea; cornea verticillata; compatible family
history. The absence of synovial inflammation

Nonmigratory arthralgias in the hands and feet; Fabry
symptoms; cornea verticillata; compatible family history

Neuropathic pain induced by fever, temperature changes
or exercise, hypohidrosis. Mean age of onset: |* decade
in boys and a decade later in girls

Proteinuria, left ventricular hypertrophy, angiokeratomas,
and cornea verticillata

More common in men with classic phenotype. Other
symptoms of AFD

The presence of angiokeratomas, cornea verticillata,
proteinuria, and left ventricular hypertrophy

X-linked transmission; predominance in the hips,
buttocks, and genital area. No bleeding diathesis

Lesions located predominantly in the hips, buttocks, and
genital area. No ataxia

Fabry symptoms, proteinuria, cornea verticillata, and
angiokeratomas

Abdominal pain associated with acroparesthesia

Abdominal pain associated with neuropathic pain,
angiokeratomas, proteinuria

Fabry symptoms, cornea verticillata, angiokeratomas

Abbreviation: AFD, Anderson-Fabry disease.

To both genders, proteinuria is the most important prognos-
tic for renal disease progression. Besides proteinuria, the male
gender, the degree of glomerulosclerosis, a higher baseline
creatinine with estimated GFR bellow 60 mL/min/1.73 m? in
untreated patients, and hypertension are other risk factors for
renal disease progression.*’

Neurologic Involvement

The earliest neurological manifestations of AFD translate
dysfunction of small-diameter peripheral nervous fibers. In
the classical form of the disease, they could appear in the
first decade in male patients and 1 decade later in females.*
These symptoms—neuropathic pain, paresthesia, dysesthesia,

and decreased thermic sensitivity—are classically known as
acroparesthesias.*® Neuropathic pain can be chronic,
described as burning sensation, but in the first years of dis-
ease, it is typically presented as recurrent paroxysmal epi-
sodes of excruciating pain—the painful Fabry crises—
induced by fever, temperature changes, exercise, fatigue, or
stressful situations.*>*® Pain and sensitivity changes initially
affect, symmetrically, the soles of the feet and progress
proximally involving the palms. The painful crises can be
accompanied by arthralgia, fever, or elevated sedimentation
rate.*’” The involvement of the autonomic nervous system
results in hypo/anhidrosis or hyperhidrosis, gastrointestinal
dysmotility, cold, warm and exercise intolerance, and ortho-
static hypotension.*®
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Table 2. LVH Differential Diagnosis.

Disease

Clinical Features

Diagnosis

Common Causes

Physiologic LVH

Sarcomeric protein
disease

Myocardial
infiltration

Unclassified
cardiomyopathies

Metabolic diseases

Arterial
hypertension

Aortic stenosis

Obesity

Athletic heart

Hypertrophic
cardiomyopathy

Amyloidosis

Hemochromatosis

Left ventricular
noncompaction

Fabry disease

5% to 10% secondary causes
Fundoscopic changes

Lost nocturnal dip
Slow-rising pulse

Ejection systolic murmur
182

Body mass index
Waist circumference
LVH regression with weight loss

High level of endurance training
Resting bradycardia
LVH regression with deconditioning

Family history (population prevalence
I: 500)

I'st cause of sudden death in young
athletes

Risk stratification for sudden cardiac
death

Senile amyloidosis frequent (~20%
with >80 years). Multisystem
involvement: proteinuria,
petechiae, hepatosplenomegaly,
autonomic and peripheral
neuropathy, macroglossia

AL amyloidosis—increased cardiac
involvement

Late presentation in females

Transfusion overload

Clinical picture includes bronze skin,
arthritis, diabetes, and liver
cirrhosis

Familial in up to 25% of cases

Also observed in other
cardiomyopathies

Typical presentation with triad of
palpitations, thromboembolism,
and/or heart failure

Lysosomal storage disease

a-galactosidase deficiency

Multisystemic disease

Enzyme replacement therapy
available

ECG: LVH; ECHO: LVH concentric

Genetics: useless

Other: identification of secondary causes

ECG: LVH; ECHO: LV/AO gradient, valve area

Cardiac MRI: morphology and valve area

Genetics: useless

Laboratory: nonspecific

ECG: LVH (=~10%); ECHO: LVH concentric epicardial fat

Cardiac MRI: useful if poor acoustic window

Genetics: monogenic defects, eg, leptin deficit

Other: endocrine causes

ECG: LVH; ECHO: mild LVH (< 13 mm), LV dilatation,
without diastolic dysfunction or longitudinal
dysfunction

Cardiac MRI: no late gadolinium enhancement

Genetics: useless

Other: VO;max 2 predicted

ECG: LVH, T-wave inversion in the anterior wall (apical
variant)

ECHO: asymmetric LVH (4 common), systolic anterior
motion of mitral valve, dynamic LV outflow tract
obstruction

Cardiac MRI: intramyocardial delayed enhancement
diffuse

Genetics: autosomal dominant

Histology: myofibrillar disarray, fibrosis, small vessel
disease

ECG: low voltage QRS complex, AV block, AF; ECHO:
LVH, atrial dilation, LV systolic function preserved, LV
granular appearance, restrictive physiology

Cardiac MRI: global subendocardial late gadolinium
enhancement

Genetics: in familial amyloidosis autosomal dominant
(transthyretin)

Biopsy: Congo red positive

ECG: LVH; ECHO: LVH, cavities dilation, restrictive
pattern

Cardiac MRI: rapid signal decay (<20 milliseconds) on T2,
can guide the need for phlebotomy or chelation
therapy

Genetics: HFE gene (autosomal recessive)

Other: iron kinetic

ECG: LVH, supraventricular arrhythmias

ECHO: NC/C ratio >2:1. Doppler color: deep perfused
intertrabecular sinuses

Cardiac MRI: tendency to overdiagnosis

Genetics: autosomal dominant (familial cases)

ECG: LVH, short PR (early stages), heart block (late
stages)

ECHO: concentric LVH, right ventricular, and papillary
muscles hypertrophy are common

Cardiac MRI: late enhancement in inferoposterior wall
(spares subendocardium)

Genetics: X-linked transmission

Lab: proteinuria and increased serum creatinine

(continued)
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Table 2. (continued)

Disease

Clinical Features

Diagnosis

Mitochondrial

Pompe disease

Danon disease

PRKAG2

Primary carnitine
deficiency

Kayers Sayer

Glycogen storage disease (type Il)

Acid maltase deficiency

Early onset: survival beyond | year
unusual

Late onset: after | year of age can
occur in adulthood (rare cardiac
involvement)

Limb-girdle myopathy and
respiratory muscles weakness

Enzyme replacement therapy available

Lysosomal glycogen storage disease:
LAMP2 deficiency (lysosomal
membrane transporter protein)

Males present in childhood, females
in early adulthood

Myopathy and mental retardation

Lysosomal glycogen storage disease

AMP-activated protein kinase y2
gene mutation

Multisystem involvement rare

Fatty acid oxidation disorder

Functional carnitine transporter
deficiency

Most frequent presentation in infancy

Myopathy, hepatomegaly, abnormal
fatty acid metabolism

Myopathy and mitochondrial disease

myopathies MERRF syndrome  Heart: LVH and arrhythmias
Multiple varieties MELAS syndrome  Neurological: ataxia, stroke,
(examples) ophthalmoplegia, ptosis,
nystagmus, retinitis pigmentosa
Syndromic Noonan Common: 1:1000 live births
conditions Facial dysmorphia
Multiple varieties Short stature
(examples)

Friedreich ataxia

Rare: I: 135 000 live births
Ataxia, dysarthria, diabetes, motor
neuropathy

ECG: LVH, short PR (early stages), accessory pathways
(rare in late onset forms)

ECHO: concentric LVH, restrictive physiology (rare in
late onset forms)

Cardiac MRI: nonspecific

Genetics: autosomal recessive

Lab: T serum CPK, no fasting hypoglycemia, muscle
biopsy

ECG: LVH, short PR, accessory pathways

ECHO: concentric LVH with restrictive physiology
Cardiac MRI: nonspecific

Genetics: X-linked dominant

Lab: | LAMP2 activity

muscle biopsy

ECG: LVH, short PR, accessory pathways

ECHO: concentric LVH with restrictive physiology
Cardiac MRI: nonspecific

Genetics: autosomal dominant

ECG: LVH

ECHO: concentric LVH with restrictive physiology
Cardiac MRI: nonspecific

Genetics: autosomal recessive

Lab: hypoglycemia, hyperammonemia

ECG: LVH

ECHO: concentric LVH with restrictive physiology

Cardiac MRI: nonspecific

Genetics: mitochondrial DNA mutations

Muscle biopsy: typical ragged red fibers

ECG: LVH

ECHO: LVH, pulmonary stenosis, septal defects

Cardiac MRI: nonspecific

Genetics: autosomal dominant or sporadic (mutations
involving growth hormone proteins)

ECG: LVH

ECHO: LVH

Cardiac MRI: nonspecific

Genetics: autosomal recessive (involving proteins
associated with mitochondrial iron metabolism)

Abbreviations: ECG, electrocardiography; ECHO, echocardiography; LVH, left ventricular hypertrophy; MRI, magnetic resonance imaging; LV/AO, left ventricular/
aortic ratio; AL, amyloid light-chain; AV, atrioventricular; NC/C, noncompacted to compacted myocardial ratio; CPK, creatine phosphokinase; MERRF, myoclonic
epilepsy with ragged red fibers; MELAS, mitocondrial myopathy, encephalopathy, lactic acidosis and stroke.

The conventional electromyography is normal in patients
with small-fiber neuropathy, except in those with renal dys-
function, associated with small-fiber neuropathy. For a better
characterization and quantification of the neuropathic involve-
ment, noninvasive autonomic and sensitive fiber tests are rec-
ommended (quantitative sensory testing, quantitative
sudomotor axon reflex, test pain-related evoked potentials,
electrochemical skin conductance, among others). Skin biopsy
could also demonstrate reduced intraepidermal nerve fiber
density.

Cerebrovascular events of AFD include transient ischemic
attacks (TIAs), ischemic stroke, hemorrhagic stroke, and cere-
bral white matter lesions. The typical pattern of vascular injury

is a small vessel type,*® and there seems to be a predilection for
involvement of the vertebrobasilar territory.

Fabry Registry data indicate a prevalence of stroke of
6.9% in males and 4.3% among females, with an average
age at the first event of 39 years in men and 46 in women.>°
About 25% of the patients have their first stroke before
30 years.”' Most of these patients had no history of cardiac
or renal disease, and in 50% of men and 38.3% of women,
AFD diagnosis has not yet been established. The presence of
changes in the cerebral white matter in young adults of both
sexes, identified by brain computed tomography or MRI, has
been consistently reported in patients with AFD. Other fre-
quently described imaging aspects are dolichoectasia of
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Table 3. Nephropathy Differential Diagnosis.

Most Common

Symptom Differential Diagnosis

Features for Differentiation

Albuminuria/
proteinuria
microhematuria

Hypertension

Decrease of GFR

IgA nephropathy

biopsies
Focal and segmental
glomerulosclerosis

Microscopic hematuria (rare in AFD)
Recurrent macroscopic hematuria (very rare in AFD)
Pathologically, mesangial proliferation with prominent IgA deposition is observed in almost all

Nephrotic syndrome is a common clinical presenting feature (>70% of patients)
Severe hypertension can be present

Histopathological findings: segmental sclerosis of the glomerular tuft with obliteration of
glomerular capillaries by accumulation of acellular matrix and hyaline deposits, along with
adhesion to the Bowman capsule

Fusion of diffuse foot process, predominantly in the sclerotic segments, that can be also observed

in AFD
Alport syndrome
Sensorineural deafness

Hematuria is the most common and earliest manifestation of Alport syndrome (rare in AFD)

Ocular manifestations: anterior lenticonus; dot-and-fleck retinopathy; posterior polymorphous
corneal dystrophy and temporal macular thinning
Renal biopsy: ultrastructural abnormalities—splitting and lamellation of the glomerular basement

membrane

Abbreviations: AFD, Anderson-Fabry disease; GFR, glomerular filtration rate; IgA, immunoglobulin A.

Table 4. Young Adults and Children Small Fibers Neuropathy
Differential Diagnosis.

Differential Diagnosis

Diabetes mellitus

Vitamin B2 deficiency and vitamin B6é toxicity

Amyloidosis (hereditary or acquired)

Acute intermittent porphyria

Vasculitis

Connective tissue diseases, sarcoidosis

Immuno-mediated: postinfectious, associated with other autoimmune
diseases

Neurotoxic drugs: retroviral, cytostatics, metronidazole, and
linezulide

Infections: HIV, HCV, Lyme disease, Hansen disease

Toxic: alcohol, heavy metals

Sensitive and autonomic hereditary neuropathies

Abbreviation: HCV, hepatitis C virus.

intracranial arteries, namely the basilar artery and the pulvi-
nar hyperintensity on MRI.>?

Other Signs and Symptoms

Gastrointestinal symptoms that may arise in patients with AFD
are postprandial abdominal pain, early satiety, bloating, inter-
mittent diarrhea, chronic nausea, and vomiting. Many children
have failure to thrive and are short-statured. These symptoms
typically appear in adolescence.”

The cornea verticillata is common. This corneal abnormality
rarely causes changes in visual acuity and it is characterized by
pale cornea streaks.” Retinal vessels are commonly affected
with arteriolar narrowing, venous dilatation, and irregularity
and excessive tortuosity of retina vessels.? The tear production
may be reduced.”

Late pulmonary involvement can be manifested with
chronic cough, shortness of breath with exercise, and sibilance?
due to obstructive lung disease.”® The otologic involvement is
characterized by progressive hearing loss (especially for fre-
quencies above 4000 Hz), sudden deafness (often asymmetri-
cal), and vestibular symptoms (vertigo).>

Recommendations for Diagnostic Work-Up

After the diagnosis in the proband, it is important to make up a
pedigree in order to identify all relatives at risk. Although AFD
is an X-linked disease with full penetrance, it is important to
remember that it can skip a generation due to the variable
phenotypic expression.® The diagnosis should be proposed to
all at-risk family members.

In this article, we present a practical approach to differential
diagnosis for the main manifestations of AFD. Children with
AFD are often diagnosed with rheumatism, viral infections,
growing pain, bone problems, psychogenic or cryptogenic pain,
food poisoning, or nonspecific gastrointestinal pain.”* In Table
1, we present the most common differential diagnosis and the
Fabry symptoms that can help to differentiate those pathologies.

Cardiac

Left ventricular hypertrophy is not pathognomonic of AFD,
and several other conditions can be responsible for this feature.
The identification of LVH should lead to a systematic approach
to the exclusion of other causes of LVH that are summarized in
Table 2.3

Renal

Renal impairment, usually, manifests with albuminuria or pro-
teinuria on the second or third decade of life. The podocytes
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Table 5. Follow-Up of the Different Clinical Manifestations of Fabry Disease.

Organ System

Assessment

Recommendation

General

Renal

Cardiac

Neurologic

ENT

Ophthalmologic

Pulmonology

Gastrointestinal

SF-36 Health Survey

Genetic counselling

Genotype

Vascular risk factors assessment: cholesterol (total, LDL,
HDL), triglycerides

Lipoprotein a, total plasma homocysteine, factor V Leiden,
protein C, protein S, prothrombin G202 10A mutation,
antithrombin Ill, antiphospholipid antibodies

Creatinine, urea, serum electrolytes, renal ultrasound

24-hour Urine: proteins, creatinine, sodium or

Spot urine: protein/creatinine ratio, albumin/creatinine ratio

Palpitations, angina

Blood pressure, rhythm
ECG, echocardiography

Holter

Event monitoring
Cardiac MRI

Coronary angiography

Paresthesias, painful crises, intolerance to cold and heat,
focal symptoms

Neurologic examination, brief pain, neuropathic pain in
4 questions

Brain MRI

Study of cervical and intracranial vessels (angio MRI and/or
ultrasound)

Neurophysiological tests for small-fiber neuropathy

Tinnitus, hearing loss, vertigo

Audiometry

General eye examination

Cough, exercise dyspnea, wheezing, exercise intolerance

Spirometry (including response to bronchodilators),
cardiopulmonary exercise testing, oximetry, chest X-ray

Postprandial abdominal pain, bloating, early satiety, diarrhea,

nausea, vomiting, failure to thrive
Endoscopic or radiological evaluation

Every 12 months

Baseline; if new data

If not previously determined
Every 12 months

Baseline

Baseline

Every 12 months: CKD stage | to 2 and proteinuria <I g/d

Every 6 months: CKD stage 3 and proteinuria <I g/d

Every 3 months: proteinuria >| g/d or CKD stage 4

Baseline

Every 6 months

Every evaluation visit

Baseline

Every 12 months

Baseline

Every 12 months

If an arrhythmia is suspected or palpitations are present

Baseline

Revaluation according to clinical and echocardiographic findings

If clinical signs of ischemia

Baseline

Every 6 months

Baseline

Every 6 months

Baseline, if TIA or stroke event; biannually or annually if
white matter lesions

If cerebrovascular event

At baseline

Baseline

Every 6 months

Baseline

Every 24 months

Baseline

Every 12 months

Baseline

Every 6 months

Baseline

Every 24 months or if clinical indications
Baseline

Every 6 months

If symptoms persist or worsen despite treatment

Abbreviations: CKD, chronic kidney disease; ECG, electrocardiography; MRI, magnetic resonance imaging; SF-36, Short Form—36; TIA, transient ischemic attack.

injury occurs early, and segmental foot process effacement was
observed in all young Fabry patients, despite the absence of
abnormal albuminuria.*' For that, in patients at risk of FD, any
value of albuminuria observed in children, even if in the “nor-
mal” range, should be considered as suspected.® Microhema-
turia is rare. Later hypertension and renal dysfunction can
appear. In the absence of familiar involvement, these findings
may occur in the presence of other glomerulopathies such as
immunoglobulin A nephropathy, focal, and segmental

glomerulosclerosis. In the presence of familial renal disease,
Alport syndrome could be considered (Table 3).

Neurological

All children and teenagers with a suggestive clinical picture of
neuropathy—especially if associated with painful complaints
and autonomic dysfunction—should be evaluated by a neuro-
pediatrician/pediatrician in order to establish the diagnosis.



Beirdo et al

Small-fiber neuropathy differential diagnosis in young adults
and children is described in Table 4.

Histologic Diagnosis

Renal biopsy is important to confirm AFD diagnosis in cases
where the pathogenicity of the mutation is unknown and in
order to exclude other pathologies when atypical forms of the
disease are presented.”” It is also important to evaluate the
degree of the renal involvement. The presence of global or
segmental glomerulosclerosis in more than one half of glomer-
uli was associated with the progression of the decline of GFR,
despite the ERT. The renal biopsy also allows the detection of
AFD in patients with proteinuria or chronic renal disease with
no other signs or symptoms of AFD.'*

Initial Assessment and Follow-Up
Recommendations

After the initial evaluation, the frequency of follow-up depends
on the clinical severity and the involvement of different organs
(Table 5). The initial baseline assessment should be performed
for both sexes. In women with confirmed diagnosis, the organic
involvement needs to be determined clinically. Asymptomatic
women may be evaluated every 2 years by increasing the fre-
quency to annual in adulthood, but symptomatic women should
be monitored every 6 months, as recommended for men.>

Cardiac MRI is recommended to all patients with AFD as
the preferential examination to detect localized forms of hyper-
trophy and its exact distribution, which sometimes are not
detected by echocardiography.’® Late gadolinium enhance-
ment in cardiac MRI allows the identification and quantifica-
tion of focal myocardial fibrosis. In AFD, the late gadolinium
enhancement is usually observed in intramyocardial and sub-
epicardial regions of basal segments of the inferolateral wall.””
Although this location is not pathognomonic of the disease,’® in
other forms of hypertrophy, the fibrosis usually has other dis-
tribution patterns.’® The late gadolinium enhancement has also
important prognostic implications, since it correlates with the
myocardial mass index and the risk of developing potentially
fatal arrythmias.®® In the near future, this image method may
add even more information to the diagnosis, follow-up, and
evaluation of the therapeutic benefits with the development
of new cardiac MRI techniques (T1 color mapping).®'

Patients with AFD can develop arrhythmias, associated
with morbidity and mortality. The Holter monitoring is indi-
cated on the patient’s initial assessment and follow-up. If
there is high suspicion of rhythm abnormalities with com-
plaints of palpitations or syncope, and if they are undetected
by conventional Holter monitoring, event monitoring regis-
ters is recommended.?

Renal evaluation is based in serum creatinine, serum urea,
serum cystatin-C, serum electrolytes albuminuria/proteinuria,
and renal ultrasound. Patients with CKD stage 1 and 2 should
be reevaluated every 12 months, those with CKD stage 3 and
proteinuria <1 g/d should be reevaluated every 6 months, and if

proteinuria >1 g/d or CKD stage 4, the reevaluation should
occur every 3 months.

To characterize the neuropathic involvement, noninvasive
autonomic and sensitive fiber tests are recommended (quanti-
tative sensory testing, quantitative sudomotor axon reflex, test
pain-related evoked potentials, electrochemical skin conduc-
tance, among others).

The brain MRI is important to identify cerebral white mat-
ter lesions and other described imaging aspects such as doli-
choectasia and the pulvinar hyperintensity, and it should be
repeated biannually or annually in the presence of white mat-
ter lesions.

Conclusion

Anderson-Fabry disease diagnosis requires high clinical suspi-
cion, particularly in attenuated forms of the disease. The pres-
ence of proteinuria and/or unknown etiology CKD, LVH,
cerebral white matter lesions, and stroke/TIA especially in
young adults is important sign of the disease and requires
screening. Given the availability of ERT and its impact on
morbidity/mortality, timely diagnosis of AFD is imperative.
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