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myocardial ischemia, and heart failure. Although FD is a
rare condition in the general population, the availability of
specific enzyme replacement therapy, which can alter the
natural course of the disease, underscores the importance
of including FD as a key differential diagnosis among
storage cardiomyopathies. Diagnostic evaluation should
encompass a thorough clinical assessment, with particular
attention to patient history and physical examination,
complemented by laboratory testing and imaging studies,
such as electrocardiography and echocardiography.
Cardiac magnetic resonance imaging, including late
gadolinium enhancement and T1 and T2 parametric
mapping, provides additional diagnostic and prognostic
information and should ideally be performed at the time
of initial diagnosis. Definitive diagnosis is established by
genetic sequencing of the GLA gene, located on the long
arm of the X chromosome, enabling the selection of the
most appropriate therapeutic strategy for each patient.

Introduction

Fabry disease (FD; OMIM 301500) is a rare, X-linked
lysosomal storage disorder. Pathogenic variants in the GLA
gene, located on the long arm of the X chromosome, lead to
a deficiency of the enzyme alpha-galactosidase A (a-Gal A),
which is responsible for the catabolism of glycosphingolipids,
such as globotriaosylceramide (GB3) and its deacetylated
form, Lyso-GB3, within lysosomes. The accumulation of
these substrates begins in the intrauterine period and triggers
an intense tissue inflammatory response, coupled with
local oxidative stress. This cascade promotes cellular injury,
apoptosis, and, progressively, organ dysfunction and failure."

Cardiovascular involvement, which can mimic hypertrophic
cardiomyopathy (phenocopy), is the leading cause of
morbidity and mortality among Brazilian patients, primarily
due to the development of arrhythmias, myocardial ischemia,
and heart failure.? Despite its low prevalence in the general
population, the availability of disease-specific enzyme
replacement therapy, capable of modifying the disease course,
highlights FD as a key differential diagnosis among storage
cardiomyopathies.

The diagnostic approach to FD-associated cardiomyopathy
should include a comprehensive clinical evaluation,
encompassing a detailed medical history and physical
examination, as well as accessible laboratory and imaging
studies, such as electrocardiography and echocardiography.
Cardiac magnetic resonance imaging provides additional
diagnostic and prognostic insights and should preferably be
performed during the initial diagnostic workup. Definitive
diagnosis is established through genetic sequencing of the GLA
gene, which also guides the selection of the most appropriate
therapeutic strategy for each patient.’

My approach to

Diagnosing a rare cardiomyopathy poses a significant
challenge for cardiologists, particularly when dealing with
phenocopies. The estimated prevalence of FD in the
general population is approximately 1 in 117,000 cases.*
However, this figure may reach as high as 1 in 3,100 when
considering neonatal screening, a strategy that has been
progressively incorporated into the Brazilian public health
care system, as already implemented in certain regions,
such as the Distrito Federal.®
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Figure 1 - Multisystemic manifestations of FD.
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The low prevalence of FD in the general population
highlights two key considerations. First, it emphasizes the
importance of including FD in the differential diagnosis of
cardiomyopathies, given the availability of specific treatment
through enzyme replacement therapy, which has been
recently incorporated into Brazil’s Unified Health System
(Sistema Unico de Satde, SUS). This therapy has the potential
to positively alter the natural history of the disease and
improve patients’ symptom-free survival. Second, it reinforces
the need to thoroughly identify and manage more prevalent
conditions — such as systemic hypertension, valvular heart
disease, and, in the Brazilian context, rheumatic heart
disease — before considering FD as the underlying cause of
the presenting symptoms.

The diagnostic workup for FD should begin with a
thorough clinical history. Figure 1 outlines the key elements
that may raise clinical suspicion of FD. Patient age and sex
should also be considered, as the clinical expression of the
disease varies depending on the type of pathogenic variant
identified in the GLA gene.

In the classic form of FD, cardiovascular manifestations
— such as palpitations and exercise intolerance — may
appear as early as childhood. These symptoms are often
accompanied by other early manifestations, including
characteristic neuropathic pain (Fabry crises) triggered by
exposure to extreme temperatures, hypohidrosis or anhidrosis
with impaired thermoregulation, gastrointestinal disturbances
with alternating constipation and diarrhea, tinnitus or hearing
loss, as well as cornea verticillata and angiokeratomas typically
located in the pelvic region and/or mucosal surfaces.®

In contrast, in the nonclassic form of FD, also referred
to as late-onset FD, these early systemic manifestations
are often absent, with clinical presentation predominantly
characterized by cardiac or renal involvement. These may
occasionally be associated with central nervous system
ischemic events, such as strokes occurring at relatively
young ages.’

A careful assessment of the patient’s personal history of
symptoms and prior disorders is also essential, as is gathering
information on first-degree relatives. Commonly reported
symptoms include exertional chest pain, palpitations,
exercise intolerance, orthostatic hypotension, and/or
syncope, which may be associated with renal dysfunction,
ischemic neurological events, or polyneuropathy. Family
history should include targeted questions regarding known
cases of FD, cardiomyopathies, strokes, sudden cardiac
death, and/or renal failure requiring dialysis.® Based on
these data, it is advisable to construct a family pedigree,
ideally encompassing at least three generations, in order
to identify the familial inheritance pattern, which in the
case of FD is X-linked.?

Once the clinical data have been collected,
electrocardiography is the first ancillary tool available in
the evaluation of FD-associated cardiomyopathy. The most
frequent electrocardiographic findings are summarized in
Table 1. Although PR interval shortening combined with
signs of left ventricular overload is not specific to FD,
its presence may suggest glycosphingolipid deposition
in cardiac tissues. These findings can aid in differential
diagnosis with other cardiomyopathies presenting

Table 1 - Findings of FD-associated cardiomyopathy on ancillary tests

Clinical evaluation

Electrocardiogram

Echocardiogram

Cardiac magnetic
resonance imaging

Clinical complaints from the index case and family members

Detailed physical examination

Short PR interval

Arrhythmias of undefined origin (tachyarrhythmia/bradyarrhythmia)

Left ventricular overload pattern

Repolarization abnormalities suggestive of myocardial ischemia
Corrected QT interval <440 ms

Increased left ventricular wall thickness >12 mm

Papillary muscle hypertrophy

Diastolic dysfunction (early) and left ventricular systolic dysfunction (late)
Regional wall motion abnormalities (basal inferolateral wall)

Reduced longitudinal and radial strain (basal inferolateral wall)
Mid-myocardial late gadolinium enhancement in the basal inferolateral wall
Low native T1 mapping values

Valores elevados no mapa T2
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with a hypertrophic phenotype, such as sarcomeric
cardiomyopathy or cardiac amyloidosis.

Early conduction abnormalities may be detected as early
as childhood; however, they typically become clinically
apparent during adolescence, manifesting as palpitations
or exercise intolerance. Additional findings include
corrected QT interval abnormalities, electrocardiographic
signs suggestive of myocardial ischemia secondary to
microvascular dysfunction (MINOCA), as well as ventricular
or supraventricular arrhythmias, the latter carrying a
potential risk of adverse outcomes, such as embolic events
or sudden cardiac death at a young age.'*"

More advanced diagnostic tools are required for
phenotypic characterization of the disease, contributing to
the definition of the therapeutic strategy and the planning
of long-term follow-up. In this context, echocardiography
stands out as a widely accessible, low-cost, easy-to-perform
imaging modality. The most common echocardiographic
findings are presented in Table 1.

The earliest sign of cardiac involvement is diastolic
dysfunction, which cannot be attributed to pressure or
volume overload, nor to conditions such as systemic
hypertension, valvular heart disease, or diabetes mellitus.
Another characteristic finding is increased left ventricular
wall thickness, with lower cutoff values than those
established for sarcomeric hypertrophic cardiomyopathy:
=11 mm in women and =12 mm in men. This distinction is
justified by the fact that, in storage diseases, wall thickness
equal to or greater than 15 mm is often associated with
myocardial fibrosis, which serves as an arrhythmogenic
substrate and a marker of poor prognosis.

Concentric hypertrophy is the most common
presentation; however, eccentric or isolated apical
patterns have also been described. Glycosphingolipid
deposits also affect the chordae tendineae and papillary
muscles, leading to significant thickening, as well as the
endocardium, resulting in the so-called “binary sign.”
Biventricular ejection fraction tends to remain preserved
throughout the natural course of the disease, except in the
presence of myocardial fibrosis, which increases the risk
of progressive systolic dysfunction.

Emerging techniques, such as global longitudinal strain
(GLS) analysis, provide additional valuable information for
the differential diagnosis with other causes of hypertrophy
and with the athlete’s heart. GLS reduction, particularly due
to impaired strain in the basal segment of the inferolateral
wall, is strongly correlated with the presence of myocardial
fibrosis detected by cardiac magnetic resonance imaging.
Moreover, mild valvular regurgitation — especially of the
mitral and aortic valves — as well as proximal thoracic
aortic ectasia, are additional echocardiographic findings
commonly observed in FD with cardiac involvement.'?"?

Cardiac magnetic resonance imaging is considered
the gold standard for the diagnosis of FD-associated
cardiomyopathy, given the comprehensive diagnostic
and prognostic information it provides. Late gadolinium
enhancement, typically located in the mid-myocardial layer
of the basal inferolateral wall, has significant prognostic

value due to its association with an increased risk of heart
failure and arrhythmia, as well as serving as a marker of
chronic cardiac involvement.™

Native T1 parametric mapping typically shows
characteristically reduced values in FD, which may be
altered even before the development of ventricular
hypertrophy. The only other condition that shares
this pattern of reduced T1 values is cardiac-involved
hemochromatosis, which can be differentiated through
serum iron metabolism markers and liver ultrasound.
Conversely, T2 mapping in FD reveals characteristically
elevated values, contributing — together with T1 mapping
— to the early diagnosis of cardiomyopathy as well as
aiding in the differential diagnosis with other etiologies of
cardiomyopathy.''¢

Cardiac biomarkers, such as high-sensitivity troponin
and NT-proBNP, are elevated in the presence of FD-
associated cardiomyopathy. Lyso-GB3 is considered the
most specific biomarker for the disease, with markedly
elevated plasma levels, particularly in the classic form.
Following the initiation of enzyme replacement therapy,
a reduction in Lyso-GB3 levels is observed, making it a
useful marker for monitoring therapeutic effectiveness. In
contrast, GB3 levels in plasma and urine are not routinely
assessed in clinical practice, especially in women, as they
may present altered levels even in individuals without the
disease, thus limiting their diagnostic utility."”'®

Definitive diagnosis of FD is established by identifying a
pathogenic variant in the GLA gene through genetic testing.
As illustrated in Central Illustration, in male individuals,
genetic testing may be preceded by measurement of
enzymatic activity, which typically shows markedly low
levels in this population. In females, however, due to the
presence of two X chromosomes, enzymatic activity may
be normal or only slightly reduced, limiting its diagnostic
utility. Moreover, to confirm the diagnosis, at least one of
the following criteria must be present: signs or symptoms
suggestive of FD (e.g., neuropathic pain, cornea verticillata,
or angiokeratomas); elevated plasma Lyso-GB3 levels; or
a family history of FD confirmed by the same pathogenic
variant.'92

This diagnostic pathway is crucial for the appropriate
therapeutic management of patients with FD-associated
cardiomyopathy, especially considering the recent approval
by the Brazilian National Committee for the Incorporation
of Technologies into the Unified Health System of specific
therapies capable of modifying the prognosis and natural
course of the disease. Enzyme replacement therapies are
currently available through the SUS high-cost pharmacy
network nationwide. Therefore, it is the cardiologist’s
responsibility to actively ensure early access to the most
appropriate and available treatment for these patients.
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