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Abstract Fabry disease resulting from a deficiency of o-
galactosidase A leads to the accumulation of globotriao-
sylceramide in various organs. Because the disease is an
X-linked recessive disorder, males tend to develop more
symptoms and more severe symptoms than females. There
are also some variants of Fabry disease, and cardiac variant
(cardiac Fabry disease) has the dysfunctions only in heart.
Cardiac manifestations in Fabry disease are initially sym-
metrical and concentric left ventricular hypertrophy, and
later progressive cardiac dysfunction with localized thin-
ning of the basal posterior wall. In recent years, enzyme
replacement therapy has been performed as a treatment for
Fabry disease, and the initiation of this therapy is expected
before the cardiac fibrosis develops. Therefore, early
diagnosis of Fabry disease is essential, and echocardiog-
raphy is an indispensable tool for clinical practice of this
disease. Then, it is necessary to remember this disease as a
differential diagnosis when encountering unexplained left
ventricular hypertrophy.
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Introduction

Fabry disease, which is a lysosomal storage disease
resulting from a deficiency of a-galactosidase A (a-Gal A),
leads to the accumulation of globotriaosylceramide (Gb3)
in skin, eye, heart, kidney, brain, vascular, and nervous
systems. Clinical symptoms include painful extremities
related to peripheral neuropathy, angiokeratoma, adi-
aphoresis, corneal opacities, auditory disturbance, renal
disease, cerebrovascular disease, cardiac hypertrophy, and
fatal arrhythmia. Because its heredity indicates an X-linked
recessive disorder, males tend to develop more symptoms,
and more severe symptoms, than females.

A cardiac variant of Fabry disease (cardiac Fabry dis-
ease), whose manifestations are limited to the heart, has
been known and patients with this variant type of the dis-
ease have residual a-Gal A activity whereas it is a deficit in
classic Fabry disease [1]. In both cardiac and classic Fabry
diseases classified to secondary cardiomyopathy [2], the
cardiac manifestations are initially cardiac hypertrophy,
but later show progressive cardiac dysfunction with local-
ized thinning of the basal posterior wall.

In recent years, enzyme replacement therapy (ERT) has
been performed as a treatment for Fabry disease [3]. The
initiation of this therapy is expected before the cardiac
fibrosis develops. Therefore, early diagnosis of the disease
is essential, and echocardiography [4] is an indispensable
tool for clinical practice of this disease.

@ Springer


http://orcid.org/0000-0002-2746-3262
http://crossmark.crossref.org/dialog/?doi=10.1007/s12574-017-0340-x&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s12574-017-0340-x&amp;domain=pdf

152

J Echocardiogr (2017) 15:151-157

Epidemiology

Classic Fabry disease is considered to be an extremely rare
disease of 1/40,000 to 1/60,000 men [5]. Due to the activity
of a-Gal A in lysosome decreases, glycosphingolipid
materials progressively accumulate to various organs and
damage them. Fabry disease is inherited in an X-chromo-
some recessive heredity form, then it is a male that usually
develop organ disorders, while the female becomes the
carrier. However, cardiac involvement in Fabry disease
may be seen even in heterozygous females when age
advances [6, 7]. This is different from other X-linked
recessive disorders including hemophilia.

The subtype where the accumulation of glycosphin-
golipid material is seen only in the heart is reported as
cardiac Fabry disease, and it is found in approximately 3%
of patients with left ventricular hypertrophy (LVH) and
may not be a rare disease [1]. Table 1 shows the differ-
ences between classic and cardiac Fabry disease [8].

Clinical manifestations

In classic Fabry disease, a painful sensation in the
extremities usually occurs prior to other symptoms in
childhood or adolescence [5]. Symptoms including adi-
aphoresis and angiokeratoma, corneal opacities (cornea
verticillata), hearing loss, and abdominal pain are seen as
clinical findings in the early stage of classic Fabry disease.
In accordance with the progression, the additional symp-
toms from cardiovascular, renal, and cerebrovascular dis-
orders occur at a later stage.

In cardiac Fabry disease, patients with this variant type
of the disease have residual a-Gal A activity, whereas it is
a deficit in classic Fabry disease. It has been thought that
this is one of the reasons why clinical manifestations of
cardiac Fabry disease develop later than in classic Fabry
disease.

LV diastolic dysfunction and LVH are observed to occur
by around 40 years old. Thereafter, cardiac function
decreases progressively with basal posterior wall thinning.
The atrioventricular (AV) block by the glycosphingolipid
accumulation to AV conducting system and lethal
arrhythmia are also seen in the advanced stage [9].

In females heterozygous for Fabry disease, they should
no longer be considered as asymptomatic carriers [10].
Clinical manifestations in females are similar but more
variable, and show slower progression than males.

Diagnostic approach in Fabry disease

Figure 1 shows the algorithm for the diagnosis of Fabry dis-
ease. The assessment of the o-Gal A enzyme activity is
essential for the diagnosis of Fabry disease, but the enzyme
activity may become moderately decreased or around a
threshold. Additional general evaluations are required
including urinary Gb3 assay, genetic screening, and biopsy for
a definitive diagnosis. Because of the disease characteristics
with X-linked disorder, familial investigation is also impor-
tantif a patient is diagnosed as having Fabry disease. A female
whose father is diagnosed with Fabry disease (hemizygote) is
a carrier (heterozygote) with 100% of probability, and each
male and female can become hemi- and heterozygote with
50% of probability when their mother is a heterozygote.

Histological findings

The pathological evidence of Fabry disease is the accu-
mulation of Gb3 to cells of systematic organs including
skin, nervous systems, kidney, and heart. In cardiac
involvement, accumulation of Gb3 occurs in cardiomy-
ocytes, conduction system cells, valvular fibroblasts,
endothelial cells, and vascular smooth muscle cells [5].
Figure 2 shows microscopic findings of hearts from
patients with cardiac Fabry disease. Sarcoplasmic

Table 1 Differences between
classic and cardiac Fabry

Classic Fabry disease Cardiac Fabry disease

disease. Reproduced from Ref.

. Age of onset
[8] and modified

Age of death
Symptom

Heart

Brain

Kidney

Enzyme activity
Male (hemizygote)
Female (heterozygote)

4-8 >40
>40 >60
Acroparesthesias/angiokeratoma -
Adiaphoresis/corneal opacities

LVH/ischemia LVH
TIA/strokes -

CRF Albuminuria
Deficient Low (1-20%)

Low-normal Low-normal

LVH left ventricular hypertrophy, TIA transient ischemic attack, CRF chronic renal failure
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medical history and family history.

*Patients suspected classic or cardiac Fabry disease by clinical features,

*Patients with unidentified cardiac hypertrophy.

Male

I o - Gal A activity assay ‘

™

moderately
low |
ow

Female

| a - Gal A activity assay ‘

normal low
moderately

severely (20-40%) low
low (20-40
(<10%)
Unaffected by Confirmed Biochemical and/or tissue specific severely
Fabry disease Fabry disease analysis ke
(classical or variant) * plasma Gb3, urinary Gb3 (< 10%)

* biopsy (' skin, kidney, heart )

Genetic analysis
* o-Gal A mutation analysis

>~

Unaffected by Confirmed
Fabry disease Fabry disease
(classical or variant)

Fig. 1 Diagnostic algorithm for Fabry disease. The diagnostic process for Fabry disease is different between males and females

vacuolization of myocardial cells and diffuse fibrosis are
seen in the septal wall, and marked fibrosis with almost no
myocardial cells is seen in thin lesion of the LV posterior
wall [11].

Cardiac morphology and echocardiography
Early stage of Fabry disease

One of the first signs of cardiac involvement in electro-
cardiac findings in Fabry disease is PQ interval shortening
due to shortening of the P-wave duration [12]. Further
abnormalities are PQ- and QRS-interval prolongation,
repolarization abnormalities, and atrio-ventricular block.
High voltage in electrocardiogram is not rare findings in
Fabry disease despite low voltage in cardiac amyloidosis
[13].

Echocardiography is a useful tool for screening, diag-
nosis, and follow-up evaluation in Fabry disease. Particu-
larly in patients with cardiac Fabry disease that usually has
few abnormality except heart, unexplained LVH is a clue
for suspecting this disease [1, 14, 15]. Various LVH pat-
terns are observed in these patients, and severity and

symmetricity of LVH depends on each patient and stage of
the disease ( Fig. 3). The most popular morphological
pattern in Fabry disease is concentric LVH, but concentric
remodeling, asymmetric septal hypertrophy, eccentric or
normal pattern are also observed occasionally [16]. In
addition, a patient who has LV outflow tract obstruction
mimicking hypertrophic obstructive cardiomyopathy is
rarely seen [17].

There is a report indicating the usefulness of the specific
“binary appearance” which is the endocardial doubled
brightness by the composure of the glycosphingolipid [18].
However, recent study demonstrated the difficulty of the
differentiation by using this finding [19, 20]. They reported
that the binary endocardial appearance lacks sufficient
sensitivity and specificity for echocardiographic screening
tool in Fabry disease by comparing with hypertrophic
cardiomyopathy.

Fabry disease causes cardiac dysfunction before LVH
develops, and tissue Doppler imaging is useful for evalu-
ating it [21]. Furthermore, the strain and strain-rate analysis
by speckle tracking methods can identify the cardiac dys-
function by Fabry disease more accurately compared to
other methods [22].
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Fig. 2 Cardiac histology in
Fabry disease. Hematoxylin and
eosin dyeing (x100):
Sarcoplasmic vacuolization of
myocardial cells and diffuse
fibrosis are seen in the septal
wall, and marked fibrosis with
almost no myocardial cells is
seen in thin lesion of the LV
posterior wall. Toluidine—blue
dyeing (x400): accumulation of
strongly osmiophilic substance
(Gb3) is observed in myocardial
cells [11]

Fig. 3 Cases of Fabry disease
(early to middle stage). Left
ventricles show mild to
moderate concentric left
ventricular hypertrophy (LVH).
The severity and symmetricity
of hypertrophy depend on cases
and stages of Fabry disease.
Case 1 A 27-year-old male with
mild and symmetrical LVH.
Case 2 A 44-year-old male,
severe and symmetrical LVH.
Case 3 A 52-year-old male with
moderate and asymmetrical
LVH
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Fig. 4 Case with Fabry disease
(advanced stage). These show

long- and short-axis views in a
patient with advanced stage of

Fabry disease. When a stage of
Fabry disease advances, the left
ventricles are enlarged and wall
motion diffusely decreases with
posterior wall thinning (arrows)
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Fig. 5 Asymmetrical LV wall thinning precedes heart failure and
cardiac death in patients with Fabry disease. Kaplan—Meier curves
showing that ventricular septum/posterior wall thickness ratio (VSth/
PWth) >1.3 significantly preceded NYHA class III CHF (a) and

Progression of myocardium fibrosis of Fabry disease
also has differences between genders. In male patients,
myocardial fibrosis occurs after LVH develops. On the
other hand, the occurrence of myocardial fibrosis in
females is delayed by approximately 10 years compared to
males, but does not necessarily require myocardial hyper-
trophy [23].

Left atrium in Fabry disease expands and decreases its
compliance prior to showing LVH. This suggests the

End-systole

106
80 Cardiacdeath

) (p<0.05)

40 /

20

Event-freerate (%) ®

(=]

55 60 65 70 75 80 85
age (years)

cardiac death (b) in patients with cardiac Fabry disease. VS
ventricular septal wall thickness, PW posterior wall thickness, NYHA
New York Heart Association, CHF chronic heart failure. Reproduced
from Ref. [25] and modified

possibility of the direct influence on atrium by Fabry dis-
ease [24]. Valvular thickening has also been reported, but
most lesions are mild and do not need specific cardiac
surgery [25]. Right ventricular (RV) involvement in Fabry
disease is observed with thickened RV and a decrease of
longitudinal strain rate in RV free wall [26], although the
changes are milder than LV. This may be due to the dif-
ferences in the degree of glycosphingolipid accumulation
by each segment of heart [11].
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Advanced stage in Fabry disease

When a stage of Fabry disease progresses, the voltage of
the QRS wave in the electrocardiogram decreases and the
intervals of PR and QRS are prolonged. LV enlargement
and diffuse hypokinesia with posterior wall thinning,
mimicking dilated phase of hypertrophic cardiomyopathy,
is known as typical cardiac morphology in an advanced
stage of the disease (Fig. 4).

In cardiac Fabry disease, the severity of cardiac dys-
function determines their prognosis though various factors
that affect their prognosis in classic Fabry disease. Our
laboratory reported that LV posterior wall thinning is an
important echocardiographic finding that precedes heart
failure and cardiac death in patients with Fabry disease
(Fig. 5) [27].

The role of echocardiography in the era of ERT

ERT in Fabry disease improves cardiac function and
morphology [28-30]. Earlier initiation of ERT is desirable
before irreversible cardiac changes such as fibrosis devel-
ops. Then, echocardiography has an important role in the
early detection of this disease and is also useful for the
curative effect judgment.

Conclusions

In clinical practice of the secondary cardiomyopathy such as
Fabry disease, echocardiographic examination has important
roles in screening, diagnosis, and evaluation of cardiac
function or hemodynamics. Since ERT is usually performed
as a fundamental treatment for Fabry disease, an earlier
checkup is desirable to treat it. Furthermore, a diagnosis of
one patient with the disease may lead to diagnose other
familial involvements. Fabry disease should be thought of as
a differential diagnosis if you see unidentified LVH.
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