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Abstract

Background: Cardiac involvement is common in Fabry disease (FD) and typically manifests
with left ventricular hypertrophy (LVH). Patients with FD are frequently misdiagnosed,
and this is mainly related to the lack of disease awareness among clinicians. The aim of
this study was to determine whether providing a targeted educational intervention on FD
may enhance FD diagnosis. Methods. This research was designed as a single-arm before-
and-after intervention study and evaluated the impact of providing a specific training
on FD to cardiologists from different Italian centers, without experience in rare diseases.
In the 12-month period after the educational intervention, the rate of FD screening and
diagnosis was assessed and compared with those conducted in the two years preceding
the study initiation. Results: Fifteen cardiologists participated to this study, receiving a
theoretical and practical training on FD. In the two previous two years, they conducted
12 FD screening (6/year), and they did not detect any cases of FD. After the training, they
performed 45 FD screenings, with an eight-fold rise in the annual screening rate. The
screened population (age: 61 £ 11 years, men: 82%) was mainly composed of patients with
unexplained LVH (n = 43). There were four new FD diagnoses and, among of them, three
had a late-onset GLA variant. After the cascade genetic screening, 11 affected relatives and 8
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heterozygous carriers were also detected. Conclusions: A targeted educational intervention
for cardiologists allowed the identification of four new families with FD. Enhancing FD
awareness is helpful to reduce the diagnostic and therapeutic delay.

Keywords: fabry disease; awareness; hypertrophic cardiomyopathy; rare disease; renal
failure

1. Introduction

Fabry disease (FD) is an X-linked lysosomal storage disorder caused by mutations in
the gene encoding the enzyme a-galactosidase A, resulting in intracellular accumulation of
globo-triaosylceramide in different organs, including the heart [1].

At cardiac level, the main phenotypic expression of FD is the development of progres-
sive left ventricular hypertrophy (LVH), which may be the only phenotypic manifestation,
mimicking hypertrophic cardiomyopathy (HCM) [2,3].

FD is a rare disease with an incidence reported to range from 1,/117.000 to 1/40.000,
but these numbers likely underestimate the burden of disease [4-7]. Registry and cohort
studies demonstrate that FD patients are often mis-diagnosed with other disorders, ex-
periencing diagnostic delays of many years [4-7]. An early diagnosis of FD is a key goal
since the beneficial effects of disease-specific therapy critically depend on the stage of the
disease in which the treatment is started, with little or no effect in patients with advanced
cardiomyopathy or end-stage renal disease [8-10].

Contributing factors to the diagnostic delay include not only the rarity of FD and
the heterogeneous clinical features, but also the lack of awareness among the wide range
of specialists to which patients may initially present [11-13]. Thus, targeted educational
interventions for health professionals may be a valuable tool to enhance diagnosis of FD
and optimize timing of therapeutic interventions [11-13].

In this study, we aimed to examine whether providing targeted information on FD to
cardiologists with no or little experience of rare diseases and tutoring them in the evaluation
of patients with unexplained LVH may improve the diagnostic pathway of FD.

2. Materials and Methods

The present research is a single-arm before-and-after intervention study, promoted
and coordinated by the Fondazione Policlinico A. Gemelli IRCCS, Rome.

The study was conducted evaluating the changes in the rate of screening and di-
agnostic performed by a group of Italian cardiologists, after receiving an educational
intervention on FD. These physicians were selected from different Italian spoke centers,
without outpatient clinic dedicated to rare diseases, including FD.

At the time of study initiation, we determined the numbers of FD screening and
diagnosis conducted by participant cardiologists in the past 2 years.

2.1. Educational Intervention on FD
The training course on FD was articulated in two phases:

1.  Theoretical phase: this phase was based on 3 online, interactive lessons on FD, per-
formed over one month (each of them lasting 3 h), aimed at raising the disease
awareness. More specifically, the topics of the webinars were the following:

- Lessonn. 1: Molecular genetics, epidemiology, clinical presentation, diagnostic
work-up and screening and multiorgan involvement.
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- Lesson n. 2: Electrocardiographic, echocardiographic, and cardiac magnetic reso-
nance (CMR) characteristics of Fabry cardiomyopathy and its pharmacological
management (specific and support therapy).

- Lessonn. 3: Differential diagnosis of Fabry cardiomyopathy with HCM and other
HCM phenocopies.

2. Tutored phase: Cardiologists have been supported in their daily clinical practice
for 5 months. An expert cardiologist from the promotor institution (“Tutor”) was
available by video calls for 6 h/5 days a week. They provided interpretative assistance
on electrocardiograms (ECG) and echocardiograms when requested and supported
the diagnostic work-up of suspected FD cases.

2.2. Active Phase of the Study

After the educational intervention, the active phase of the study started. This phase
lasted 12 months and was both prospective and retrospective. The prospective part included
disease’ screening performed on patients evaluated for the first time at the participating
centers during this period. For the retrospective part, physicians have been invited to check
their clinical database and/or outpatient lists, looking for patients with features suggestive
of FD.

More specifically, they have been encouraged to screen high-risk patients [1,3],
as follows:

- Patients with LVH of unknown etiology (diagnosed in or after the 3rd decade of
life) defined by a left ventricular maximum wall thickness (LVMWT) > 13 mm mea-
sured on echocardiography or CMR, in absence of male-to-male transmission and
co-existent pathologies that could explain the increased LV wall thickness (hyperten-
sion, aortic stenosis);

- Patients with LVH (diagnosed in or after the 3rd decade of life) and ECG findings
frequently encountered with Fabry cardiomyopathy (short PR interval, right bundle
branch block [RBBB], high QRS voltage and remarkable repolarization abnormalities);

- Patients with unexplained LVH (diagnosed in or after the 3rd decade of life) and
history of chronic kidney disease (CKD), ischemic stroke or clinical characteristics
compatible with FD systemic involvement.

Clinical, electrocardiographic, and echocardiographic data of screened patients were
anonymized and collected.

2.3. Diagnostic Kits

The screening of suspected FD patients was conducted by dried filter-paper blood
spots (DBSs), as in current clinical practice. Sample analyses were centralized (Centogene,
Germany) and included the quantification of blood alfa-galactosidase A enzyme activity
and GLA genotyping. In agreement with current recommendations [3], genetic analysis of
the GLA gene was performed in male patients with low «-galactosidase A activity and for
all women. All patients signed an informed consent for genetic testing.

2.4. Study Endpoint

The power of the targeted information was evaluated through the comparison of
annual rates of FD screening and diagnosis performed during the active phase of the study
versus those conducted in the two years before the study initiation. The Wilcoxon test was
used to evaluate the changes in the annual screening rate following the educational interven-
tion. The test was two-sided, and p values < 0.05 were considered statistically significant.
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3. Results

A total of fifteen cardiologists from different Italian institutions participated in the
present study and received the educational intervention on FD. In the two years prior to
the study, these physicians conducted a total of 12 screenings (6/year), and they did not
detect any new diagnoses of FD (as illustrated in Figure 1).
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| | | ,

>
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Figure 1. Study timeline: The impact of educational intervention on FD screening and diagnostic
rates. Created in BioRender. Lillo, R. (2025) https://BioRender.com/fez7x5p. Abbreviations. FD:
Fabry disease.

3.1. Screened Population

From July 2023 to July 2024 (active phase), the cardiologists performed FD screening
on 45 patients, resulting in an eight-fold increase in the annual screening rate in comparison
to the two years before the educational intervention (p = 0.018).

The main clinical and echocardiographic features of the screened population
(age: 61 £ 11 years, men: 82%) are reported in Table 1. The screenings were all con-
ducted in patients prospectively evaluated by the participant cardiologists, while they
did not perform screening on retrospective cases. The testing was performed in patients
with (1) LVH due to unknown etiology or judged as disproportionate compared with
well-controlled arterial hypertension (1 = 43) and (2) in those with mildly increased LV
wall thickness (LVMWT between 10 and 13 mm) associated with a typical pattern of late
gadolinium enhancement (involving the inferolateral segments and with a mid-wall pat-
tern) on CMR (n = 2). A total of 40% of patients had a history of hypertension, while 36%
had CKD (defined by an estimated glomerular filtration rate < 60 mL/min/1.73 m?).

Table 1. Characteristics of the population screened for FD.

Study Population (1 = 45)

Clinical data

Age (years) 61 £11
Male (n, %) 37 (82)
Positive familiar history of HCM (11, %) 5(11)
Hypertension (1, %) 18 (40)
CKD (n, %) 16 (36)
Ischaemic stroke (11, %) 4 (9)
Pacemaker implantation (1, %) 4 (9)
Atrial fibrillation (11, %) 9 (20)

Ventricular arrhythmia (1, %) 1(2)
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Table 1. Cont.

Study Population (1 = 45)

ECG

PR interval (ms) 180 (160-209)
QRS interval (ms) 100 (90-130)
RBBB (1, %) 7 (16)
LBBB (1, %) 6 (13)
Voltage criteria for LVH (1, %) 16 (36)
Echocardiography

LVMWT (mm) 16 (13-19)
LVEDD (mm) 48 (43-53)
LVEF (%) 60 (54-64)
LAVi (ml/m?) 39 (30-51)
E/A ratio 0.9 (0.7-1.5)
Mean E/E’ 12 (7-18)
RV wall thickness (mm) 5 (4-7)
TAPSE (mm) 21 (19-25)
PASP (mm) 32 (25-41)

Legend. Continuous variables are presented as mean =+ standard deviation or median (inter-quartile range,
IQR), as appropriate. Abbreviations. CKD: chronic kidney disease; HCM: hypertrophic cardiomyopathy; IVSd:
interventricular septum diastolic wall thickness; LAVi left atrial volume index; LBBB: Left Bundle Branch Block;
LVMWT: left ventricular maximal wall thickness; LVEDD: left ventricular end-diastolic diameter; LVEF: left
ventricular ejection fraction; LVH: left ventricular hypertrophy; PWd: posterior wall thickness; RBBB: right bundle
branch block; RV: right ventricular; TAPSE: tricuspid annular plane systolic excursion; PASP: pulmonary arterial
systolic pressure.

3.2. New Diagnosis of Fabry Disease

The screening allowed the identification of four index cases of FD (two men and two
women), with a rate of positive screening of 8.8%. The characteristics of patients with FD
are reported in Table 2. After the diagnosis, patients were referred for treatment initiation
based on current international recommendations [14]. Decisions regarding disease-specific
treatment strategies (ERT/chaperone therapy) were made on an individual basis, after
multidisciplinary discussion, taking into account several factors including age, gender,
disease phenotype and features, renal function, and patient preference.

Table 2. Characteristics of the patients diagnosed with FD.

Patient 1 Patient 2 Patient 3 Patient 4
Clinical data
Age (years) 70 41 74 56
Sex Male Female Female Male
Body surface area (m?) 21 1.7 2.0 2.0
GLA variant p- Asn215Ser  p. Arg227Ter  p. Asn215Ser  p. Asn215Ser
Disease phenotype Late-onset Classic Late-onset Late-onset
Positive familiar history of HCM No No Yes Yes
Hypertension Yes No Yes No
eGFR (mL/min/1.73 m?) 94 63 63 106
CKD No No No No
Pacemaker Yes No No Yes
Atrial fibrillation Yes No No Yes
Ventricular arrhythmia No No No No
Ischaemic stroke No Yes No No
Cornea verticillata No Yes No No
Angiokeratoma No No No No
Hypoacusia No No No No
Gastrointestinal symptoms No No Yes No

Ntpro-BNP (pg/mL) 3040 250 630 747
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Table 2. Cont.

Patient 1 Patient 2 Patient 3 Patient 4
ECG
Rhythm AF Sinus Sinus Sinus
PR interval (ms) - 200 162 157
QRS interval (ms) 140 90 144 168
RBBB Yes No No Yes
LBBB No No Yes No
Voltage criteria for LVH No Yes No Yes
Echocardiography
IVSd (mm) 20 13 14 23
PWd (mm) 19 11 11 16
LVMWT (mm) 20 14 15 23
LVEDD (mm) 51 47 44 50
LVEF (%) 56 57 59 45
LAVi (mL/m?) 73 37 47 41
E/A ratio - 1.7 0.5 -
Mean E/E’ 20 14 9 8
RV wall thickness (mm) 9 4 6 6
TAPSE (mm) 15 27 21 14

Abbreviations. CKD: chronic kidney disease; eGFR: estimated glomerular filtration rate; HCM: hypertrophic
cardiomyopathy; IVSd: interventricular septum diastolic wall thickness; LAVi: left atrial volume index; LBBB:
Left Bundle Branch Block; LVMWT: left ventricular maximal wall thickness; LVEDD: left ventricular end-diastolic
diameter; LVEF: left ventricular ejection fraction; LVH: left ventricular hypertrophy; PWd: posterior wall thickness;
RBBB: right bundle branch block; RV: right ventricular; TAPSE: tricuspid annular plane systolic excursion; PASP:
pulmonary arterial systolic pressure.

Patient 1 was a 70-year-old man admitted to the hospital with fatigue and shortness of
breath. The 12-lead electrocardiogram showed a rhythm of atrial fibrillation complicated
with a third-degree atrioventricular block and a ventricular rate of 30 beats per minute
(Figure 2A), which required an urgent dual-chamber pacemaker implantation. The echocar-
diographic assessment revealed a severe LVH with a concentric pattern and an LVMWT of
20 mm at the level of the interventricular septum (Figure 2B), preserved left ventricular
ejection fraction, severe left atrial enlargement, right ventricular hypertrophy and mildly
reduced right ventricular function. The DBS showed a severe reduction in x-galactosidase
A activity, and the gene sequencing identified a hemizygous pathogenic variant in the GLA
gene: c.644A>G (p. Asn215Ser). CMR (performed with a 6 -week delay after pacemaker
implantation) revealed decreased myocardial native T1 values and the presence of LGE
in the infero-lateral wall with a subepicardial pattern. After the exclusion of extensive
myocardial fibrosis [14], he started enzymatic replacement therapy (ERT).

FC 30 bpm &e 1973 ms.
v 0me

178 ms Rapporto non convatidato

Anomalo

L S

e it B e 4 B IR R SRR

?H:;‘ffwnt'“ei‘u
R A vhnfm;nz.ftoz_h-un
FOR SCHILLFR AT 1006
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n‘%liﬂu&.:{us@y»y-v L

782214 ECQ

Figure 2. Patient 1’s electrocardiogram (A) and apical 4-chamber view on the echocardiogram (B).
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Genetic testing of the at-risk family members (Figure 3) allowed identification of
six relatives affected (five men and one woman), which consequently also initiated disease-
specific therapy (five cases of ERT and one of chaperone therapy), and five heterozygous
carriers with no signs or symptoms of disease involvement, who are on active surveillance.

6 Pe o

e oo mL 0 e B @

Figure 3. Pedigree tree of patient 1. Legend. Circles are women and squares are men. Filled symbols

are affected patients, while dots refer to heterozygous carriers without phenotypic expression. Dashed
symbols are deceased patients; the question mark is a patient not yet tested. The arrow indicates the
index patient.

Patient 2 was a 41-year-old woman admitted to the hospital for recurrent ischemic
stroke. During the admission, a mild impairment of renal function with proteinuria was
documented and the echocardiogram revealed a mild, concentric LVH, with an LVMWT of
14 mm. These red flags raised the suspicion of FD and the DBS confirmed a heterozygous
pathogenetic GLA variant ¢.679C > T (p.Arg227Ter). Lately she started enzymatic replace-
ment therapy, and, following the family cascade screening, one heterozygous carrier (her
daughter) was identified.

Patient 3 was a 74-year-old women, followed up for a few years for a supposed
diagnosis of HCM. She had a positive familiar history of HCM, in absence of a male-
to-male transmission. DBS analysis revealed a heterozygous pathogenetic GLA variant
c.644A > G (p. Asn215Ser) and, after the diagnosis, she started enzymatic replacement
therapy. The screening of offspring revealed that three sons were also affected, and two
daughters were asymptomatic carriers of the disease.

Patient 4 was a 56-year-old man referred for cardiological evaluation due to palpi-
tations. The echocardiogram documented a severe LVH (LVMWT 23 mm). Electrocar-
diographic features (RBBB and voltage criteria for LVH with secondary repolarization
abnormalities) and a positive familiar history of HCM without male-to-male transmis-
sion raised the suspicion of FD. DBS analysis confirmed the diagnosis, revealing a se-
vere reduction in x-galactosidase A activity and the pathogenetic GLA variant 5.644A>G
(p. Asn215Ser). After the cascade genetic screening, two affected relatives were identified
(two brothers) and were also referred for disease-specific therapy initiation.

4. Discussion

In the present study, following a targeted educational intervention on FD, we observed
a remarkable rise in the disease screening rate and, importantly, four new families with FD
were detected by participant cardiologists.

Despite the diagnostic and therapeutic advances of the last decades, FD remains
largely underdiagnosed [4-7]. An early diagnosis is crucial for FD patients aiming for a
timely initiation of disease-specific therapy and slowing of disease progression [11]. Indeed,
the efficacy of ERT is closely related to the stage of disease in which the treatment is initiated,
with no effect demonstrated in patients with advanced cardiac or renal damage [8-11].
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The lack of disease awareness among the clinicians who face these patients is one of
the contributing factors to the diagnostic delay [12]. Thereby educational interventions may
be an easy but effective tool to enhance the disease knowledge and consequently improve
the diagnostic pathway of FD.

Cardiac involvement is common in FD, and it is the main cause of impaired quality of
life and mortality of these patients [3,15-17]. The development of a progressive LVH is the
main feature of the disease at cardiac level, mimicking HCM [3,16,17]. Thus, cardiologists
have a central role in the diagnostic pathway of FD, being the first-line healthcare providers
to detect LVH and eventually suspect FD. As underscored by current guidelines [18],
FD should always be suspected in HCM cases, when cardiac or extracardiac red-flags
are identified. The age of cardiomyopathy onset, familiar history (thereby the pattern of
inherence) and electrocardiographic findings are important diagnostic clues, which should
always be investigated [19-21]. In addition, advanced cardiac imaging techniques, with
strain analysis [22-24] and T1 mapping [25], have improved the diagnostic approach to FD
and are helpful tools for the differential diagnosis from other causes of LVH.

Of importance, cardiac involvement may be the only phenotypic manifestation of FD,
and this is typical among patients affected by late-onset or cardiac GLA variants, including
the p. Asn215Ser, which are associated with residual x-Gal A activity [26,27]. Notably,
in the present study, p. Asn215Ser was the prevalent mutation among the new diagnosis
of FD. Indeed, because of the lack of multiorgan involvement, patients with a late-onset
phenotype may be more frequently mis-diagnosed with HCM, experiencing diagnostic
delays of many years [27]. On the other hand, in patients with classic disease phenotype
and renal involvement, LVH may be erroneously attributed to CKD and/or hypertension
(such as in patient 3 of the present study).

Of interest, previous studies with systematic searches for FD in patients with unex-
plained LVH reported a prevalence of the disease varying between 1% and 12% [28-31]. The
rate of positive screening in our study (8.8%) was higher in comparison to that previously
reported by Savary and colleagues [12]. Following a targeted educational intervention
among 45 French cardiologists, two new FD families were diagnosed, with a 3.4% rate
of positive screenings [12]. This discrepancy may potentially be related to the different
educational interventions adopted in the two studies. We combined a theoretical phase
with a tutored phase and we feel that the chance of discussing real-word clinical cases with
experts may have added value for the clinicians approaching this rare disease. Moreover,
cardiologists were specifically trained on the key clinical and instrumental red flags of FD
and the differential diagnosis with HCM and other phenocopies.

Importantly, the improved diagnosis rate observed in our study translated into con-
crete patient benefits. All four newly diagnosed index patients were promptly started
on disease-specific therapy—either ERT or chaperone therapy—after the diagnosis was
confirmed. Moreover, cascade genetic screening enabled the identification of affected at-risk
family members, eight of whom were diagnosed with FD and initiated a disease-specific
therapy, while six heterozygous carriers were enrolled in regular follow-up. This is par-
ticularly relevant since the efficacy of disease-specific treatment critically depends on the
timing in which it is initiated, with clear evidence that early therapy can slow progression,
prevent irreversible organ damage, and improve long-term outcomes [8-11]. Accordingly,
patients identified by cascade screening were referred for specific treatment as soon as
early signs of kidney, heart or brain involvement were identified. Therefore, our findings
underscore that targeted educational interventions for cardiologists do not only increase
the diagnostic yield but also facilitate timely therapeutic intervention, ultimately improving
the management and prognosis of patients affected by FD and their families.
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Further studies investigating the impact of targeted educational interventions for other
specialists that typically face FD patients, such as nephrologists, are warranted.

Limitations

Firstly, study limitations are linked to the study design, and particularly the lack of a
control group and the relatively small sample size of cardiologists that have been enrolled.
The cardiologists who participated in this study may have been more motivated and this
may be a source of a sample bias. Moreover, it is not possible to draw conclusions on the
effects of the training on the long-term rate of FD screening and diagnosis. Despite the
fact that we demonstrated a significant rise in the annual screening rate after educational
training, statistical testing of the changes in the diagnostic yield was not feasible.

5. Conclusions

Our study shows that a targeted educational intervention for cardiologists substan-
tially increased the screening and diagnosis rates for Fabry disease, leading to the identifica-
tion of four new affected families within a relatively short timeframe. Thus, raising disease
awareness and providing practical guidance to frontline cardiologists may play a key role
in reducing diagnostic and therapeutic delays and, lately, in improving the prognosis of
patients with FD.
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