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associated with thin nerve fiber involvement oc-
cur, such as impaired perspiration (hypohidro-
sis, anhidrosis), abdominal pain, and diarrhea. 
Characteristic symptoms of the classic form also 
include angiokeratoma-type cutaneous lesions 
and corneal opacities (cornea verticillata).1 Even 
in childhood, clinically silent proteinuric chron-
ic kidney disease (CKD) may occur with micro-
albuminuria or glomerulosclerosis. Multiorgan 
symptoms of the classic form of FD usually ap-
pear in young adults and may include CKD, left 
ventricular hypertrophy, myocardial fibrosis, ar-
rhythmias and conduction abnormalities, tran-
sient ischemic attack, and stroke. People with 
late-onset FD typically experience cardiac symp-
toms, stroke, or CKD in the fourth or fifth decade 
of life.1 The classic form is an early-onset multi-
system disease that usually presents with cornea 
verticillata and angiokeratomas. In contrast, the 
nonclassic form has a later onset and usually af-
fects a single organ, most often the heart; angio-
keratomas or cornea verticillata is rare.

The progression of cellular and organ chang-
es is observed in the course of FD. Metabolite 
accumulation begins as early as in the fetal peri-
od, leading to the involvement of numerous tis-
sues and severe organ damage (FIguRE 1).4 The life 

Introduction Fabry disease (FD; Online Mende-
lian Inheritance in Man, OMIM #301500) is a rare 
inherited genetic lysosomal storage disease caused 
by mutations in the GLA gene on the X chromo-
some, which results in a lack or significant defi-
ciency of the lysosomal enzyme α-galactosidase 
A (α-GAL A). This deficiency leads to the accumu-
lation of glycosphingolipids (mainly globotriao-
sylceramide [GL-3] and its deacylated form, glo-
botriaosylsphingosine [lyso-GL-3]) in numerous 
cells of the body as well as to the development of 
multisystem complications that impair the quali-
ty of life and result in premature death (TAbLE 1).1

The clinical picture of FD is diverse and de-
pends on the α-GAL A activity. A complete lack 
of or only trace α-GAL A activity (<5%) under-
lies the classic form of the disease, which mainly 
affects male patients. People with partially pre-
served enzymatic activity develop the nonclas-
sic late-onset form of FD. The onset and severi-
ty of symptoms in women primarily depend on 
the random pattern of inactivation of one of the 
two X chromosomes.2,3

The first symptom of the classic form of FD, al-
ready seen in early childhood, is chronic or parox-
ysmal neuropathic pain in the hands and feet, de-
fined as acroparesthesia. Later, other symptoms 
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Nephrology, and Polish Society of Neurology. Al-
though disease-specific treatments for FD include 
other treatments than enzyme replacement ther-
apy (ERT; eg, migalastat), only ERT is currently 
reimbursed in Poland. This position paper aims 
to provide practical recommendations for physi-
cians who treat patients with FD in Poland; there-
fore, the main focus is ERT.

Diagnosis of Fabry disease Due to the lack of spe-
cific symptoms indicating FD, the diagnostic pro-
cess is difficult and can last many years. To diag-
nose FD, both the clinical picture and the results 
of enzymatic, biochemical, and genetic tests must 
be considered.10,11 Most symptoms of FD, includ-
ing hypertrophic cardiomyopathy, proteinuric 
CKD, and ischemic stroke, are nonspecific and 
have a wide differential diagnosis. The identifi-
cation of certain symptoms such as cornea ver-
ticillata by a slit lamp or the histopathologic con-
firmation of angiokeratoma has greater diagnos-
tic significance.10,11

To diagnose the disease, the α-GAL A activity is 
measured in whole blood (dried blood spot meth-
od), plasma, or leukocytes. An activity of less than 
5%, usually found in men with the classic form of 
the disease or in homozygous women, definitely 
indicates FD. However, testing for α-Gal A activity 

expectancy of men with FD is shorter by 15 to 
20 years, and that of women, by 6 to 10 years, as 
compared with the average life expectancy of the 
population.5 It should be emphasized that even in 
the stage of late complications, the diagnosis of 
FD is difficult. Chronic kidney disease as well as 
cardiac and neurologic symptoms are widespread 
in the general population and are usually caused 
by common civilization diseases.

The estimated prevalence of FD in the gener-
al world population is 1/100 000. The prevalence 
of FD reported in Polish studies is 2.5/100 000 
in the entire population: 1/40 000 in men and 
0.85/100 000 (1/117 000) in women.6-8 In men, 
the prevalence of the classic mutations that re-
sult in no detectable α-GAL A activity is about 1 
in 20 000 to 45 000. The prevalence of the non-
classic mutations, with some α-GAL A activity, is 
about 10-fold higher. In women, the prevalence 
of mutations is higher than in men (2:1 ratio) be-
cause FD is inherited with the X chromosome.

In Poland, there are no guidelines for the di-
agnosis and management of Fabry disease.9 This 
position statement was prepared by an inter-
disciplinary group of experts and approved by 
the Boards of the Polish Cardiac Society, Polish 
Society of Inborn Errors of Metabolism, Polish 
Society of Internal Medicine, Polish Society of 

TAbLE 1 The most common renal, cardiac, neurologic, and other complications associated with Fabry disease (based on Ortiz et al)11

Renal complications Cardiac complications Neurologic complications Other complications

Pathological albuminuria/
proteinuria

Reduced glomerular filtration rate
Chronic kidney disease leading to 

renal insufficiency
Hypertension
Premature death

Left ventricular hypertrophy
Heart arrhythmia (ventricular 

arrhythmia, atrial fibrillation, 
bradycardia)

Myocardial fibrosis
Ischemia, myocardial infarction
Valvular defects (mitral, aortic 

regurgitation) 
Reduced exercise tolerance
Heart failure
Premature death

Neuropathic pain (chronic, pain 
crises)

Stroke, transient ischemic attack 
White matter lesions in the brain

Hearing loss
Depression
Autonomic system disorders: 

gastrointestinal disorders 
(diarrhea, nausea, postprandial 
pain); sweating disorders

Premature death

Angiokeratoma-type skin lesions
Cornea verticillata, retinal/

conjunctival vascular changes
Cataract
Dyspnea, dry cough, sleep 

breathing disorders
Moderate facial dysmorphia
Osteopenia, osteoporosis
Lymphoedema

FIguRE 1 Progression 
of Fabry disease (modified 
from Clin Ther. Vol. 29 
Suppl A, Wanner C, Fabry 
disease model: a rational 
approach to the 
management of Fabry 
disease: S2-5. © 2007 
Excerpta Medica, Inc, 
with permission from 
Elsevier Inc. (Reuse must 
be cleared with Elsevier 
Inc.)4
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accumulation of glycosphingolipids in cardio-
myocytes, ischemic lesions associated with the 
involvement of small vessels, and inflammation 
contribute to the concentric left ventricular hy-
pertrophy and subsequent fibrosis. Hypertro-
phy of the left ventricle, observed in about 50% 
of men and 30% of women, is most often diag-
nosed from the third decade of life onwards.16 
With disease progression, irreversible changes 
occur, including fibrosis.21

Cardiac hypertrophy can be assessed with elec-
trocardiography, echocardiography, and cardiac 
magnetic resonance imaging (MRI), while left 
ventricular myocardial fibrosis can be evaluat-
ed by late gadolinium enhancement in MRI. The 
earliest cardiac manifestation of FD is the ini-
tial shortening and then prolongation of the PR 
interval, bradycardia, progressive atrioventric-
ular and intraventricular conduction disorders, 
and cardiac hypertrophy. Many patients develop 
chronic heart failure with preserved ejection frac-
tion that decreases with disease progression. An-
gina is also frequently reported. Epicardial coro-
nary arteries are usually normal, but perfusion 
defects and slow coronary flow can be found on 
computed tomography angiography and myocar-
dial perfusion. Endomyocardial biopsy shows lu-
men narrowing of intramyocardial arteries due to 
hypertrophy and hyperplasia of smooth muscle 
and endothelial cells. Fibrosis of the intimal and 
medial layer22 and morphological lesions of the 
heart valves resulting in regurgitation are also fre-
quent complications of FD.22,23 In addition, myo-
cardial fibrosis increases the risk of life-threaten-
ing arrhythmias. The use of cardiac MRI native 
T1 mapping allows assessment of myocardial in-
volvement before left ventricular hypertrophy. 
The incidence of clinically significant ventricular 
arrhythmias is low, but there is a relatively high 
incidence of bradycardia and indications for pac-
ing.24 It is suspected that sudden cardiac death in 
FD is related to bradycardia.24

After the diagnosis of FD, 24- to 48-hour Holt-
er monitoring is recommended.24 Early detection 
of cardiac arrhythmias and conduction disorders 
allows the introduction of appropriate treatment 
in some cases, such as cardiac pacing or implant-
able cardioverter-defibrillator implantation or an-
tithrombotic treatment in atrial fibrillation. Some 
forms of arrhythmia may also be treated with ra-
diofrequency ablation.

Neurologic complications Fabry disease can af-
fect both the peripheral and central nervous sys-
tems. The cause of damage to the peripheral ner-
vous system is the accumulation of GL-3 depos-
its in the ganglia of the dorsal roots of the spinal 
cord. Along with small fiber neuropathy, it may 
manifest clinically as severe neuropathic pain in 
the hands and feet, both chronic and paroxysmal 
(pain crises). This is one of the first symptoms of 
the disease (red flag!), although it does not occur 
in all patients. Involvement of autonomic fibers 
may result in secretory problems (perspiration, 

alone is diagnostic only in men. In women, the 
α-Gal A activity may be normal or only slightly 
decreased; therefore, a disease-causing mutation 
in the GLA gene must be found to confirm the di-
agnosis. Genetic testing should be offered also to 
men in order to determine the disease form, en-
able family screening, and exclude benign poly-
morphisms associated with reduced α-Gal A activ-
ity (TAbLE 2).11 Additional diagnostic information to 
assess the pathogenicity of mutations (variants of 
unknown significance [VUSs]) and disease severity 
(in heterozygous women) can be obtained by mea-
suring disease biomarkers (especially plasma lyso-
-GL-3). Detection of GL-3 deposits by histopatho-
logic examination (of the heart, kidneys, skin) indi-
cates FD, but the results should be interpreted to-
gether with clinical, biochemical, and genetic data.

Renal complications Chronic kidney disease is a 
serious and frequent complication of FD. In the 
asymptomatic period, histopathologic examina-
tion may indicate the accumulation of glycosphin-
golipids in kidney cells, including podocytes as 
well as endothelial, mesangial, and renal tubular 
cells. Deposits of glycosphingolipids in the kid-
neys are present as early as in the fetal period.12,13 
Further progression of the disease leads to inter-
stitial fibrosis, glomerulosclerosis, and renal tu-
bular atrophy. These changes cause albuminuria 
and proteinuria as well as a progressive reduction 
of glomerular filtration followed by renal failure 
until the end stage is reached, requiring dialysis 
or renal transplant.11

The stage of CKD in FD should be assessed 
based on the glomerular filtration rate (GFR) and 
the severity of albuminuria. The Chronic Kidney 
Disease Epidemiology Collaboration equation 
is recommended to estimate the GFR.14 In chil-
dren, it should be determined with nuclear tech-
niques before deciding on treatment. A kidney 
biopsy may be helpful in the case of diagnostic 
doubts or to evaluate the effectiveness of ERT. 
The assessment and treatment of CKD in adult 
patients with FD should follow the general Kid-
ney Disease: Improving Global Outcomes 2012 
recommendations.14

Cardiac complications Cardiac complications 
of FD are frequent, affect about 40% to 60% of 
patients, both men and women, and are a sig-
nificant cause of premature mortality.15-20 The 

TAbLE 2 Diagnostic confirmation of Fabry disease

Men Women

Determination of α-GAL A activity (no / 
significant deficiency) in the dry blood 
spot test, plasma or peripheral blood 
leukocytes

Determination of lyso-GL-3 plasma levels 
in the dry blood spot test (plasma 
α-GAL A activity is usually within the 
reference range)

Genetic testing for the presence of a pathogenic mutation

Determination of the type of mutation to confirm the disease phenotype, exclude 
benign polymorphisms, or enable family screening (for the variant of uncertain 
significance, determination of pathogenicity based on clinical, biochemical, or 
histopathologic parameters and family history)
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of other causes, as well as coexisting renal and 
cardiac disease with a history of burning pain in 
the feet and hands, should lead to the diagnostic 
workup for FD. Fabry disease is also associated 
with neuropsychiatric problems such as depres-
sion and cognitive decline; therefore, antidepres-
sants may be helpful in symptomatic treatment.31

High-risk populations Published studies and 
guidelines indicate the need to perform diagnos-
tic testing for FD in patients with conditions or 
symptoms that are classic and frequent compli-
cations of this disease (TAbLE 3).28,32-36

Family screening and genetic counseling After es-
tablishing the diagnosis of FD, it is crucial to per-
form clinical and genetic screening of the patient’s 
family members. Typically, such screening reveals 
FD in several family members, who can benefit 
from early diagnosis and treatment. The diagnosis 
of FD causes much distress and raises many ques-
tions among patients and their families. Thus, 
genetic counseling provided by a geneticist with 
expertise in FD must be offered to explain the 
X -linked pattern of inheritance and the available 
diagnostic and management options. Apart from 
the information on the medical aspects of the dis-
ease, patients should receive psychological sup-
port when needed. Information on the methods 
of prenatal diagnosis should be given to patients 
who are planning to have children.11

Enzyme replacement therapy in Fabry disease In-
ternational standards and guidelines unequivo-
cally accept the use of ERT as an optimal and spe-
cific treatment for patients with confirmed FD. 
The treatment was shown to stop the progression 
of organ changes and stabilize or improve organ 
function (TAbLE 4).11,37 Studies have confirmed the 
beneficial effect of ERT both on the removal of 
GL-3 deposits from organs and lowering the se-
verity of the disease on biochemical evaluation 
(GL-3, lyso-GL-3 in plasma). The positive effect 
on intermediate endpoints, including reduction 
of albuminuria or proteinuria, estimated GFR, 
left ventricular mass, and pain severity, has also 
been confirmed.38,39 In addition, ERT (agalsidase 
beta) led to significant reductions in the clinical-
ly significant composite renal, cardiac, and neu-
rologic endpoint (–61%, P = 0.034, for the “per-
-protocol” population).40,41

Numerous clinical observations also indicat-
ed that the clinical effects depend on the stage of 
the disease in which ERT was initiated. The use 
of ERT in patients at a younger age, with less se-
vere organ damage, without irreversible compli-
cations, or without previous serious cardiovas-
cular events, resulted in more beneficial clinical 
effects.40,42-46

Currently, 2 human α-GAL A isoforms are 
available: agalsidase alfa (Replagal, Shire; Eu-
ropean Medicines Agency [EMA] approval, in 
2001) and agalsidase beta (Fabrazyme, Sanofi 
Genzyme; EMA approval in 2001, Food and Drug 

salivation, and secretion of tears), high temper-
ature hypersensitivity, abdominal pain, hypoto-
nia, and reduced exercise tolerability.25-27 The di-
agnosis of neuropathy is usually hampered by 
normal electroneurographic results. More ad-
vanced tests that are not routinely performed 
(due to unavailability in most neurophysiologi-
cal laboratories) are required, such as skin biop-
sy or laser -evoked potentials.

The mechanisms involved in central nervous 
system damage are not well understood, but 
changes in cerebral vessels and cardiac embo-
lism are thought to contribute to ischemic le-
sions in the brain.28 Fabry disease increases the 
risk of ischemic stroke (4.2-fold in the population 
of stroke patients aged 35–45 years), which usu-
ally occurs before the age of 50.29 Stroke can be 
both ischemic and hemorrhagic. Ischemic stroke 
is most often found in the vertebrobasilar region. 
The pulvinar sign (hyperintense signal in the T1 
MRI sequence) and enlargement of the basilar ar-
tery are sometimes observed. The distribution of 
ischemic lesions (white matter hyperintensities 
associated with small vessel disease) may be simi-
lar to those seen in multiple sclerosis or hyperten-
sive encephalopathy.30 Involvement of large ves-
sels is usually secondary to heart disease (cardio-
genic stroke). Early-onset stroke in the absence 

TAbLE 3 Special indications for diagnostic testing for Fabry disease

Chronic kidney disease, proteinuria, or albuminuria of unknown origin

Unexplained left ventricular hypertrophic cardiomyopathy

Transient ischemic attack or stroke in young people

White matter lesions with an unclear cause

Unexplained neuropathy of thin nerve fibers

Angiokeratoma or cornea verticillata

Family history of Fabry disease (indication for active family screening of patients with 
diagnosed disease; inheritance related to the X chromosome)

TAbLE 4 Effect of enzyme replacement therapy on clinical parameters in patients 
with Fabry disease (based on Germain et al,38 Germain et al,39 Banikazemi et al,40 and 
El Dib et al)41

Elimination of GL-3 deposits in the kidneys, heart, neurons, and vascular endothelial 
cells

Reduction of disease severity shown on biochemical evaluation (plasma GL-3, lyso-
GL-3, urinary GL-3)

Stabilization, limited progression, or improvement of albuminuria and proteinuria

Stabilization or limited progression of renal function (eGFR)

Limited progression of an increase in LV mass (LVM or LVMI, LVWT reduction)

Improvement of conduction disorders on electrocardiography

Improvement of sweat function and peripheral nervous system sensitivity

Reduction of neuropathic pain

Limited progression of white matter lesions in the brain

Reduction of clinically significant renal, cardiac, and neurologic endpoints (agalsidase 
beta)

Improvement in the quality of life

Abbreviations: eGFR, estimated glomerular filtration rate; GL-3, globotriaosylceramide; 
lyso-GL-3, globotriaosylsphingosine; LV, left ventricular; LVM, left ventricular mass; 
LVMI, left ventricular mass index; LVWT, left ventricular wall thickness
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TAbLE 5 Enzyme replacement therapy in Fabry disease: contraindications, indications for therapy, and indications for therapy discontinuation 
(modified from Sirrs et al)10

Indications for ERT

Renal (1 major criterion or 2 minor ones required)

Major criteria:
•	Fabry	nephropathy	with	reduced	GFRa

•	Persistent	proteinuria	≥500 mg/d/1.73 m2 after excluding other causes
•	High-risk	pathology	in	kidney	biopsy	(glomerular	sclerosis,	tubular	atrophy,	vascular	fibrosis	or	sclerosis)—only	men

Minor criteria:
•	Hyperfiltration
•	Isolated	proteinuria	300	mg/d/1.73	m2 or higher than the norm for age and sex and persisting for at least 1 year, after excluding other causes
•	Renal	tubular	dysfunction
•	Hypertension	lasting	at	least	1	year
•	High-risk	pathology	in	kidney	biopsy	(glomerulosclerosis,	tubular	atrophy,	vascular	fibrosis,	or	sclerosis)	in	the	presence	of	indications—only	women

Cardiac (2 criteria required)

•	LVWT	>12	mm	in	men	and	>11	mm	in	women
•	LVMI	on	2-dimensional	echocardiography	20%	above	the	norm	for	age
•	LVM	increase	by	at	least	5	g/m2 per year, with 3 measurements for a minimum of 1 year
•	LV	diastolic	dysfunction	in	2-dimensional	+	Doppler	echocardiography	(grade	2	or	3	according	to	the	American	Society	of	Echocardiography	

guidelines and/or the presence of abnormalities in the tracking of acoustic markers)
•	Loss	of	LV	base-to-apex	circumferential	strain	gradient
•	Increased	left	atrial	size	on	2-dimensional	echocardiography;	parasternal	long-axis	view	of	the	LV	>40	mm;	left	atrial	volume	index	>34	ml/m2

•	Arrhythmia	and	conduction	disorders:	atrioventricular	block,	PR	interval	shortening,	left	bundle	branch	block,	ventricular	or	atrial	tachyarrhythmia,	
sinus bradycardia (without the use of drugs with negative chronotropic activity), or other causes
•	Moderate	to	severe	regurgitation	of	the	main	or	mitral	valve
•	LGE	of	the	LV	myocardium	on	cardiac	MRI
•	Increase	in	NT-proBNP	levels	above	the	upper	limit	of	the	norm	for	age	and	sex	or	increase	in	high-sensitivity	troponin	levels	(a	replacement	

indicator of fibrosis) by more than twice the upper limit of normal

Neurologic (1 criterion required)

•	Previous	stroke	or	transient	ischemic	attack
•	Severe	neuropathic	pain	that	is	resistant	to	treatment
•	Sudden	1-sided	hearing	loss	when	other	possible	causes	have	been	excluded
•	Acute	ischemic	optic	neuropathy	when	other	possible	causes	have	been	excluded

Gastrointestinal symptoms

•	Significant	gastrointestinal	symptoms	not	responding	to	other	treatments	for	at	least	6	months	or	associated	with	delayed	growth	or	significant	
reduction in the quality of life

Contraindications to ERT

•	Pregnancy	(relative	contraindication)	and	lactation
•	Serious	comorbidities,	with	an	estimated	life	expectancy	below	1	year
•	Severe	cognitive	impairment,	regardless	of	the	cause
•	Serious	complications	in	which	the	use	of	ERT	will	not	significantly	improve	the	quality	of	life
•	Other	diseases	in	which	the	benefit-to-risk	ratio	of	using	ERT	is	unfavorable

Indications for discontinuation of ERT

•	Insufficient	patient	compliance
•	Patient’s	request
•	No	clinical	response	to	treatment	after	a	reasonable	(minimum	1	year)	period	of	follow-up
•	Estimated	life	expectancy	of	less	than	1	year	due	to	severe	comorbidities	or	severe	Fabry	disease	with	end-stage	heart	failure	if	the	patient	is	not	

a candidate for heart transplant
•	Serious,	permanent	neurocognitive	impairment
•	Serious,	life-threatening	infusion-related	adverse	reactions	despite	prophylactic	treatment

a For	GFR	<60	ml/min/1.73m2, CKD grades 3–5: at least 2 concordant estimates or GFR measurements for a minimum of 3 months; for GFR 
60–90	ml/min/1.73	m2,	CKD	grade	2:	at	least	3	concordant	estimates	or	GFR	measurements	for	at	least	6	months	with	a slope of the GFR 
curve	greater	than	the	age-related	norm;	for	eGFR	>135	ml/min	/1.73	m2: a 15%	decrease	in	GFR	or a slope of the GFR curve greater than the 
age -related norm measured by nuclear medicine techniques. The estimated GFR is not precise in this respect and therefore cannot be used.

Abbreviations: CKD, chronic kidney disease; ERT, enzyme replacement therapy; GFR, glomerular filtration rate; LGE, late gadolinium enhancement; 
MRI, magnetic resonance imaging; NT-proBNP, N-terminal fragment of the prohormone brain natriuretic peptide; others, see TAbLE 4
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starting and stopping ERT, as well as contraindi-
cations to the therapy, as summarized in TAbLE 5.

Symptomatic treatment In addition to ERT, pa-
tients with FD should receive symptomatic treat-
ment tailored to their individual needs in accor-
dance with relevant clinical guidelines. Patients 
should be screened for modifiable risk factors 
such as diabetes, hypertension, arrhythmia, hy-
perlipidemia, smoking, sedentary lifestyle, de-
pression, microalbuminuria, and renal failure. By 
early detection, risk factors can be controlled and 
the overall risk of complications reduced. Cardio-
vascular risk can be lowered by lifestyle modifica-
tion as well as treatment of hypertension, hyper-
lipidemia, and heart failure. Heart arrhythmias 
may require implantation of an implantable car-
dioverter-defibrillator as part of sudden cardiac 
death prevention. In addition, patients with FD, 
regardless of sex and age, should receive antico-
agulant therapy to prevent arterial embolism in 
the case of atrial fibrillation. Treatment of heart 
failure and CKD should be carried out accord-
ing to general recommendations. Treatment of 
painful neuropathy requires the use of gabapen-
tinoids (gabapentin, pregabalin). Carbamazepine 
is also recommended, as is venlafaxine or dulox-
etine in the case of coexisting neuropathic pain 
and depression.4,10,11
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