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Abstract: Background/objectives: Anderson-Fabry disease (FD) is a rare hereditary dis-
order caused by deficient alpha-galactosidase A activity, which leads to multisystemic
complications, including significant cardiac involvement. In this case report, we describe
two siblings with distinct cardiac manifestations of FD. Methods: The medical data of two
siblings who were managed and treated at a tertiary hospital center in Croatia were ob-
tained by detailed analysis of electronic medical records. All available data were structured
in chronological order. Results: A 42-year-old male with chronic renal failure and severe
left ventricular hypertrophy (LVH) was diagnosed with FD during testing for inclusion
on the kidney transplant waiting list. The diagnosis was confirmed by cardiac magnetic
resonance imaging (CMR), which revealed non-ischemic fibrosis typical of FD. Following
enzyme replacement therapy (ERT), he underwent a successful kidney transplantation.
The second case describes the 36-year-old brother, who was diagnosed through family
screening and, despite normal initial cardiac ultrasound findings, exhibited early cardiac
involvement through reduced T1-mapping values. Immediate initiation of ERT led to
normalization of T1 values and successful renal transplantation. Conclusions: This report
underscores the importance of family screening and early diagnosis in FD and highlights
the role of CMR in detecting preclinical cardiac involvement.

Keywords: Anderson-Fabry disease; cardiac magnetic resonance imaging; T1-mapping

1. Introduction

Anderson-Fabry disease (FD) is a rare, multisystemic X-linked lysosomal storage
disorder caused by altered activity of the lysosomal enzyme alpha-galactosidase A (xGalA),
which leads to the accumulation of pathological substrate in lysosomes. The resulting
cellular dysfunction triggers a cascade that includes inflammation, oxidative stress, cellular
death, small vessel injury, tissue ischemia, and the development of cardiac and renal
fibrosis [1,2]. FD can be reliably diagnosed in most males by deficient or absent xGALA
activity in the plasma or peripheral leukocytes, whereas in most females, molecular testing
should be performed to detect the respective gene mutation, as heterozygous patients
might have regular xGALA enzyme activity [3]. The multisystemic and non-specific nature
of FD symptoms and medical professionals” lack of awareness can lead to significant delays
in diagnosis. Screening of high-risk populations, such as patients with chronic kidney
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disease (CKD) or suspected newborns, along with their family members, facilitates the
timely identification of patients in the early stages of FD and thus enables the immediate
initiation of treatment [4].

The incidence of FD is challenging to determine due to underdiagnosis in clinical practice
and/or overestimation in screening programs and is reported to be 1:40,000-117,000 [2-5].
Most patients with FD present with renal insufficiency with progressive glomerulosclerosis
and proteinuria that does not respond to enzyme replacement therapy [6]. The most common
initial symptoms of FD are neurological—neuropathic pain is the most common clinical
complaint in patients with FD. These initial symptoms may already occur during childhood.

Although FD is a multi-systemic disease, it can be primarily considered a cardiac
condjition in terms of mortality, with most fatalities classified as ‘sudden cardiac death’ [7].
Progressive left ventricular hypertrophy (LVH) is the most common cardiac manifestation,
reported to be up to 88% in males with FD over the age of 30 and in more than a third of
women older than 40 years [8]. Further cardiac abnormalities include chronotropic incom-
petence, sinus node dysfunction and severe atrioventricular block, resting bradycardia, and
impaired heart rate response on exertion [2].

Subclinical cardiac involvement may be the first sign of organ damage in patients
with FD. Cardiac magnetic resonance imaging (CMR) is essential for early diagnosis and
staging of cardiac FD. It enables accurate, non-invasive assessment of LVH and myocardial
fibrosis as well as glycosphingolipid deposition in the myocardium, which occurs before the
development of significant LVH [9,10]. Recent studies have shown that CMR T1-mapping
sequences allow the characterization of the myocardium by identifying myocardial edema,
lipid accumulation, and extracellular volume expansion in myocytes, which can detect
early cardiac involvement. Some limitations have emerged in clinical practice, such as
the progressive pseudo-normalization of T1 relaxation times occurring in later stages,
characterized by inflammation, hypertrophy, and fibrosis, as well as the need for the
standardization of values according to the imaging equipment and protocols in use [11-13].

This article presents two siblings with different cardiac manifestations of FD.

2. Case Presentation

We present a 42-year-old male patient who was referred to our institution (University
Hospital Center Rijeka, Rijeka, Croatia) for a nephrology consult regarding a kidney
transplant. The patient had already been diagnosed with chronic renal failure and had been
on hemodialysis for 7 years. He was first diagnosed with chronic renal failure 19 years
ago with an explanation of a severe case of glomerulonephritis. During one session of
hemodialysis at our facility, the patient reported acute onset of severe dyspnea, which
prompted the order of CT pulmonary angiography with clinical suspicion of pulmonary
thromboembolism (PTE). No evidence of PTE was found. However, other findings reported
included left ventricular myocardial hypertrophy, dilated pulmonary arteries, and several
intrapulmonary nodules suspicious for intrapulmonary metastases (Figure 1). Further
diagnostic workup included a thorax, abdomen, and pelvis CT scan, which showed no
suspicion of a primary malignancy.

An initial cardiac ultrasound was performed, which confirmed the presence of my-
ocardial hypertrophy. The report stated concentric myocardial hypertrophy with impaired
systolic function (left ventricular ejection fraction of 43%) and signs of pulmonary hyper-
tension. An initial CMR exam was ordered and showed concentric myocardial hypertrophy
of the left ventricle with non-ischemic fibrosis in the basal and mid segments of the lateral
wall and patchy non-ischemic fibrosis in the mid-anteroseptal and inferoseptal segments
(Figure 2). CMR T1-mapping was also performed, and the values measured 977 ms, whilst
the normal reference values were considered to be 950 £ 20 ms (Figure 3).
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Figure 1. Contrast-enhanced CT pulmonary angiography in mediastinal (A,B) and lung (C) window.
(A)—left ventricular hypertrophy (arrows), (B)—dilated main and right pulmonary artery (arrows),
(C)—intrapulmonary nodules (arrows).

Figure 2. Cardiac magnetic resonance (CMR) imaging; native cine 4-chamber (4ch) view and short-
axis (SA) view (A,B). Late gadolinium enhancement (LGE) 4ch and SA views (C,D). (A,B)—Concentric
left ventricular myocardium hypertrophy (arrows). (C)—LGE 4ch view shows patchy fibrosis in
the mid-myocardial part of the lateral wall (arrows), typical for Fabry disease. (D)—LGE SA view
shows patchy fibrosis in the lateral wall (arrow) and patchy fibrosis in anteroseptal and inferoseptal

segments (triangles).

The results of CMR were highly suggestive of FD. The patient was tested for xGALA
enzyme deficiency and changes in the GLA gene during further diagnostic work-up,
confirming the FD diagnosis. A classical type mutation c.[540G>C] (p.[L 180F]) was
found. Further testing revealed a low alpha-galactosidase activity of 0.02 nmol/spot/21 h
(reference interval >0.185 nmol/spot/21h) and elevated lyso-Gb3 12.1 ng/mL (reference
interval < 1.8 ng/mL) [14]. These findings facilitated further family screening.

An MRI of the brain was also performed to detect any signs of brain manifestations
of FD. The exam showed basilar artery ectasia and mild to moderate deep white matter
changes due to small vessel disease related to FD (Figure 4).
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Figure 3. T1-mapping sequence, short-axis (SA) view. The mean T1-mapping value of the left

ventricle myocardium is 977 ms.

Figure 4. Brain MRI, T1 sequence, sagittal view (A), FLAIR sequence, axial view (B). (A)—Thick
tubular flow-void located ventral to the pons and mesencephalon (arrows)—dolichoectatic basilar
artery. (B)—White matter hyperintensities due to small vessel disease (arrows).

Following the diagnosis and completing the diagnostic work-up, the patient was
immediately started on agalsidase beta—a recombinant human acGALA enzyme replace-
ment therapy (ERT). Four years after the first hospitalization at our institution, the patient
underwent a kidney transplant with satisfactory results.

The follow-up CMR was performed 12 months after the initial exam, and the progres-
sion of LVH was reported with no signs of obstruction or right ventricular hypertrophy
(RVH). An increase in T1-mapping values, now measuring 1032 ms, was noted. Eighteen
months after the initial CMR, a normalization of the T1-mapping values was observed,
which were reported to be 950 ms, a value within the reference range. The final CMR exam
was performed 24 months after the initial exam showed no signs of disease progression,
with T1-mapping values within the normal range (932 ms) (Figure 5).

Subsequent MRI scans of the brain showed a gradual progression of bilateral white
matter changes. The first progression was detected 60 months after the initial brain MRI,
and 78 months after the initial exam, the exam showed severe white matter changes due to
the progression of small vessel disease related to FD (Figure 6).



Diagnostics 2025, 15, 340 50f 11

2000 ms

: o

.~"—'

=
l‘ p

{ o ‘
- '.. ._\ .‘

[

u”;‘

[ " -
» <
’ROIS
Min/ Max: 818.00 /1127.00
Mean/SD: 932.42 /53.94
* Area: 6.17 cm2
t

-

Figure 5. CMR follow-up 24 months after the initial exam. T1-mapping sequence, short-axis (SA)
view. The mean T1-mapping value of the left ventricle myocardium is 932 ms.

Figure 6. Initial brain MRI (A), follow-up brain MRI 78 months after the initial exam (B). Significant
progression of white matter hyperintensities due to the progression of small vessel disease (arrows).

A systematic family screening was initiated after the FD diagnosis in the previously
presented case. The patient’s mother was determined to be the gene carrier, but she
exhibited no manifestations of FD. The mother had five brothers and three sisters, of whom
three brothers and two sisters are deceased, and all have children of their own (Figure 7).

|:| Male JZQ Deceased individual O Carrier female

O Female D Proband E] Affected individual
’

Figure 7. Family pedigree of the presented siblings. The proband is the first case (older brother).
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Here, we present the patient’s brother—a 36-year-old male who was previously di-
agnosed with chronic kidney disease (CKD) with secondary hyperparathyroidism and
arterial hypertension. The patient was also diagnosed with the same gene mutation—classic
type mutation c.[540G>C] (p.[L 180F]). This patient also exhibited low alpha-galactosidase
activity of 0.03 nmol/spot/21h (reference interval > 0.185 nmol/spot/21h) and elevated
lyso-Gb3 6.0 ng/mL (reference interval < 1.8 ng/mL).

Initially, a cardiac ultrasound was performed, which, unlike that of his brother, showed
normal findings. The initial CMR examination showed normal ejection fraction and myocar-
dial contractility with no myocardial hypertrophy (Figure 8). The only findings indicative
of cardiac manifestation of FD were CMR T1-mapping values, which were measured to be
884 ms (Figure 9).

Figure 8. Initial CMR. Cine sequence in 4ch view (A) and LGE sequence in 4ch view (B). Normal
thickness of the left ventricular myocardium, with no fibrosis on LGE sequences (arrows).

« 'ROIZ_1
Min / Max: 803.00 /941.00
Mean/SD: 883.65 /29.76
Area: 0.93 cm2

Figure 9. T1-mapping sequence, short-axis (SA) view. The mean T1-mapping value of the left
ventricle myocardium is 884 ms.

Brain MRI was performed as part of a routine examination and showed very mild
white matter changes adjacent to lateral ventricles. Other findings were unremarkable, and
other signs of Fabry disease were not present (Figure 10).

The patient was promptly started on agalsidase beta and placed on the waiting list for
a kidney transplant. A successful kidney transplant was performed nine months after the
initial diagnosis.
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Figure 10. Initial brain MRI (A), follow-up brain MRI 78 months after the initial exam (B). (A)—Very
mild white matter hyperintensities due to small vessel disease in the left cerebral hemisphere (arrow).
(B)—Significant progression of white matter hyperintensities (arrows).

The follow-up CMR performed 24 months after the initial diagnosis showed a slight
volumetric increase of the left ventricle with preserved ejection fraction and a significant
increase in the T1-mapping values (938 ms) (Figure 11). The further CMR performed
48 months after the initial diagnosis showed no signs of progression, now with left ven-
tricular volumetry values in the reference range and T1-mapping values in the normal
reference range (915 ms). The last MRI exam was performed 60 months after the initial
exam and showed moderate white matter changes (Figure 10).

ROI6
Min / Max: 843,00 /971,00
Mean/SD: 914,62 /24,22
Area: 1,01 cm2

3

Figure 11. CMR follow-up 24 months after the initial exam. T1-mapping sequence, short-axis (SA)
view. The mean T1-mapping value of left ventricle myocardium is 915 ms.

3. Discussion

The epidemiological variability of FD may be influenced by underdiagnosis and
misdiagnosis due to the variable clinical presentation and the lack of awareness of the
disease among healthcare professionals. The heterogeneous clinical presentation, especially
in the early stages, further complicates diagnosis, which delays the initiation of treatment
that can significantly alter the course of the disease and improve quality of life [15]. As
shown in our case report, family screening plays a crucial role in the early diagnosis of
FD. Studies have shown how cascade family screening can lead to an average of five or
more newly diagnosed patients who are more likely to be diagnosed at early stages of
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the disease [16]. Our second case demonstrated the practical application of this principle;
however, fully implementing family screening took a lot of work due to the various clinical
centers involved in treating and managing all family members.

The necessity of cardiological workup for cardiovascular disease in patients with CKD
is well known due to the complex interplay of the two entities. Still, the situation is further
complicated in patients with FD. A study conducted at Mount Sinai School of Medicine
re-evaluated multiple publications on the prevalence of FD in the screening of “high-risk”
populations and showed that the prevalence of FD in patients undergoing hemodialysis
may be 0.21% in men and 0.15% in women, while studies conducted in patients undergoing
renal transplantation found pathogenic mutations associated with FD in 0.24% of male
patients but in none of the female patients. This association was critical to the patient’s
diagnosis in the first case, further emphasizing the importance of screening in “high-risk”
populations. In addition, the same study highlighted the importance of screening for FD in
patients with otherwise unexplained LVH or HCM, as this symptom was found in up to
0.94% of male and 0.90% of female patients with pathogenic FD mutations [17].

Research into the use of CMR for screening FD has gained importance due to its
effectiveness in detecting early cardiac involvement, which is crucial for timely therapeu-
tic intervention and significantly affects treatment outcomes [18-20]. One advantage of
CMR is its superior accuracy in quantifying left ventricular mass (LVM) and assessing
myocardial architecture. Studies have shown that transthoracic echocardiography often
overestimates LVM and has lower reproducibility than CMR, affecting the diagnostic and
therapeutic approach [18,21]. In addition, CMR LGE can discern atypical patterns of cardiac
involvement, particularly in the inferolateral wall of the left ventricle, always sparing at
least a thin portion of the subendocardial and subepicardial layer, which distinguishes FD
from other infiltrative cardiomyopathies such as amyloidosis and sarcoidosis [22]. Our
findings in the first case with the delayed diagnosis of FD meet these criteria, whereas in
the second case, no such findings were shown, mainly due to the early stage of the disease.
The differences in myocardial fibrosis patterns between siblings can be attributed to the
age difference (over five years), which reflects different degrees of progression of Fabry
disease. Secondly, the older brother (first case) had already been treated with hemodialysis
for seven years, which also affects the remodeling of the myocardium due to volume load.
Similar disparities in renal and neurological damage were probably caused by the late
start of treatment of the disease with enzyme replacement therapy [23]. The importance of
LGE in FD is also reflected in its role as a significant prognostic marker and in monitoring
treatment response, particularly ERT [24,25]. In addition to LGE, CMR techniques such
as T1 mapping can further improve Fabry disease’s diagnostic and predictive capabilities.
T1-mapping quantifies the T1 relaxation time of myocardial tissue. It detects changes in
myocardial composition that precede visible morphological changes, making it an essen-
tial tool for early diagnosis and monitoring disease progression. The typical finding in
patients with FD is low T1-mapping values due to an accumulation of sphingolipids in
the myocardial tissue, a pathological finding that precedes the development of LVH [26].
Another possibility provided by T1-mapping in FD is to follow the patient’s response
to ERT. Studies show that successful ERT can increase T1-mapping levels, reflecting a
reduction in substrate accumulation, so T1-mapping can be used as a biomarker for eval-
uating ERT’s efficacy without using a contrast medium [1]. However, normalization of
T1-mapping values may also reflect disease progression rather than solely the effects of ERT,
a phenomenon known as “pseudo-normalization,” where T1 values appear to normalize
despite ongoing disease progression due to underlying fibrosis and lipid accumulation [27].
In addition, the presence of myocardial trabeculations can also lead to higher T1-mapping
values. Trabeculations are associated with early glycosphingolipid deposition and may
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serve as an early marker of FD prior to more severe myocardial fibrosis and dysfunction.
All things considered, the interpretation of changes in T1-mapping values involves the
complex relationship between myocardial fibrosis, glycosphingolipid accumulation, and
the potential for “pseudo-normalization” such that continued monitoring and compre-
hensive assessment remain essential for accurate evaluation of cardiac involvement and
disease progression in all patients with FD [28]. Results consistent with these were shown
primarily in the second case, in which the initially low T1-mapping values normalized after
the initiation of ERT. The difference in T1 values between the two cases presented was most
likely due to the early detection of FD in the second patient, which could have resulted in a
better response to ERT.

Although CMR possesses advantages in detecting early disease, its incorporation in
screening protocols may not be feasible due to the complexity of the exam, availability, and
potential lack of cost-effectiveness. However, the capability of CMR to deliver detailed
insights into myocardial structure and function establishes it as an invaluable tool in
evaluating the diagnosis, risk prognosis, and therapy response tracking in FD.

4. Conclusions

In this case report, we demonstrated the significant impact of CMR on initial diagnosis
and treatment decisions in two brothers with FD at different stages of the disease. Apart
from the benefit of the initial diagnostic work-up, we also highlight the role of CMR in
the follow-up of patients with FD, as well as monitoring myocardial damage, disease
progression, and therapeutic effects of ERT. The first case represented an advanced form of
FD, showing marked myocardial hypertrophy. CMR played an essential role in assessing
the extent of cardiac involvement, with LGE as a prognostic marker for disease severity.
The second case exhibited a markedly different clinical presentation. Initial transthoracic
echocardiography showed no signs of LVH. However, with reduced T1-mapping val-
ues, we demonstrated initial, preclinical cardiac involvement due to an accumulation of
sphingolipids in the myocardium. Furthermore, we could follow the normalization of
T1-mapping values once the patient started ERT.

Finally, we also highlight the importance of family screening in diseases such as FD
and the screening of high-risk populations, which enables early diagnosis and leads to
better clinical outcomes and quality of life for patients.
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