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Abstract

Fabry disease (FD) is an X-linked inherited lysosomal disorder due to a deficiency of the enzyme alpha-galactosidase
A (a-gla) due to mutations in the GLA gene. These mutations result in plasma and lysosome accumulation of gly-
cosphingolipids, leading to progressive organ damage and reduced life expectancy. Due to the availability of spe-
cific disease-modifying treatments, proper and timely diagnosis and therapy are essential to prevent irreversible
complications. However, diagnosis of FD is often delayed because of the wide clinical heterogeneity of the disease
and multiple organ involvement developing in variable temporal sequences. This observation is also valid for renal
involvement, which may manifest with non-specific signs, such as proteinuria and chronic kidney disease, which are
also common in many other nephropathies. Moreover, an additional confounding factor is the possibility of the coex-
istence of FD with other kidney disorders. Thus, suspecting and diagnosing FD nephropathy in patients with signs

of kidney disease may be challenging for the clinical nephrologist. Herein, also through the presentation of a unique
case of co-occurrence of autosomal dominant polycystic kidney disease and FD, we review the available literature

on cases of coexistence of FD and other renal diseases and discuss the implications of these conditions. Moreover, we
highlight the clinical, laboratory, and histological elements that may suggest clinical suspicion and address a proper
diagnosis of Fabry nephropathy.

Keywords Fabry disease, Fabry nephropathy, Kidney biopsy, Chronic kidney disease, Glomerulonephritis, ADPKD,
Alpha-galactosidase A

Introduction

*Correspondence: Fabry disease (FD) is an X-linked inherited lysosomal dis-
Pasquale Esposito order with an incidence of 1 in 40-60,000 new births in
Pasquale.esposito@unige.it . . . .

! Department of Internal Medicine, University of Genoa, Genoa, Italy the male populatlon. The ('hsease is due to deﬁaency of
2 Unit of Nephrology, Dialysis, and Transplantation, IRCCS Ospedale the enzyme alpha-galactosidase A (a-gla), which results
Policlinico San Martino, Genoa, ltaly from mutations in the GLA gene. To date, more than
, Unitof Nephrology and Dialysis, Ospedale San Paolo, Savona, Italy 1000 mutations have been described, which may result in

Division of Cardiology and Cardiac Intensive Care Unit, Ospedale San . L. R .

Paolo, Savona, Italy different clinical phenotypes and disease courses (includ-
3 Institute for Biomedical Research and Innovation (IRIB), National ing classical phenotype, late-onset FD, attenuated disease,
Research Council (CNR), Palermo, Italy . . .

© Cardiovascular Disease Unit, IRCCS Ospedale Policlinico San Martino, and variants of uncertain 51gr.11ﬁca.nce) [1] The cor‘nm(?n
Genoa, Italy final effect of all these mutations is the accumulation in
’ Department of Neurosciences, Rehabilitation, Ophthalmology, Genetic plasma and ]ysosomes of various glycosphingolipid sub-

and Maternal and Infantile Sciences, University of Genoa, Genoa, Italy . . . .
1RCCS Ospedale Policlinico San Martino, Geno, Italy strates, particularly globotriaosylceramide (Gb3) and its

deacylated form globotriaosylsphingosine (LysoGb3)

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom-
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12882-023-03388-8&domain=pdf

Esposito et al. BMC Nephrology (2023) 24:344

and, to a lesser extent, galabiosylceramide (Gb2) and
blood group B substances, which may lead to progressive
organ damage and reduced life expectancy [2].

Fortunately, in view of the severity of the disease, specific
therapies are now available. Indeed, FD can be treated with
enzyme replacement therapy (ERT) using IV infusions of
agalsidase alfa or beta or, in selected cases, with migalastat,
an oral chaperone that increases the enzymatic activ-
ity of a-gla in patients carrying amenable mutations [3].
These treatments, the choice of which is influenced by the
patient’s characteristics (gender, type of mutation, residual
enzyme activity, and type of genetic variant) and clinical
manifestations (symptoms and organ involvement), may
improve the quality of life by reducing subjective symp-
toms and disease burden, even in patients with cardiac
or renal involvement [4, 5]. However, the benefits of ERT
seem to be dependent on the timing of diagnosis, since
early initiation of therapy is associated with its long-term
success, while treatments are less effective in patients with
advanced organ damage [6, 7]. Thus, correct, and timely
diagnosis of FD is crucial for proper management of these
patients. Nevertheless, diagnostic latency is one of the
most relevant culprits in the management of FD [8]. The
diagnosis of FD is often delayed due to the high heteroge-
neity of the disease, which may present during childhood
or later (because of its genetic background) with different
signs and multiple organ involvement developing in vari-
able temporal sequences [9].

This is also valid for renal involvement, which repre-
sents one of the main causes of disability and death in
patients with FD. The most common renal manifesta-
tions include proteinuria, hypertension, and progressive
chronic kidney disease (CKD). Although the severity
and clinical impact of renal dysfunction in FD is clear, it
should be recognized that these manifestations are not
specific, because proteinuria, CKD, and hypertension,
are hallmarks of many nephropathies, such as diabetes
kidney disease and glomerulonephritis.
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Furthermore, beyond the low specificity of the signs of
Fabry nephropathy, a further pitfall to early suspicion and
diagnosis of FD in patients with kidney alterations is the
eventuality of the coexistence of FD with other nephropa-
thies, which has been occasionally reported.

All these factors may make a diagnosis of FD challenging
in a patient presenting with signs of kidney disease [10].

Herein, through the description of a unique case of
concurrent autosomal dominant polycystic kidney dis-
ease (ADPKD) and FD, we review and discuss renal
involvement in FD, highlighting the challenge posed by
often overlooked conditions when multiple kidney dis-
eases coexist.

Moreover, we provide suggestions on the clinical,
laboratory, and histological elements that may help in
improving diagnostic skills, emphasizing how aware-
ness of the disease, a complete physical examination, and
the combination of the different findings are essential to
achieve proper and timely diagnosis.

Renal involvement in FD

As for other organ manifestations of FD, renal damage
may onset early or late during the history of the disease
(Table 1). Considering the glomerular function, in the
early phases of the disease, mild albuminuria and hyper-
filtration have been reported [11]. However, glomerular
filtration rate (GFR) calculation should be interpreted
with caution since creatinine-based equations, com-
monly used for estimating GFR (eGFR), may be inaccu-
rate. This is the reason why, while eGFR may represent a
suitable initial test, expert panels recommend performing
direct GFR measurements at least annually (e.g., iohexol
GFR) to accurately assess the kidney function in patients
with ED [5].

Later, evaluating the natural history of the disease in
a cohort of 105 untreated male patients, Branton et al.
found that 82% of patients develop clinically manifest pro-
teinuria at a mean age of 34+ 10 years, while nephrotic

Table 1 Main clinical manifestation of Fabry nephropathy in males with classical phenotype®

Blood pressure

Low levels in patients with normal kidney function, higher prevalence of hypertension

with increasing age and in patients with CKD (mostly for GFR <60 ml/min/1.73 m?)

Kidney function
Tubular manifestations
Urinalysis

Hyperfiltration in early phases®, then progressive decrease in GFR, up to CKD and ESKD
Distal renal tubular acidosis, isosthenuria, Fanconi syndrome, nephrogenic diabetes insipidus
Microalbuminuria in early phases, then clinically manifest proteinuria Nephrotic syndrome

in adulthood (18% of untreated patients)

Hematuria
Urine Microscopy
Ultrasound

Maltese crosses; Urinary mulberry cells; podocyturia
Renal cysts (mainly parapelvic)

Abbreviations: CKD chronic kidney disease, eGFR glomerular filtration rate, ESKD end-stage kidney disease

2 In patients with late-onset form, attenuated disease, or in females, clinical manifestations may be delayed or mild

b Hyperfiltration should be confirmed by measured GFR rather than creatinine-based estimation methods
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proteinuria may be seen in 18% of patients, starting at the
age of 40+ 7 years [12]. High-grade proteinuria was often
accompanied by CKD (defined as GFR<60 ml/min/1.73
m?2) that in 23% of the patients led to the development
of end-stage kidney disease (ESKD) at a median age of
47 years (range, 21-56 years). However, these manifesta-
tions cannot be generalized because clinical presentation,
and outcomes, may greatly vary according to age of onset,
gender, genetic background, and residual enzyme activ-
ity [13]. Thus, for example, while blood pressure, because
of autonomic dysfunction, may be low during the first
phases of the disease [14], it may increase thereafter. The
actual prevalence of hypertension in FD is unknown, but
related factors include age, level of proteinuria, underlying
proinflammatory environment, genetic factors, and kid-
ney dysfunction [15]. In particular, a prevalence of hyper-
tension of 80% has been found in untreated patients with
GFR <60 ml/min/1.73 m2 [16, 17].

A characteristic aspect reported in FD patients is the
high incidence of renal cysts, mainly parapelvic, whose
pathogenesis and clinical significance are unknown [18].
Urinalysis and urine microscopy, apart from albuminuria
and proteinuria of different degrees, may show hematuria
and peculiar features, such as “Maltese cross” particles
seen at the polarized microscope and urinary “mulberry”
cells, which are both expressions of the accumulation of
Gb3 in epithelial cells [19, 20]. Moreover, in the presence
of glomerular injury, podocyturia may also be detected
[21]. However, these tests are of limited value because
they are not pathognomonic for FD and are problem-
atic to evaluate in routine laboratory examinations.
Finally, although seen less frequently, tubular manifesta-
tions, such as distal renal tubular acidosis, isosthenuria,
nephrogenic diabetes insipidus, and Fanconi syndrome,
have also been documented [22—-24]. Overall, it must be
underlined that signs of FD nephropathy are not specific
to FD and are commonly found in other pathological
conditions, such as diabetic kidney disease and primary
glomerulonephritis, which may coexist with FD [25].

Clinical case
This unique case involves a 52-year-old man who under-
went kidney transplantation at 35 years of age because of
end-stage renal disease caused by autosomal dominant
polycystic kidney disease (ADPKD). The patient’s father
had renal cysts and died at the age of 60 of myocardial
infarction, while one of two patient’s younger sisters pre-
sented with cortical and parapelvic renal cysts with nor-
mal kidney function.

In addition, he had paternal cousins with renal cysts.
In his childhood, the patient reported suffering from
burning in his feet and hands. At the age of 16 years, he
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was hospitalized for macrohematuria, proteinuria, and
fever. At that time, immunological tests were negative,
and serum creatinine was normal. Ultrasound imag-
ing showed multiple liver cysts, and increased kidney
volume with multiple bilateral parapelvic and cortical
cysts. Hence, a clinical diagnosis of ADPKD was made.
Subsequently, the patient developed hypertension and
progressive CKD. In 2002, at the age of 33 years, main-
tenance hemodialysis was started and in 2004 the patient
underwent kidney transplantation. There were no com-
plications of the transplant surgery. Immunosuppres-
sive treatment included tacrolimus, mycophenolate
mofetil, and steroids. At discharge, serum creatinine
was 167 pmol/L with associated proteinuria of about
200 mg/24 h. These values remained stable throughout
the follow-up period, and no kidney biopsy was per-
formed after the transplantation.

At the age of 48 years, i.e., 15 years after the transplan-
tation, the patient presented with repeated episodes of
atypical chest pain. ECG showed negative T waves in the
inferior and lateral leads, ST elevation in V1-V3, supraven-
tricular premature beats, and short PR interval (Fig. 1).

The echocardiogram revealed a non-dilated left ventri-
cle with marked concentric hypertrophy (left ventricular
mass index 219.3 g/m? relative wall thickness 0.837) and
ground glass appearance, preserved kinesis and systolic
function, advanced diastolic dysfunction with signs of
elevated left ventricular filling pressures, moderate mitral
regurgitation (in the presence of systolic anterior motion
of the mitral valve anterior leaflet), normal right ventricle
and trivial pericardial effusion) (Fig. 2).

A 24-h ECG monitoring showed rare ventricular pre-
mature beats and frequent supraventricular single prema-
ture beats with a few couples and short runs. Laboratory
examinations showed that troponin and BNP values were
slightly raised to 70 ng/dL (normal value<19 ng/dL)
and 250 pg/dL (normal value<100 pg/dL), respectively.
Immunofixation of serum and urine to rule out amyloi-
dosis was negative. At that time, cardiac magnetic reso-
nance was not performed due to concerns regarding the
presence of metal plates inserted in his skull after a road
accident 20 years earlier. Based on these findings, a diag-
nosis of hypertrophic cardiomyopathy was made. At the
age of 50 years, the patient presented with a recurrence of
cardiac symptoms characterized by frequent palpitations
and shortness of breath. Twenty-four-hour ECG moni-
toring and echocardiographic findings were unchanged.
In addition, for the first time, angiokeratomas on the
patient’s abdomen were observed. Therefore, consider-
ing these new findings, and based on the patient’s history,
enzymatic and genetic studies were performed for FD.

The activity of a-gla in whole blood measured by
dried blood spot (DBS) was found to be extremely
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Fig. 1 ECG showing short PR interval (108 ms) [red circle], deep negative T waves in inferior (II, Ill, aVF) and lateral leads
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Fig. 2 Echocardiographic views. Parasternal long-axis

(A), parasternal short axis (B) and apical four chambers (C, frames taken during diastole). The

exam revealed the presence of non-dilated left ventricle affected by marked concentric hypertrophy with ground glass appearance

low (0.2 nmol/ml/h; normal range>3) and associ-
ated with significant accumulation of LysoGb3 in
plasmall7.19 nmol/l (normal range<2.3). Sanger
sequencing of the GLA gene showed the c.1072 G>A
nucleotide substitution in exon 7, which determines the
amino acid substitution p. Glu358Lys. This variant is
associated with the classical phenotype of FD [9]. There-
fore, 16 years after kidney transplantation, the patient
received a diagnosis of FD (Fig. 3).

Considering this diagnosis, cardiac and skin alterations
and symptomology were retrospectively attributed to FD.
As well, it was possible that the development of ESRD
was due in part to FD.

To complete the clinical framework, we performed an
ophthalmological examination that highlighted the pres-
ence of cornea verticillata. A neurological visit did not
reveal symptoms attributable to peripheral neuropathy,
while otolaryngological evaluation found bilateral hear-
ing loss on high frequencies. Finally, once the compat-
ibility of metal plates was established, brain magnetic
resonance imaging did not show any abnormalities.

After completion of the diagnostic workup, the patient
started ERT with algasidase beta at a dose of 1 mg/
kg body weight every two weeks. Screening for FD was
offered and performed on the patient’s relatives within a
genetic counselling framework. Both of the patient’s sis-
ters tested negative for the FD familial variant. However,
as expected by X-linked inheritance of the disease both
daughters (9 and 14 years old) were carriers and pre-
sented normal enzyme activity with low LysoGb3 accu-
mulation (Table 2). Interestingly, the patient’s mother
was negative for the ¢.1072 G > A substitution; thus, sug-
gesting a de novo origin of the variant.

The index patient underwent also genetic testing
for confirmation of ADPKD, which was considered
the cause of renal dysfunction for the first 50 years of
his life. Genetic testing by next-generation sequenc-
ing identified a pathogenic variant of the polycystin 2
(PKD2) gene. Specifically, the patient was heterozygous
for the ¢.709+ 1G> C substitution in intron 2, result-
ing in a loss of the splicing site [27]. The patient’s father
had died at the time of the family screening, while the
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Diagnosis Clinical diagnosis ADPKD FD diagnosis

i Hypertrophic ; FD workup

f cardiomyopathy f Family screening

; ; Genetic diagnosis of ADPKD

3 f ERT initiation

' CKD ——— HD —s Kidney transplantation f
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| Chest pain i
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Fig. 3 Timeline of main clinical manifestations and events of the index case. Abbreviations: ADPKD, Adult dominant polycystic kidney disease; FD,
Fabry disease; CKD, chronic kidney disease; HD, hemodialysis; ERT enzyme replacement therapy

Table 2 Enzymatic and genetic testing for Fabry disease in the index case and family screening

Patient No Sex Age Kinship Mutation in GLA gene Alpha-galactosidase A LysoGb3
activity (nmol/ml/h) in plasma
Normal range: > 3.0 (nmol/l)
Normal
range:<2.3
1 M 51 Index Case p.E358K hemizygote 0.2 117.19
2 F 14 Daughter of Index Case p.E358K heterozygote 1.9 6.74
3 F 9 Daughter of Index Case p.E358K heterozygote 12.1 382
4 F 49 Sister of Index Case wt 16.0 1.15
5 F 45 Sister of Index Case wt 202 1.15
6 F 72 Mother of Index Case wt 17.3 1.40

Abbreviations: LysoGb3 globotriaosylsphingosine, GLA alpha-galactosidase A, WT wild type

Methodology: the enzyme activity of alpha-galactosidase was performed in whole blood was performed using dried blood filter paper; the determination of LysoGb3
in plasma was performed by tandem mass spectrometry (MS/MS) [26]; genetic analysis of the GLA gene was performed by Sanger sequencing

mother was not tested for ADPKD because she pre-
sented normal kidney function and without renal cysts
at ultrasound. Moreover, genetic testing was not per-
formed on the patient’s daughters because they were
very young and asymptomatic. Our final diagnosis was
the co-occurrence of two distinct genetic diseases,
namely ADPKD and FD. The former was likely inher-
ited from the paternal line, while FD was likely due to a
de novo mutation in the patient himself.

The challenge of multiple kidney diseases

Although the present case represents one of the first
descriptions of the extremely rare association of
ADPKD with FD, beyond the unicity of the specific case,
it allows us to make some considerations that can be

generalized. First, our patient’s clinical history demon-
strates that multiple unrelated inherited kidney diseases
(IKDs) may coexist in the same individual with differ-
ent patterns of inheritance. Apart from patients affected
by a single IKD, rare cases of multiple IKDs in the same
individual have been described. The concomitance of
ADPKD and hereditary renal hypouricemia type 2 [28]
or Alport syndrome (AS) [29] have been documented,
as well as the coexistence of FD with AS [30, 31].

In the literature, there have been reports of FD coex-
isting with other genetic or acquired nephropathies
(Table 3). Although each single case represents a rare
event, together these reports emphasize that FD should
not be ruled out in the diagnostic workup of patients
with renal diseases. Johar et al. reported on a patient
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with concomitant polycystic kidney disease [32]. In
addition to Fabry symptoms caused by the ¢.730G>A
(p-Asp244Asn) mutant of the GLA gene that was diag-
nosed at the age of 34 years, this patient presented with
polycystic kidney disease with multiple simple and com-
plex cysts at 60 years of age. Molecular testing revealed a
variant of unknown significance in the PKDI gene.

In addition to genetic disorders, FD has been reported
to coexist with several types of nephropathies including
crescentic glomerulonephritis, membranous nephropa-
thy, minimal change disease (MCD), and IgA and IgM
nephropathy. Singh et al. reported on two cases of
necrotizing and crescentic glomerulonephritis with
coexisting FD [41]. Both patients presented with fever
of unknown origin and progressive renal impairment,
although other pathognomic signs of FD such as dyshi-
drosis, acroparesthesias, and cutaneous angiokeratomas
were absent. A case of crescentic glomerulonephritis in
a 58-year-old woman with FD was also reported who
developed progressive renal insufficiency [42]. Another
case of crescentic glomerulonephritis was described
in a 26-year-old woman with fever of unknown origin
and renal failure [43]. Of note, the patient’s brother was
also found to have FD associated with tubulointerstitial
nephritis.

A few cases of superimposed FD and membranous
nephropathy have been reported. Liu et al. published
the case of a 21-year-old man who presented with pro-
teinuria and stage 1 membranous nephropathy [38].
FD was diagnosed by low a-gla activity in plasma and
genetic testing which revealed a hemizygous muta-
tion in the GLA gene. In another rare case, FD was
reported to coexist with membranous nephropathy in a

Table 3 Cases of kidney diseases superimposed with Fabry
disease as reported in the literature

Cases (n) Reference(s)

Genetic disorders

ADPKD 12 [28]

Alport 1 [29]

Polycystic kidney disease 1 [32]
Podocytopathies

MCD 2 [33,34]
Immuno-mediated diseases

IgAN 4 [35-37]

Membranous nephropathy 3 [38-40]

Crescentic glomerulitis 4 [41-43]

IgMN 1 [44]

Abbreviations: ADPKD autosomal dominant polycystic kidney disease, MCD
minimal change disease, IgAN IgA nephropathy, lgMN IgM nephropathy

2To add the case reported in this paper
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30-year-old male presenting with nephrotic proteinuria
[39]. The diagnosis was aided by electron microscopy
which showed zebra bodies in podocytes, as well as
low a-gla activity and genetic testing showing a single
base deletion in exon 7 of the GLA gene. More recently,
another rare case of FD and membranous nephropathy
was reported in a 22-year-old man with FD present-
ing with proteinuria during ERT [40]. Membranous
nephropathy was confirmed by renal biopsy. Moreo-
ver, some cases of FD superimposed with MCD have
been described. Even in these cases, as for membranous
nephropathy, patients presented with nephrotic syn-
drome, suggesting that in patients with FD this con-
dition, which is an uncommon presentation of Fabry
nephropathy, deserves special attention and proper
investigations [33, 34].

In addition, several cases of FD and coexisting IgA
nephropathy have also been published [35]. Chao et al.
presented the case of a 49-year-old man with foamy urine
lasting for years [36]. Of note, the patient also reported
intermittent severe burning pain in both hands during
childhood. Diminished sweating and exertion were fur-
ther reported along with pigmented papules in the groin
area after puberty. Kidney biopsy revealed focal seg-
mental endocapillary and mesangial proliferation with
focal segmental glomerulosclerosis. Thus, the patient
had many tell-tale signs including zebra bodies in podo-
cytes under electron microscopy. Yin et al. reported on
two cases of FD and IgA nephropathy [37]. Both patients
presented with proteinuria and were diagnosed with
IgA nephropathy upon admission with no suspicion of
FD. Histology of renal biopsy showed vacuolation of
podocytes with mild mesangial expansion, which raised
suspicion of FD that was later confirmed by lack of
a-galactosidase A activity in both patients.

Lastly, a single case of FD with coexisting IgM nephrop-
athy has been documented [44]. The case was that of a
54-year-old woman who presented with proteinuria, but
without clinical signs or family history of FD. Diagnosis
of FD was obtained through the use of light and electron
microscopy, immunostaining for IgM of renal biopsy, and
genetic testing.

Taken together, these cases highlight that a complex
clinical presentation can hide the coexistence of differ-
ent diseases, even in patients with an established diagno-
sis. Such coexisting conditions can make diagnosis of FD
even more challenging, such as in our index case who did
not present with a family history of FD and had another
rare disease underlying renal failure.

An open question remains the potential mutual contri-
bution of concurrent kidney diseases on the pathogenesis
and evolution of kidney dysfunction. Indeed, one can
speculate that the chronic inflammatory environment
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present in FD may augment the risk of developing and
progression of other kidney disorders [45]. For exam-
ple, in our index case it is not possible to exclude that
the coexistence of FD accelerated the progression of the
underlying PKD2-related ADPKD, which typically pre-
sents with mild kidney disease [46]. Unfortunately, the
limited clinical experience and the absence of mechanis-
tic studies do not allow sound conclusions on this issue.

When to suspect FD in patients with kidney disease
Given the unspecific signs of renal involvement in FD
and the possibility of the coexistence of other kidney dis-
orders, it seems essential for the clinical nephrologist to
find elements to guide differential diagnosis and suspect
ED in patients with alteration of the kidney function and/
or urinalysis (mainly albuminuria). Indeed, paradoxi-
cally, due to the availability of feasible tests evaluating
enzyme activity, LysoGb3 accumulation, and eventually
the presence of GLA gene mutations, the main limitation
to early diagnosis is clinical suspicion of the disease [47].
Suspicion of Fabry-related nephropathy can be guided
by several aspects. Firstly, at least in males, FD should be
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considered in patients with (even mild) proteinuria and
a more rapid loss of kidney function than the normal
adult population (loss of eGFR>-1 ml/min per 1.73 m2/
per year) [48]. Clinical history must be taken with spe-
cial attention to family history, especially of the maternal
branch, for nephropathy, kidney failure, or other altera-
tions that could be linked to FD [49].

In addition, extrarenal signs and symptoms must be
evaluated, starting from subjective signs, such as acro-
paresthesias, anhidrosis [49], history of burning or hot
pain in hands and feet, and exercise, heat, or cold intoler-
ance. Systemic organ involvement may manifest as ECG
abnormalities, such as short PR interval, left ventricular
hypertrophy, arrhythmia, history of early cerebrovascular
disease, skin lesions (angiokeratomas), cornea verticil-
lata, and peripheral neuropathy (Fig. 4) [50].

All these signs have been considered by some authors as
“red flags” in addressing the suspicion of FD and should
be taken into consideration when evaluating a patient
with kidney alterations [51]. However, it is not a gen-
eral rule since these signs are not so specific (for exam-
ple, cornea verticillata also represents a manifestation of

Classic FD Central nervous system
Strokes, transient
ischemic attacks (TIA)
General
Fatigue and/or
exercise intolerance Cardiac
- .
16 E‘. Left vem‘ncular h yper[ro,lvhy, )
K( j conduction defects, cardiac fibrosis
with arrhythmia
$ Renal
" F Y Albuminuria, proteinuria,
Gastro-intestinal e\ B chronic kidney disease
Abdominal pain, o X /]
diarrhoea Y
Skin R
Angiokeratomas, *
lymphedema

Peripheral nervous system
Acroparesthesia

Fig. 4 Multiorgan involvement in a classic Fabry patient. Reproduced under the terms of Creative Commons CC BY from Germain DP, Levade T,
Hachulla E, Knebelmann B, Lacombe D, Seguin VL, et al. Challenging the traditional approach for interpreting genetic variants: Lessons from Fabry

disease. Clin Genet. 2022;101(4):390-402. [50]
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amiodarone-related keratopathy, or drug-induced phos-
pholipidosis [52]). Moreover, it should be underlined that
not all FD patients, including those with the classic phe-
notype, have complete expression of these features, and
thus their absence should not exclude FD as a potential
diagnosis. In addition, the extent of the disease manifes-
tations and their temporal evolution (including kidney
involvement) may vary among patients and be affected by
sex, age, and classical/late-onset/attenuated disease phe-
notype [53]. Notably, together with the well-character-
ized above-reported signs, currently, it seems conceivable
to suspect FD even in patients presenting with reduced
kidney function and proteinuria associated with the find-
ing of parapelvic cysts on ultrasonography [54]. Although
the central role of clinical evaluation in suspecting FD,
it should be recognized that, as in other nephropathies,
the most reliable exam to render a diagnosis is kidney
biopsy. By light microscopy, FD may present with a quite
normal picture or different degrees of glomerulosclero-
sis, both segmental and global, interstitial fibrosis, tubu-
lar atrophy, and thickening of the vascular walls. These
findings are common to most glomerular diseases, so
they may be not of help in addressing clinical suspicion
of FD. Instead, a peculiar aspect that can be found in
the biopsy of a patient with FD is the presence of intra-
cytoplasmic accumulation of lipids mainly in podocytes
(foamy podocytes) and vacuolation in different cells [55].
These lesions are the consequence of GL3 accumulation,
although they may also be present in other conditions,
such as drug-related nephrotoxicity or other lysosome
storage disorders [56, 57]. Notably, at light microscopy,
GL3 deposits are well observable with toluidine blue
staining. At immunofluorescence microscopy, nonspe-
cific IgM or C3 deposits may be detected in areas of scle-
rosis. Moreover, immunofluorescence can be positive in
the presence of superimposed glomerulonephritis.

Finally, electron microscopy is a fundamental tool
to make a proper diagnosis of renal involvement in FD,
even when other nephropathies are suspected or super-
imposed. Indeed, electron microscopy allows the direct
identification of GL3 deposits, which may be seen in all
cells, mainly podocytes and endothelial cells, as electron-
dense lamellar bodies that have been described as “mye-
lin bodies,” “onion skin,” or “zebra bodies” [58]. Lamellar
bodies are cellular inclusions within lysosomes frequently
appearing as intracellular concentric structures contain-
ing deposits of undegraded lipids.

However, these lesions are not specific for FD; indeed,
these concentric bodies are also typical for lysosomal
storage disorders (mucolipidosis type 2, GM1 gangli-
osidosis, Hurler’s disease, or Niemann—Pick), as well as
drug-induced phospholipidosis [59]. In particular, the
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last condition deserves special attention in making a dif-
ferential diagnosis of FD nephropathy. Drug-induced
phospholipidosis is a form of acquired lysosomal storage
disease characterized by intracellular accumulation of
phospholipids with lamellar bodies because of the use of
drugs that impair phospholipid metabolism of the lyso-
some [60]. These drugs include antibiotics, antidepres-
sants, antipsychotics, antimalarials (such as chloroquine),
and antiarrhythmics (such as amiodarone) [61].

This condition may represent a phenocopy of FD, espe-
cially in patients without a family history of FD, since
beyond similar histological findings, patients with drug-
induced phospholipidosis may present analogous clini-
cal (including cornea verticillata) and biochemical features
(such as low alpha-galactosidase activity, and elevated
lysoGb3 circulating levels). In these cases, only proper
genetic analysis may specifically allow FD nephropathy [62].

Finally, it should be noted that even if electron micros-
copy reveals diagnostic features of FD nephropathy, the
limited use of this technique in clinical practice reduces
its impact on the diagnosis of FD. Consequently, wider
use of electron microscopy may constitute one of the fac-
tors that could facilitate the diagnostic approach to FD
nephropathy.

Considering all the aspects briefly discussed here,
it seems clear that a suspicion of FD nephropathy in a
patient with kidney disease, rather from the evidence of a
single pathognomonic sign, may emerge by the combina-
tion of multiple clinical, laboratory, and histological find-
ings (Fig. 5). Interestingly, as also demonstrated by the
clinical case reported herein, such an approach could also
be applied to the study of patients with ESKD.

Obviously, in this setting, urinalysis and kidney biopsy
are unreliable, but accurate history (evaluating personal
and familial history), as well as the assessment of multi-
organ dysfunction, may equally address FD diagnosis.
Once suspected, FD screening procedures include the
analysis of a-gla enzyme activity in males and the search
for GLA mutations in women [47]. Enzymatic activity
may be tested on plasma, isolated leukocytes, or whole
blood using DBS [63]. However, gene mutation analysis
is mandatory for the diagnosis. Initial tests include an
evaluation of plasma or urinary levels of LysoGb3, which
could be useful also for monitoring the patients [64].
As a second step, systemic evaluation of organ damage
should be warranted for all patients, through a complex
workup, aiming to define indications, timing, modality,
and monitoring of the specific treatment. The description
of diagnosis and treatment strategies, such as long-term
management of FD, is outside the scope of the present
paper and may be found in focused expert opinions and
guidelines [65].
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Signs of organ damage
(manily cardiaic and neurologic)

Subjective symptoms
of unkown origin

Highly-suggestive signs: ‘
cornea verticillata,
angiokeratomas ‘

Suspicion of FD ‘
nephropathy
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Progressive loss of the kidney
Sfunction and proteinuria

Family history (nephropathy or
other FD-related symptoms)

Urine microscopy:
‘ Maltese cross, podocyturia

IF:
Maltese cross at polarized light

LM:
cell vacuolization, foam cells

Kidney biopsy

Ultrasonography:
Multiple parapelvic cysts

EM:
osmiophilic lamellated inclusions

Fig. 5 Summary of elements that may suggest a diagnosis of Fabry nephropathy in patients with kidney dysfunction and albuminuria. EM

is the most important single examination leading to FD nephropathy diagnosis, beyond specific genetic and functional tests. Age of onset/severity
and disease course may vary depending on gender, (better in heterozygote females than in males), residual a-gla activity and specific mutation

on GLA gene. Abbreviations: LM. Light microscopy; EM, electron microscopy; IFG, immunofluorescence. *Many clinical signs and laboratory

and histological features may be common to other lysosome storage disorders or drug-induced phospholipidosis

Conclusions

The awareness that renal signs in FD are nonspecific and
of the possible coexistence of FD with other kidney dis-
eases is extremely important since correct and timely
diagnosis of FD is crucial for the proper management of
these patients, also considering the availability of specific
therapies. Indeed, early treatments may result in better
biochemical response and slower progression of coex-
isting cardiac and renal disease [66—68]. An additional
benefit of FD recognition is the possibility of performing
family screening to allow early diagnosis of FD, thus per-
mitting appropriate monitoring and treatment of the dis-
ease before the appearance of irreversible organ damage
[69, 70]. To achieve these objectives, we need to improve
diagnostic skills, first increasing understanding of the
pathogenesis of FD and its presentation and considering
FD in the differential diagnosis of kidney disease, even if a
diagnosis is already available. Such an approach can aid in
earlier diagnosis, genetic counseling, and administration
of treatments that can improve long-term outcomes [71].
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