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Introduction
Fabry disease (FD) is caused by a recessive, X-linked 
genetic defect, which leads to a deficit in the activity of 
a lysosomal enzyme, α-galactosidase A [1]. As a result 
of this deficiency, glycosphingolipids, mainly globotriao-
sylceramide (Gb3), accumulate in lysosomes of various 
organs and systems. Due to this massive tissue build-up, 
many patients die between the fourth and fifth decades 
of life due to renal, cardiac or cerebrovascular compli-
cations. Currently, the most frequent cause of death in 
patients with FD is of cardiac origin, due to heart failure 
or sudden death [2–4].
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Abstract
Background and aims Fabry disease (FD) is an X-linked genetic lysosomal disease, in which a deficit in the alpha-
galactosidase A enzyme results in lysosomal build-up of globotriaosylceramide in several organs, causing cardiac, 
renal and cerebrovascular complications. The aim of this study was to assess the prevalence of papillary muscle 
hypertrophy (PMH) in patients with FD.

Methods A group of 63 patients with FD and a positive genetic diagnosis were studied and were divided into two 
groups: one included 24 patients with FD and LVH and another group included 39 patients with FD and without 
LVH. Papillary muscles were measured from the left parasternal short axis view, defining PMH as a diastolic thickness 
greater than 11 mm in any diameter.

Results Patients with FD and LVH had a high prevalence of anterolateral PMH (66.6%), and such prevalence was 
lower for the posteromedial PMH (33.3%). However, patients who had not yet developed LVH had a high prevalence 
of anterolateral PMH (33.3%).

Conclusions Patients with FD in the pre-clinical stage (without LVH) have a high prevalence of PMH, especially 
involving the anterolateral papillary muscle. This finding could be an early marker for the development of LVH, 
allowing to suspect the disease during its early stages, and begin enzyme replacement therapy in the appropriate 
patients.
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Regarding its prevalence, FD is the 2nd most frequent 
storage disorder (1 case per 40.000 males), after Gau-
cher’s disease. Cardiac involvement occurs frequently in 
FD, and occasionally the heart is the only affected organ. 
The characteristic phenotype is symmetric left ventricu-
lar hypertrophy (LVH), that may mimic hypertrophic 
symmetric non-obstructive cardiomyopathy (HCM) [5, 
6].The presence of a dynamic subaortic gradient supports 
the diagnosis of hypertrophic cardiomyopathy and would 
allow to rule out FD.

According to the European Registry of Cardiomy-
opathies [7] and the Argentine Consensus on CMP [8], 
amyloidosis is the most frequent phenocopy, followed 
by FD, hence, the differential diagnosis is very important 
in order to prescribe a specific treatment. Interest about 
the diagnosis of FD has grown since 2002, when enzyme 
replacement therapy (ERT) became available. When ERT 
is administered early, partial remission of the disease may 
occur and long-term complications are prevented, espe-
cially reducing or delaying the progression of LVH [9].

Since the clinical presentation is variable, it is difficult 
to make an early diagnosis and the mean diagnostic delay 
is 15 to 20 years after the beginning of symptoms.

In patients with FD, a targeted history taking, physi-
cal exam, laboratory workup to assess enzyme levels, and 
genetic testing are the main pillars for the differential 
diagnosis of the disease.

Symptoms of FD reflect the various organs affected 
(acroparesthesias, angiokeratomas, hypohydrosis, pro-
teinuria that may progress to chronic renal failure, gas-
trointestinal symptoms, transient ischemic accident or 
stroke). However, in spite of early multisystemic mani-
festations, the diagnosis is currently made late and many 
cases are still diagnosed as non-obstructive HCM.

Hence, a high level of suspicion is required for the 
diagnosis of FD, especially in patients with a normal 2-D 
echocardiogram.

The goal of this study was to demonstrate that FD can 
be suspected in patients with papillary muscle hypertro-
phy and an otherwise normal 2-D echocardiogram.

That would allow to detect early cardiac involvement in 
patients with FD without LVH, and decide whether they 
require enzyme replacement therapy to prevent irrevers-
ible damage to the heart, kidney and brain.

Objective
To assess the prevalence of papillary muscle hypertrophy 
in FD.

Materials and methods
This was a single-center, cross-sectional study, which 
assessed the presence of papillary muscle hypertrophy 
(PMH) in patients with FD, with and without LVH.

Thirty-nine patients with a diagnosis of FD without 
LVH and 24 patients with FD and LVH were included.

Inclusion criteria
Patients included had an enzymatic and genetic diagnosis 
of FD, and were aged 18 years or older, with or without 
LVH. Their α-galactosidase A levels had to be reduced or 
absent, and a chromosome X-linked mutation was pres-
ent (locus Xq 22.1).

The normal value of α-galactosidase A enzymatic activ-
ity is greater than 5 µmol/l/hour. An α-galactosidase A 
level below 1 µmol /l/hour was required for the diagnosis 
of FD.

The normal value of α-galactosidase A in periph-
eral blood leukocytes, measured with the fluorometric 
method, is 395 to 780 nmol/mg/hour. A value below 80 
nmol/mg/h was required for the diagnosis of FD.

Exclusion criteria
Exclusion criteria were a history of coronary, valvular or 
pericardial disease, congenital heart disease, hyperten-
sion, diabetes mellitus, anemia, asthma, chronic obstruc-
tive pulmonary disease, thyroid dysfunction, renal failure, 
pregnancy, alcoholism, patients younger than 18 years 
old, and patients with a poor ultrasound window.

The study was approved by the Research and Ethics 
Committee of the Hospital “Dr. Cosme Argerich”. Writ-
ten consent for submission and publication of this study, 
including images and associated text, has been obtained 
from the patient in line with COPE guidance.

2-D Echocardiography
The 2-D echocardiogram was performed with a Vivid 7 
machine (General Electric Medical Systems) and a 1.5 to 
4 MHz transducer.

Left parasternal (long and short axes) as well as apical 
2-, 3- and 4-chamber views were obtained. Two-D and 
M-mode images were obtained from the left paraster-
nal short axis view at the papillary muscle level, and the 
following measurements were made according to the 
American and European Societies of Echocardiography: 
end-diastolic LV diameter (LVEDD), end-systolic LV 
diameter (LVESD), diastolic thicknesses of the ventricu-
lar septum and LV posterior wall, right ventricular and 
left atrial (LA) diameters [10, 11].

Both diameters of each papillary muscle were mea-
sured at the end diastole in the left parasternal short axis 
view. Hypertrophy of the papillary muscles was diag-
nosed when the horizontal or vertical diameters mea-
sured more than 11 mm (Figs. 1 and 2) [12].

Reproducibility
To assess interobserver variability, two independent 
investigators performed a 2-D echocardiogram with the 
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appropriate measurements in 10 patients included in the 
study, in a period < 24 h to avoid differences attributable 
to variations in hemodynamic status.

Subsequently, after a 24-hour interval, one of the 
investigators re-analyzed the echocardiographic param-
eters in the images obtained, to assess the intraobserver 
variability.

Statistical analysis
Quantitative data with a normal distribution were 
expressed as means ± standard deviation and data with 
non-gaussian distribution were expressed as medians and 
inter-quartile intervals. The Student t test for paired data 

was used to compare quantitative variables with a normal 
distribution, and for variables with a non-normal distri-
bution we used the Wilcoxon Signed Rank Test. Statisti-
cal analyses were performed with Statistix 7.0. software 
and a p value < 0.05 was considered significant.

Results
We included 66 patients with an enzymatic and genetic 
diagnosis of FD. Among them, 3 patients were excluded 
due to a poor ultrasound window.

The final study population comprised a total of 63 
patients, 24 patients with FD and LVH, and 39 patients 
with FD without LVH. As shown in Table  1, the group 
with FD and LVH was older and had a higher prevalence 
of male sex (p < 0.05).

Regarding conventional echocardiographic measure-
ments, the group with LVH had greater wall thickness, 
LV mass and LA size (p < 0.05). Although LVDD was nor-
mal in both groups, patients with LVH had a larger diam-
eter (p < 0.05). No significant difference was seen in RV 
dimension, SF, or LVEF.

Patients with FD and LVH had a higher prevalence of 
anterolateral PMH (66.6%; p = 0.02) and to a lesser extent 
posteromedial PMH (33.3%; p = 0.001). However, the 
group of patients who had not yet developed LVH exhib-
ited a high prevalence of anterolateral PMH (33.3%). 
Table 1; Fig. 3.

Discussion
In FD the catabolism of glycosphingolipids (Gb3) is altered, 
due to a deficit of the alpha-galactosidase A enzyme, result-
ing in systemic buildup of lysosomal Gb3 [13].

Phenotypes of FD vary, from the “classic” form which 
begins early during childhood and affects multiple 

Fig. 2 Diagram showing measurements of the horizontal and vertical di-
ameters of both papillary muscles, obtained from the left parasternal short 
axis at end-diastole. PMPM = posteromedial papillary muscle; ALPM = an-
terolateral papillary muscle. Left ventricular shortening fraction (SF) was 
estimated using the following formula: [(LVDD − LVSD) / LVDD] × 100. 
The LV mass index (LVMI) was calculated using the Devereux formula: 0.8 
*([LVDD + VSD + PWD)3 – LVDDI 3] x 1.04) + 0.6/ Body surface

 

Fig. 1 Patient with Fabry disease without left ventricular hypertrophy. Two-dimensional Echocardiogram. Left parasternal short axis at end-diastole. Left 
panel: shows normal posteromedial and anterolateral papillary muscles. Right panel: shows hypertrophy of the anterolateral papillary muscle, without 
left ventricular hypertrophy
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organs, to the late form, where the heart is predomi-
nantly affected [14].

Accumulation of Gb3 in cardiomyocytes, the conduction 
system, vascular endothelium and fibroblasts leads to cel-
lular and vascular dysfunction, causing cardiac manifesta-
tions. These include ventricular hypertrophy, progressive 
diastolic and systolic LV dysfunction, bradyarrhythmias and 
tachyarrhythmias, microvascular ischemia and mild valve 
dysfunction [14, 15].

Skeletal muscle abnormality is frequently documented 
among individuals diagnosed with FD. Muscular symptoms 
stand out as a primary manifestation of FD, emerging before 
the onset of both cardiomyopathy and chronic kidney dys-
function. It remains uncertain whether this stems from the 
same cardiac dysfunction or from direct muscular involve-
ment. In younger patients, muscle myocytes are usually 
unaffected, while blood vessels show the presence of mild 
glycosphingolipid accumulation in endothelial and smooth 
muscle cells. On the other hand, in older patients, signs of 
myopathy are detected in electromyography, along with an 
increase in left ventricular mass [16].

Recently, a high glycolytic rate and underutilization of 
lipids as an energy fuel have been observed in FD patients. 
In the pursuit of a potential mechanism, an upregulation of 
HIF-1 (hypoxia-inducible factor-1) has been identified in 
both mice and FD patients, leading to a reversal of cellular 
metabolic remodeling, revealing a Warburg effect. Blood 
lactate has surfaced as a potent biosensor of this metabolic 
disruption, introducing a novel prospect as a diagnostic and 
monitoring tool [17].

Left ventricular hypertrophy is a maladaptive and non-
specific cardiac response to a great variety of stimuli in 
many cardiac and systemic disorders [18] It is a key find-
ing in FD and is reported in up to 50% of affected men 
and one third of women [19, 20].

The mild to moderate impairment in diastolic filling 
is a relatively common finding, and probably represents 
the most important cause of dyspnea in patients with FD. 
Valve structural abnormalities are frequent due to valve 
infiltration [21].

The LVH is usually concentric, without LV outflow tract 
obstruction. However, in severe cases an asymmetric variant 

Table 1 Baseline Demographic Characteristics and 
Echocardiographic Parameters in Patients with FD, with and 
without LVH

FD with 
LVH
(n = 24)

FD with-
out LVH
(n = 39)

p

Age (years) 45 ± 15 25 ± 9 < 0.05

Male Sex (%) 14 (58%) 9 (23%) < 0.05

Right Ventricle (mm) 16.3 ± 6 18.5 ± 3 NS

LVDD (mm) 52.1 ± 8 45.8 ± 5 < 0.05

SF (%) 41 ± 15 45 ± 8 NS

EF (%) 69 ± 19 73 ± 7 NS

Ventricular Septum (mm) 19 ± 3 8.5 ± 0.8 < 0.05

Posterior wall (mm) 14 ± 2 6.2 ± 0.8 < 0.05

LVMI (g/m2) 293 ± 61 75 ± 12 < 0.05

LA (mm) 44.9 ± 6 31.5 ± 5 < 0.05

Anterolateral Papillary Muscle 
Hypertrophy (%)

16 (66.6) 13 (33.3) 0.02

Posteromedial Papillary Muscle 
Hypertrophy (%)

8 (33.3) 1 (2.56) 0.001

Note: Values are expressed as number and % of patients, or as mean ± standard 
deviation. FD = Fabry disease; LVH = left ventricular hypertrophy; NS = non-
significant; LVDD = left ventricular diastolic diameter; SF = shortening fraction; 
EF = ejection fraction; LVMI = left ventricular mass index; LA = left atrium

Fig. 3 Prevalence of Papillary Muscle Hypertrophy in Fabry Disease. PMH = Papillary Muscle Hypertrophy, LVH = Left Ventricular Hypertrophy, ALPMH = An-
terolateral Papillary Muscle Hypertrophy, PMPMH = Posteromedial Papillary Muscle Hypertrophy
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may be found, with septal thickening and fibrotic thinning 
of the posterior wall, characteristics that are unique to FD 
[21] Right ventricular (RV) hypertrophy is also common 
and may progress to ventricular dilation [14].

Several review papers and case reports on FD have 
shown that patients with Fabry cardiomyopathy have a high 
prevalence of PMH [18, 21, 22]. This finding could hence 
be useful to distinguish cardiomyopathy due to FD from 
hypertrophic cardiomyopathy. Our study confirms that in 
advanced stages of FD (Fabry cardiomyopathy) there is high 
prevalence of PMH. Additionally, our study detected that in 
patients with FD without LVH there is also high prevalence 
of anterolateral PMH, therefore that finding could be used 
as an early marker for the diagnosis of FD.

Other cardiac diseases that cause LVH also result in 
PMH. For example, in hypertensive cardiac disease, 
stress leads to an increase in wall thickness, which may 
be accompanied by an increased size of the PM during 
the last stage of the disease, albeit not as marked as in FD. 
Friedreich’s ataxia is a mitochondrial disorder that causes 
LVH. However, wall thickness rarely exceeds 14 mm and 
therefore, PM size does not increase as much. In cardiac 
amyloidosis LVH is also relatively frequent, although the 
PM do no exhibit similar degrees of hypertrophy [9].

Only in FD cardiomyopathy LVH and PMH are seen 
associated with a relatively small LV cavity, resulting in 
an absolute and relative increase in PM size. 9].

Two-D strain allows detection of early abnormalities in 
FD without myocardial hypertrophy, when the longitudinal 
strain of the LV is ≥-15% in at least one segment. Possibly 
in FD, beyond the lysosomal storage of glycosphingolip-
ids or the abnormal synthesis of sarcomeric proteins, there 
is interference in sarcomeric contraction and relaxation, 
resulting in a decrease in longitudinal myocardial strain [22, 
23]. Left atrial strain is also decreased in FD, hence, adding 
left atrial strain to an echocardiogram with LVH of unclear 
etiology may be useful to identify FD as a potential cause 
[24].

Currently, cardiac magnetic resonance (CMR) with tissue 
characterization and T1 and T2 mapping techniques, con-
tributes to the diagnosis and suspicion of FD [25]. Also, the 
level of image resolution required for an accurate measure-
ment of LV mass and PM can only be achieved with CMR 
[26].

The accumulation of sphingolipids at the myocardial level 
can be detected using native T1 mapping. Typically, the low 
native T1 value precedes the development of the classic sign 
of LVH, making it a considered early marker of the disease. 
Myocardial native T1 captures signals from both myocytes 
(with sphingolipids) and intramyocardial blood. Blood has a 
longer and more variable T1 value, and the contaminating 
signal acts as noise, diminishing the precision and accuracy 
of myocardial T1 measurement for sphingolipid accumula-
tion in myocytes. However, blood’s T1 can be independently 

measured in the cardiac blood pool, allowing for a correc-
tion strategy. This blood-based correction of native myo-
cardial T1 has been observed to increase the proportion 
of subjects with FD who exhibit a low myocardial T1 value 
[27].

However, echocardiography is a simple and widely 
available method for the assessment of ventricular geom-
etry and specific myocardial structures, used as diagnos-
tic markers for several cardiac diseases [9].

Nowadays, echocardiography and CMR are complemen-
tary examinations that aid in the diagnosis and monitoring 
of Fabry disease treatment. This includes identifying the 
specific cardiac phenotype of FD, distinguishing it from 
other types of left ventricular hypertrophy (LVH), and 
selecting suitable patients for therapeutic interventions. 
Advances in cardiac imaging hold the promise of identify-
ing Fabry disease-related abnormalities in their early stages, 
thereby facilitating early prognostic characterization [28].

The presence of PMH in patients without LVH could 
allow to suspect the disease in its early stages, and early 
treatment could allow for partial remission of the disease 
and prevention of its long-term complications.

Limitations
Although 2-D echocardiography is the standard diagnos-
tic tool in daily cardiology practice, papillary muscles are 
three-dimensional structures that may not be completely 
evaluated with a two-dimensional method, and that is a lim-
itation of the method.

Since the study was conducted at a single center, the 
results might not be representative of the genetic and ethnic 
diversity of other populations.

We acknowledge that the number of patients in our study 
is small, which might limit the generalizability of the results 
to a larger population. FD is an infrequent disorder, with an 
incidence of 1/40.000 men. Thus, our study population rep-
resents 11.6% of the estimated number of patients with FD 
in our country. A larger sample size could provide a more 
comprehensive picture of the prevalence of PMH in FD 
patients.

The study design is cross-sectional, preventing the estab-
lishment of causal relationships between the presence of 
PMH and the disease’s progression over time. A longitudi-
nal study could offer deeper insights into this association.

Included patients had a positive genetic diagnosis of FD. 
This might introduce selection bias, as patients with more 
severe forms of the disease could be more likely to undergo 
genetic testing and thus be overrepresented in the sample.

Conclusions
Patients with FD in the preclinical stage (without LVH) 
have a high prevalence of PMH, especially the anterolat-
eral PM, and that could be a predictor for the develop-
ment of LVH.
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These findings could provide useful information 
regarding the pathophysiology of cardiac involvement in 
FD and help understand whether early enzyme replace-
ment therapy might be useful in modifying the clinical 
course and prognosis of patients with this disease.
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