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Fabry disease (FD) (Anderson-Fabry disease, OMIM 301500) is a genetic disorder caused by a pathogenic variant
in the GLA gene on chromosome Xq22 that produces a deficiency in the lysosomal enzyme alpha-galactosidase A.

It is transmitted as an X-linked trait, although de novo mutations have been described. The objective of this
report is to describe the clinical characteristics of a patient with FD who is a carrier of a mutation not previously
studied, in order to provide information on the genotype-phenotype correlation in this pathology.

38-year-old patient who consulted Neurology for positional vertigo. He also reported acroparesthesia,
anhidrosis, heat intolerance and episodes of abdominal pain, with postprandial discomfort from 10 years of age.
Physical examination showed horizonto-rotatory nystagmus in both looks, the rest of the neurological evaluation
did not present abnormalities. The presence of umbilical and thighs angiokeratomas was identified. Determi-
nation of Alpha-Galactosidase in blood was requested: 0.34 pmol/l/h (2.10-10.51 pmol/l/h). Genetic analysis
detected a deletion of a guanine at position 448, in exon 3 of the GLA gene (c.448delG). This mutation was
considered to be pathogenic, confirming the diagnosis of FD, although it is not described in the data bases.
Genetic counseling and a family pedifree study were performed without finding relatives with this variant of the

GLA gene or a family history of FD, which suggests a de novo mutation.

1. Introduction

Fabry disease (FD) (Anderson-Fabry disease, OMIM 301500) is a
genetic disorder caused by a pathogenic variant in the GLA gene on
chromosome Xq22 that results in a deficiency in the lysosomal enzyme
alpha-galactosidase. FD is transmitted as an X-linked trait, although de
novo mutations have been described. Recently, there have been very
important advances in molecular assessment for FD. More than 900
mutations have been identified in the GLA gene (databases www.hgmd.
org and www.dbfgp.org/dbFgp/fabry), including nonsense mutations,
small deletions/insertions, splice mutations, and large rearrangements
of genes. Most of the pathogenic variants of the GLA gene involved are
nonsense exon mutations and there are few descriptions of intronic
mutations. These variants are usually inherited and cases of de novo
appearance, that is, spontaneously arising, occur rarely [1,2].

The alpha-galactosidase A enzyme is widely expressed in different
tissues and its deficiency results in the deposition of glycosphingolipids,
particularly globotriaosylceramide (Gb3), in different organs and tissues

(central and peripheral nervous system, skin, eyes, heart and kidneys).
FD is a relatively rare condition with an annual incidence ranging from
1: 40,000 to 1: 117,000, but in view of its heterogeneous phenotype it is
probably underdiagnosed [3]. The time elapsed from the first signs and
symptoms to the diagnosis of FD is 15 years [4], because it is not sus-
pected due to its low frequency and the diversity and non-specificity of
its signs and symptoms [5].

Hemizygous male patients develop a severe phenotype with early
symptoms called classical phenotype, and women heterozygous for the
disease exhibit phenotypes that range from asymptomatic to those with
vital organ involvement [6,7]. More recently, phenotypes called late
variants have been described, in which manifestations are restricted to a
single target organ, appear in adulthood, and lack the typical childhood
symptoms of the classic forms.

Cardiovascular complications are the leading cause of death [8],
40% of patients die from cardiovascular complications versus <10% as a
result of neurological and renal complications [9].

More than a half of the patients present cardiac compromise, the
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most prevalent alteration being hypertrophy of the left ventricle (LVH)
[10]. Although hypertrophy usually precedes myocardial fibrosis, this
may be the first manifestation of cardiac involvement, especially in
women [10,11].

The most frequent alterations reported are neurological manifesta-
tions (84% men, 79% women). The most common symptom is neuro-
pathic pain that begins in childhood in men and in adolescence in
women, typically acroparesthesias [13]. Auditory symptoms, such as
hearing loss and tinnitus, are evident in approximately half of patients
[13].

Central nervous system (CNS) involvement manifests as vascular
abnormalities demonstrated by brain magnetic resonance imaging
(MRI) (hyperintense lesions of the white matter), transient ischemic
attack (TIA) and cerebrovascular accident (CVA) particularly in patients
under 55 years of age.

The progressive deterioration of renal function is observed in half of
the patients. The need for transplantation or dialysis was reported in
17% of men and 1% of women. The presence of proteinuria is charac-
teristic of FD nephropathy [13].

Gastrointestinal manifestations (abdominal pain and diarrhea) are
identified in approximately 50% of cases [13].

The diagnosis of FD is essential because, unlike other pathologies
with which it is essential to make a differential diagnosis, it is possible to
perform enzyme replacement therapy (ERT) with Agalsidase Alpha or
Beta. ERT has been shown to improve quality of life and reduce the
progression of cardiovascular and renal compromise in patients with FD
[14].

The aim of this report is to describe the clinical characteristics of a
patient with FD who is a carrier of a mutation not previously studied, in
order to provide information on the genotype-phenotype correlation in
this disease.

2. Case report

38-year-old patient who consulted Neurology because of objective
positional vertigo associated with nausea. He also reported acropar-
esthesia and dysesthesia in hands and feet from the age of 10, in treat-
ment with carbamezepine 400 mg/day. He also manifested anhidrosis
and heat intolerance at the same time of evolution and episodes of
abdominal pain, with postprandial discomfort.

2.1. He denied personal and family medical history as well as
cardiovascular risk factors

Physical examination showed horizonto-rotatory nystagmus in both
looks, the rest of the neurological evaluation did not present abnor-
malities. The presence of umbilical and thighs angiokeratomas was
identified (Fig. 1).
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2.2. Complementary exams

2.2.1. Laboratory

The most relevant data from the general laboratory were: Hemato-
crit: 34.5%, Hb: 11.1 g/dl, Leukocytes: 9120/mm3, Platelets: 509000/
mm3, Creat: 0.83 mg/dl, Uremia: 17 mg/dl, Total Col: 132 mg/dl, LDL
Col: 93.4 mg/dl, HDL Col: 37.1 mg/dl, TGL: 62 mg/dl and Glyc: 104 mg/
dl. The presence of anemia stands out, the rest of the parameters did not
show alterations.

The evaluation of renal function reported values within the normal
range: [24-]hour microalbuminuria: 11.8 mg and Creat Cl: 113.4 ml/
min.

Given the suspicion of FD, the determination of Alpha-Galactosidase
in blood was requested: Alpha-Galactosidase enzymatic activity: 0.34
pmol/1/h (2.10-10.51 pmol/1/h). Once the diagnosis was confirmed, a
sample was sent for genetic analysis.

Genetic analysis was performed by DNA isolation from blood, PCR
amplification, purification and subsequent sequencing of the 7 exons of
the GLA gene. A deletion of a guanine at position 448 was detected in
exon 3 of the GLA gene (c.448delG), which produces a change in the
reading frame of the protein. This mutation was considered pathogenic,
confirming the diagnosis of FD.

2.3. Subsequently, tests were requested for cardiological, CNS,
ophthalmological and renal evaluation

Chest X-ray, renal ultrasound, ECG and brain MRI did not report
alterations (Fig. 2).

Audiometry: bilateral hearing loss at high tones (4000 to 8000 Hz) of
mild to moderate degree.

Slit lamp ophthalmological study: presence of spiral bands in the
cornea (cornea verticilata).

2.4. Fine fiber study (QST) commitment of fibers to delta and C

2.4.1. Echocardiogram

Left ventricular end diastolic diameter (LVEDD): 53 mm, left ven-
tricular end diastolic volume (LVEDV): 137 ml, left ventricular end
sistolic diameter (LVESD): 36 mm, left ventricular end sistolic volume
(LVESV): 56 ml, interventricular septum diameter (diastolic) (IVSD): 11
mm, posterior wall diameter (diastolic) (PWD): 11 mm, normal wall
motility, ejection fraction (EF): 59%, left ventricular mass index (LVMI):
123 g/m2, left atrium (LA): 38 ml/m2, E/e’: 6.

Speckle Tracking Echocardiography (STE) assessment was per-
formed reporting normal Global Longitudinal Strain (GLS): - 19.6%.
Segmental Longitudinal Strain analysis showed the presence of 3 seg-
ments (inferobasal, posterobasal and anterobasal) with values > —15%
(Figs. 3 and 4).

Cardiac Magnetic Resonance Imaging (MRI): left ventricular end
diastolic volume (LVEDV): 144 ml, left ventricular end sistolic volume
(LVESV): 64 ml, interventricular septum diameter (diastolic) (IVSD): 14
mm, posterior wall diameter (diastolic) (PWD): 12 mm, ejection fraction

Fig. 1. Umbilical and thigh angiokeratomas.
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Fig. 2. Brain MRI axial, flair effect normal.
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Fig. 3. M-mode echocardiogram reporting LVH (LVMI: 123 g/m2).

(EF): 52%. No evidence of Gadolinium Late Enhancement (Fig. 5).

Finally, genetic counseling and a family pedifree study were carried
out. Father and mother deceased, without significant antecedents, sister
and son were negative. Two children of a mother’s sister were also
studied with negative results. No relatives with this variant of the GLA
gene or family history of Fabry disease were found. These data suggest
that the present case would be a de novo mutation.

2.5. Therapeutic behavior

ERT (Agalsidase Alfa) was started due to the presence of LVH, LA
dilation and segmental deterioration of the myocardial Longitudinal
Systolic Strain, accompanied by acroparesthesia, hearing loss, anhid-
rosis, vertigo and abdominal pain.

3. Discussion

FD is a rare disease in which significant advances in diagnosis and
therapy have been made in recent years. The heterogeneity of its man-
ifestations causes a high degree of variation in its clinical symptoms,
both in hemizygous and heterozygous patients. Phenotypic pre-
sentations are even more variable in heterozygous patients due both to
the nature and type of the GLA variant and to the X chromosome inac-
tivation profiles in the different organs. Due to the wide heterogeneity in
the natural history of patients with FD, there has been a growing interest

among experts in the scientific community in establishing potential as-
sociations between genotypes and phenotypic presentations of GLA (for
example, international database of genotypes and phenotypes Fabry
disease - hgmg.org - dbfgp.org/dbFgp/fabry/ - fabry-database.org) to
optimize clinical management. However, many GLA variants remain
absent or unclassified in these specific gene databases [1].

In the present report, the clinical compromise of a patient with FD
with a c.448delG mutation was described that we interpret as patho-
genic since it is a deletion that generates displacement in the reading
frame resulting in a reduced activity of alpha galactosidase and a
characteristic phenotype of the desease. The frequency of de novo mu-
tations in FD is unknown, Rodriguez-Mari et al. studied 22 families
Spanish with FD and detected a de novo mutation was 4,5% (1 of 22
families). In other studies, Kobayashi et al. studied 74 families Japanese
and detected a de novo mutation 6,8% (5 of 74 families). Patients with
Fabry have a relatively low frequency of de novo mutations of the GLA
gene in relation to the frequency de novo widely reported in other X-
linked disorders such as Duchenne muscular dystrophy and hemophilia
where approximately one-third of mutations of these two diseases are
expeted to arise de novo [15].

This patient presents multisystemic involvement, including acrop-
aresthesia, hearing loss (in pure tone audiometry evaluation), anhidosis,
vertigo, abdominal pain, cornea verticilata, angiokeratomas and heart
disease (LVH and segmental alterations of the myocardial Strain). There
was no evidence of involvement of the kidneys. This variant is consid-
ered pathogenic although it is not described in the data banks.

In the bibliographic review, it was found that this mutation was
previously named but the description of its clinical manifestations or the
evolution of the organic involvement of the disease over time was never
made. We believe that it is very important to characterize its clinical
features, and to assess its severity and prognosis. In prior presentations
this mutation was included, focusing the study of possible nephrological
compromise, and in the case of this patient, no renal function alteration
was demonstrated, highlighting the cardiological and neurological
involvement [16-19].

Hearing loss in EF is a common symptom, and has been reported in
both children and adults. As in the case described, many people are
unaware of their decreased hearing as evidenced by different reports of
hearing loss in FD, where 41% of patients refer it but when performing a
pure tonal audiometry the alteration is demonstrated in 78% of the FD
patients [20].

Thus, the importance of studying the heart in these patients is
fundamental, since cardiomyopathy can begin in early stages and, as
mentioned, it is the cause of death in most cases.

The presence of unexplained LVH, especially if it is concentric,
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Fig. 4. Speckle Tracking Echocardiography showing normal GLS - 19.6%. Inferobasal, posterobasal and anterobasal segments (yellow, red and blue curves) reported

values > — 15%, suggesting deterioration of the Longitudinal Strain.

Fig. 5. MRI reporting LVH. No evidence of Gadolinium late enhancement.

symmetric and non-obstructive, combined with the rest of the signs and
symptoms described above should make the diagnosis of FD suspect
[21].

STE evaluation is a relatively inexpensive method that allows the
analysis of global systolic function and of each one of the myocardial
segments, semi-automatically, minimizing angular dependence and
intra- and inter-observer variability, Thus, it is an interesting option for
the diagnosis, prognosis and follow-up of patients with FD [22-24].

There is growing evidence that the presence of segmental alterations
of the Longitudinal Sistolic Strain (a cut-off point of —15% has been

reported) is an early marker of myocardial involvement [25], whereas a
value higher than - 12.5% is a strong indicator of replacement fibrosis
[26].

Cardiac MRI frequently shows late Gadolinium enhancement in the
inferolateral basal wall (fibrosis) [12]. Despite the fact that in most cases
LVH precedes fibrosis, the latter may be the presenting form of cardio-
myopathy in some patients, especially women [27,28].

The patient described presents a preserved GLS although 3 segments
with myocardial strain > —15% but < —12.5 were identified. These
findings suggest an early deterioration of myocardial deformation in the
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absence of significative fibrosis, as confirmed by cardiac MRI.

A very promising tool for the early diagnosis of cardiac involvement
is MRI with T1 mapping. A low native T1 is specific for FD cardiomy-
opathy, being very rare in hypertrophic cardiomyopathies due to sar-
comeric genetic mutations, amyloidosis, and hypertension [29].

In a 5-year longitudinal analysis ERT was shown to reduce LVH and
significantly increase systolic function after 3 years of treatment [14].

4. Conclusions

Diagnosis of FD was made in a 38-year-old patient with the de novo
mutation (c.448delG), whose phenotype was not previously described in
the literature, who is undergoing follow-up. Clinically, vertigo, acrop-
aresthesia, anhidrosis and episodes of postprandial abdominal pain were
observed. Physical examination revealed horizonto-rotatory nystagmus
in both gazes and hearing loss (in pure tone audiometry evaluation), as
well as angiokeratomas at the time of diagnosis. Slit lamp study
demonstrated the presence of cornea verticilata and cardiac images re-
ported LVH, LA dilation, and segmental deterioration of longitudinal
strain, without myocardial fibrosis. Cardiac involvement was decisive
for the initiation of ERT with Agalsidase Alfa. It is to consider that the
absence of a family history of symptoms compatible with FD does not
invalidate the possible diagnosis of this entity in a patient with clinical
suspicion.

The first genotype-phenotype correlation of the mutation
(c.448delG) was made in the literature.
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