
 

This article is available in open access under Creative Common Attribution-Non-Commercial-No Derivatives 4.0 

International (CC BY-NC-ND 4.0) license, allowing to download articles and share them with others as long as 

they credit the authors and the publisher, but without permission to change them in any way or use them 

commercially. 

 

 

Diagnosis and treatment of Fabry disease. Expert Opinion of the Polish Cardiac Society 

and the Polish Forum for Fabry Disease 

 

 

Authors: Piotr Podolec, Przemysław Mitkowski, Agnieszka Słowik, Agnieszka Gala-

Błądzińska, Urszula Gancarczyk, Robert Gil, Tomasz Grodzicki, Krzysztof Kaczmarek, Beata 

Kieć-Wilk, Mariusz Kłopotowski, Magdalena Kostkiewicz, Magdalena Krajewska, Mariusz 

Kusztal, Beata Lipska-Ziętkiewicz, Katarzyna Mizia-Stec, Michał Nowicki, Katarzyna Muras-

Szwedziak, Krzysztof Pawlaczyk, Łukasz Przysło, Konrad Rejdak, Dariusz Rokicki, Jacek 

Szepietowski, Sylwia Szczepara, Robert Śmigiel, Zbigniew Żuber, Katarzyna Życińska, 

Stanisław Maćkowiak, Małgorzata Barnaś, Monika Komar 

Article type: Expert opinion 

Received: December 3, 2024 

Accepted: December 3, 2024 

Early publication date: December 6, 2024 

  



Diagnosis and treatment of Fabry disease. Expert Opinion of the Polish Cardiac Society 

and the Polish Forum for Fabry Disease 

 

Short title: Diagnosis and treatment of Fabry disease 

 

Piotr Podolec1, 2, Przemysław Mitkowski3, Agnieszka Słowik4, Agnieszka Gala-Błądzińska5, 

Urszula Gancarczyk2, Robert Gil6, Tomasz Grodzicki7, Krzysztof Kaczmarek8, Beata Kieć-

Wilk9, Mariusz Kłopotowski10, Magdalena Kostkiewicz1, 2, Magdalena Krajewska11, 12, Mariusz 

Kusztal12, Beata Lipska-Ziętkiewicz13, Katarzyna Mizia-Stec14, Michał Nowicki15, Katarzyna 

Muras-Szwedziak16, Krzysztof Pawlaczyk17, Łukasz Przysło18, Konrad Rejdak19, Dariusz 

Rokicki20, Jacek Szepietowski21, Sylwia Szczepara2, Robert Śmigiel22, Zbigniew Żuber23, 

Katarzyna Życińska24, Stanisław Maćkowiak25, Małgorzata Barnaś2, Monika Komar1, 2 

 

Reviewers: Zofia Oko-Sarnowska26, Zbigniew Gąsior27 

 
1Department of Cardiac and Vascular Diseases, Institute of Cardiology, Jagiellonian University 

Medical College, Kraków, Poland 
2Department of Cardiovascular Disease, Jagiellonian University Medical College, Centre for 

Rare Cardiovascular Diseases, John Paul II Hospital, Kraków, Poland 
31st Department of Cardiology, Chair of Cardiology, Poznan University of Medical Sciences, 

Poznań, Poland 
4Department of Neurology, Jagiellonian University Medical College, Kraków, Poland 
5Department of Internal Medicine, Nephrology and Endocrinology with Nuclear Medicine 

Laboratory and Dialysis Therapy Center, Clinical Provincial Hospital No. 2 of St. Jadwiga in 

Rzeszow, College of Medical Sciences, University of Rzeszow, Rzeszów, Poland 
6National Medical Institute of the Ministry of Interior and Administration, Warszawa, Poland 
7Department of Internal Medicine and Gerontology, Jagiellonian University Medical College, 

Kraków, Poland 
8Department of Electrocardiology, Medical University of Lodz, Łódź, Poland 
9Laboratory of Rare Metabolic Diseases, Jagiellonian University Medical College, John Paul II 

Hospital, Kraków, Poland 
10Cardinal Wyszynski National Institute of Cardiology, Warszawa, Poland 
11Department of Nephrology and Transplantation Medicine, Medical University of Wroclaw, 

Wrocław, Poland 



12Department of Nephrology and Transplantation Medicine, Jan Mikulicz-Radecki University 

Clinical Hospital in Wroclaw, Wrocław, Poland 
13Laboratory of Clinical Genetics, Department and Chair of Medical Biology and Genetics, 

Medical University of Gdansk, Gdańsk, Poland 
141st Department of Cardiology, Medical University of Silesia, Katowice, Poland; 

Centre of the European Reference Network for Rare, Low Prevalence, or Complex Diseases of 

the Heart (ERN GUARD Heart) 
15Department of Nephrology, Hypertension, Transplantation, and Internal Medicine, Central 

Clinical Hospital of the Medical University of Lodz, Łódź, Poland 
16Department of Clinical and Laboratory Genetics, Central Clinical Hospital, Medical 

University of Lodz, Łódź, Poland 
17Department and Clinic of Nephrology, Transplantation Medicine and Internal Diseases, 

University Clinical Hospital, Medical University in Poznan, Poznań, Poland 
18Clinic of Developmental Neurology and Epileptology, “Polish Mother’s Health Center 

Institute”, Łódź, Poland 
19Department of Neurology, Medical University of Lublin, Lublin, Poland 
20Clinic of Pediatrics, Nutrition and Metabolic Diseases, „The Memorial Institute of Mother 

and Child Health”, Warszawa, Poland 
21Department and Clinic of Dermatology, Venereology, and Allergology, Medical University in 

Wroclaw, Wrocław, Poland 
22Clinic of Pediatrics, Endocrinology, Diabetology, and Metabolic Diseases, Medical 

University in Wroclaw, Wrocław, Poland 
23Department of Pediatrics, Andrzej Frycz Modrzewski Krakow University, Department of 

Older Children with Subdepartments of Neurology and Rheumatology, St. Louis Children’s 

Hospital in Krakow, Kraków, Poland 
24Department of Family Medicine, Medical University of Warsaw, Clinic of Rheumatology, 

Connective Tissue Diseases, National Medical Institute of the Ministry of Interior and 

Administration, Warszawa, Poland 
25Federation of Polish Patients 
26Poznan University of Medical Sciences, Poznań, Poland 
27Department of Cardiology, Medical University of Silesia, Katowice, Poland 

 

Correspondence to: 

Prof. Monika Komar, MD, PhD, 



Department of Cardiac and Vascular Diseases,  

Institute of Cardiology,  

Jagiellonian University Medical College,  

Prądnicka 80, 31–202 Kraków, Poland, 

phone: +48 12 614 33 99,  

e-mail: moni_s@interia.pl 

 

ABSTRACT 

Fabry disease (FD) belongs to the group of lysosomal storage diseases (LSD), which are 

characterised by insufficient activity of enzymes responsible for the intra-lysosomal breakdown 

of various substrates. The result is an uncontrolled accumulation of by-products of cellular 

metabolism. Lysosomal storage diseases are inherited diseases, transmitted mainly in an 

autosomal recessive fashion. In the absence of a positive family history, an early diagnosis can 

often be missed. In addition, the age of clinical manifestation can range from infancy to 

adulthood — a distinction is made between severe “classic” variants of the disorders, presenting 

in childhood, and forms with late onset. Some of the conditions in this group may not show 

typical signs of tissue storage, such as liver and spleen enlargement, especially in subtypes 

associated with neurodegenerative changes. 

The aim of the Expert Opinion of the Polish Cardiac Society and the Polish Forum for 

Fabry Disease is to summarise the current knowledge on FD, present advances in diagnosis and 

therapy and disseminate known diagnostic and therapeutic algorithms for this group of patients. 

 

INTRODUCTION 

Fabry disease, also known as Anderson-Fabry disease (FD), and also as lysosomal enzyme 

alpha-galactosidase A (α-GAL A) deficiency, is a rare, genetically determined, lysosomal 

storage disease (LSD) caused by the absence or deficiency of the α-GAL A enzyme responsible 

for the hydrolysis of neutral glycosphingolipids, leading to their accumulation in plasma and in 

the lysosomes of cells of many organs [1, 2].  

The classification of LSD was initially based on the type of substrate/ deposit 

accumulating in the tissues, such as sphingolipidosis (GM2 gangliosidosis, Fabry disease and 

Gaucher disease), mucopolysaccharidosis or glycosaminoglycan build up (Hunter syndrome, 

Hurler syndrome or Hurler–Scheie syndrome) [1–3]. 

The current classification takes into account the assessment of a defect in the protein 

itself. For example, deficiency of β-hexosominidase A or α-galactosidase A are associated with 



Tay–Sachs disease (TSD) and FD, respectively; in turn, faulty transmembrane transport, which 

results in suppression of the egress of metabolised substrates from lysosomes, is a cystinosin 

defect and the cause of cystinosis. Many of the storage disease names still in use are eponyms 

in honour of the physician/scientist who first provided a clinical description of the condition 

(Gaucher disease, Morquio syndrome or Niemann–Pick disease) [3, 4]. 

Fabry disease as one of the LSDs is an X-chromosome-linked hereditary disorder with 

severe cardiovascular, nephrological and neurological manifestations that occurs as a result of 

a defect in α-GAL A enzyme function [1]. 

Fabry disease is caused by a point mutation in the GLA gene encoding the lysosomal 

protein α-GAL A, which is one of the enzymes responsible for the hydrolysis of neutral 

glycosphingolipids. When α-GAL A malfunctions, glycosphingolipids are deposited in the cells 

— this process is called storage, which is why FD is classified as LSD. The breakdown of fatty 

substances, sphingolipids, into smaller components that provide the body with energy is 

disturbed. There is an accumulation of the substrate globotriaosylceramide (Gb3) in the 

autonomic nervous system, as well as in the organ of vision, kidneys and cardiovascular system. 

The classic form, occurring in males, with α-GAL A enzyme activity below 1%, usually has its 

onset in childhood or adolescence.  

To date, nearly a thousand mutations of pathogenic variants within the GLA gene have 

been described, among which there are pathogenic variants responsible for the development of 

the full-blown, so-called classic form of the disease (complete absence of or reduced enzymatic 

activity <5%), pathogenic variants responsible for the development of the late-onset form 

(partially preserved enzyme activity), variants of uncertain (clinical) significance (VUS), for 

which no mutation–symptom relationship has been unequivocally demonstrated, and so-called 

benign polymorphisms [5, 6]. 

The disease-causing mutation is linked to the X chromosome, so the so-called classic 

FD mainly affects men; women are often asymptomatic carriers of the defective gene variant 

[6–8].  

The basis for diagnosis, in addition to clinical symptoms, are enzyme assays, the results 

of which show a defect in the activity of the enzyme under investigation, and molecular analysis 

— genetic testing for mutations in the GLA gene, which is particularly important in the 

diagnosis of FD in women. Regarding genetic diagnosis, it should be noted that some sequence 

alterations that are uncommon or have not been previously described may not be clinically 

significant. The interpretation of VUS variants remains a challenge, and it is therefore 

recommended that molecular testing be performed by specialised and certified laboratories. 



The prevalence of the classic form of the disease is approximately 2.5/100,000 (1/40,000 

in men, 1/117 000 in women) — statistics are for the Caucasian race. In Poland, the incidence 

does not exceed 30 cases per year. Based on newborns screening, it is estimated that the actual 

prevalence of the disease (both classic and late-onset forms) is approximately 10 times higher 

[9, 10].  

 

FABRY DISEASE IN CHILDREN 

It is now known that the first symptoms of FD can occur as early as the foetal, infant and early 

childhood period. Due to the high non-specificity of the clinical picture, the final diagnosis is 

usually established after several or more years of a “diagnostic odyssey” following the onset of 

symptoms (on average after 15 years), whereas early diagnosis of FD is key to reducing 

morbidity and mortality as well as limiting complications and improving quality of life.  

 

The clinical picture of FD in children and adolescents (Table 1) 

Typical signs of FD in children and adolescents include lower limb pain, abdominal pain, 

diarrhoea, sweating disorders or intolerance to heat or cold. These symptoms can often be 

misinterpreted as common, harmless complaints and are often associated with “growing pains”, 

irritable bowel syndrome, inflammatory bowel disease, fibromyalgia, or systemic connective 

tissue diseases. The average age of onset of FD symptoms in boys is 6 years old and in girls 9 

years old. These data refer to children from a patient population with a positive family history 

of FD [11].  

Dysmorphia is caused by deposition of unmetabolised macromolecular substances and 

becomes more pronounced as the disease progresses. The most common sign of dysmorphia is 

coarse facial features (so-called Fabry face), which include a prominent periorbital region, 

recessed forehead, bushy eyebrows, prominent lobules of the ears, bulbous nose, acute nasal 

angle with a marked bridge, shallow midface, full lips and prognathism. Signs of extrafacial 

dysmorphia include wide fingertips, shortened fingers, prominent vessels on the palmar surface, 

brachydactyly and clinodactyly of the 5th finger, and shortened AP dimension of the thorax 

[12]. 

Neuropathic pains are among the earliest symptoms of FD in children (60%–80%). 

They often remain a leading factor in reducing quality of life, which is associated with a 

significant increase in prevalence of psychiatric disorders (depression, anxiety, adjustment 

disorders, suicidal behaviour). Pain is usually localised distally in the limbs, with predominance 

of the lower limbs (acroparesthesias). Severe episodes of neuropathic pain are referred to as 



“Fabry crises”, starting in the feet and hands and ascending proximally. Pain crises are very 

often triggered by sudden temperature changes, fever, stress, infections, fatigue and physical 

exercise. Pain episodes are not accompanied by external signs of inflammation (i.e., swelling, 

redness or tenderness), but periodically may be accompanied by fever and elevated ESR. 

Incidents of acute pain and chronic pain in the absence of other symptoms of the disease are 

one of the most challenging psychological aspects of the disease for the patient at a young age 

[13–15].  

Neuro-otological symptoms in the form of hearing loss, up to and including deafness, 

tinnitus and dizziness are associated with changes in the microcirculation of the cochlear and 

vestibular structures, as well as neuropathy of the vestibulocochlear nerve.  

Structural brain changes in the course of FD in children and adolescents can be 

visualised by brain MRI. Early detection of white matter abnormalities with 

ischaemic/haemorrhagic morphology that are clinically silent (without stroke) may favour the 

decision to initiate treatment. Ischaemic lesions are visible as hyperintense foci in FLAIR and 

T2-weighted sequences and as hypointense foci in T1-weighted images. In the study by 

Marchesoni et al. ischaemic lesions were present in about 16% of patients, predominated in 

heterozygous girls, affected the area supplied by the anterior cerebral vascularisation circle and 

were already visible in 13-year-old patients. The youngest described patient with subcortical 

white matter ischaemic foci was 8 years old. Among the “healthy, asymptomatic population”, 

small, diffuse and non-specific white matter ischaemic lesions occur in about 7% and are 

considered the so-called broad norm of brain images. The more than 2-fold higher frequency 

of these lesions in FD patients probably indicates their pathological nature, requiring further 

observation [16, 17].  

Sweating disorders (hypo- and anhidrosis) are common in hemizygous patients (50%–

90%) and less common in heterozygous females (up to 30%) with FD. In addition to reduced 

sweating, some patients (predominantly females) may develop hyperhidrosis. The symptoms 

start in childhood and adolescence with heat intolerance, dry skin and episodes of fever of 

unknown cause. The cause is the accumulation of Gb3 in the peripheral nervous system, the 

endothelium of the vessels surrounding the eccrine glands and in the eccrine cells themselves, 

which interferes with the autonomic system response. 

Gastrointestinal symptoms affect about 20% of boys at 5 years of age and about 10% 

of girls at 9 years of age, with increasing symptoms as the condition progresses. The most 

common symptom remains abdominal pain and diarrhoea, which usually occurs after a meal. 

The manifestation may also include constipation, which is more common in girls, as well as 



nausea and vomiting. The painful sensations are described as bloating, cramps, burning and are 

related to food intake. Chronic dyspepsia is often the cause of weight loss and significantly 

reduces the quality of life of a child with FD. Gastroenterological complications are mainly 

related to neuropathic changes in the neurogastroenteric system and also depend on pathological 

remodelling of the smooth muscle layer. In addition, impaired peristalsis is a determinant of a 

state of dysbiosis in the gut, and Gb3 accumulation in autonomic ganglion cells and vascular 

endothelium also promotes inflammatory processes in the gut. An additional pro-diarrhoea 

factor is the disturbance of bile acid metabolism associated with dysfunction of the 

enterohepatic circulation [18, 19]. 

Ocular manifestation of FD mainly concerns vortex keratopathy (vortex-like deposits, 

CV, cornea verticillata), which is diagnosed in the majority of hemizygotes and more than 70% 

of heterozygotes, and is therefore considered one of the pathognomonic signs of FD. Corneal 

changes have been described as early as in a 22-week-old foetus, in infancy or early childhood 

and occur in most patients in the 1st decade of life. Vortex-like cornea results from the 

accumulation of Gb3 deposits in the basal layer of the corneal epithelium, visible under a slit-

lamp during ophthalmic examination. In the absence of characteristic keratopathy changes on 

slit-lamp examination, extending the diagnostics with corneal confocal microscopy reveals 

intracellular Gb3 inclusions in epithelial cells. It is important to remember that although this 

type of corneal degeneration is typical of the course of FD, the use of certain drugs (amiodarone, 

indomethacin, aminoquinolones: chloroquine, hydroxychloroquine) can also be the cause of 

vortex keratopathy. Other ophthalmic pathologies in FD are Gb3 deposits within the lens which 

are the cause of posterior subcapsular cataract (so called Fabry cataract), and tortuous and 

aneurysmal pattern of conjunctival and retinal vessels. Tortuous conjunctival and retinal vessel 

lesions can also occur in fucosidosis and GM1 gangliosidosis, while cataracts can occur in 

mannosidosis and other LSDs. Until recently, it was thought that ophthalmic problems usually 

did not cause deterioration of visual acuity and remained asymptomatic. It is now accepted that 

symptoms in the form of impaired night vision (twilight blindness, nyctalopia), blurred vision, 

impaired contrast sensitivity or the “halo” symptom around light sources may be the result of 

glycosphingolipid storage. In addition, Gb3 inclusions accumulating in the pterygopalatine 

ganglion and parasympathetic fibres innervating the lacrimal glands may cause secretory 

disturbances (anhidrosis/hypohidrosis) and may be the cause of “dry eye” syndrome, pain or 

eye fatigue (asthenopia), and are significantly more common in FD patients. A full ophthalmic 

examination using slit lamp or corneal confocal microscopy in the youngest children is a 

valuable and essential screening element in the diagnosis of FD prior to enzymatic and 



molecular confirmation. Ocular involvement is also an indicator of the severity of the disease 

and is a sign of changes in the vasculature and autonomic system, especially when there are 

concomitant cardiac and renal complications [20, 21]. 

Skin lesions — because of the characteristic skin lesions of FD, it has been referred to 

in the past as diffuse angiokeratoma of the trunk (angiokeratoma corporis diffusum) [22]. 

Angiokeratoma (AK), in addition to vortex keratopathy, sweating disorders and pain crises, is 

a typical manifestation of FD, appearing in the 1st decade of life and occurring in the majority 

of patients (60%–90% of boys and 40%–75% of girls). In hemizygous patients, lesions appear 

between 5 and 8 years of age, but may initially manifest singly and go unnoticed or be 

misdiagnosed. The angiokeratoma foci are formed by small (1–5 mm) hyperkeratotic 

angiomatous papules, which do not fade on pressure, are purplish-brown in colour and may 

present in isolated or disseminated form. In FD, a disseminated form of the lesions is observed, 

which localise between the umbilicus and the knees (the so-called swimming trunk area), but 

isolated eruptions do occur. Angiokeratomas are also encountered in other LSDs 

(sphingolipidoses: GM1 gangliosidosis; glycoproteinoses: aspartylglycosaminuria, fucosidosis, 

sialidosis, β-mannosidosis; multiple enzyme deficiencies: galactosialidosis). AK-type lesions 

are often polymorphic with papillary elements, which can be interpreted as viral infection, 

hemangioma or vasuclar granuloma. A very important element of differential diagnosis is the 

dermatoscopic examination. The typical area of AK in FD is the umbilical region, particularly 

its fundus, which should always be carefully examined, as should the genitourinary organ area. 

Other skin symptoms in FD include telangiectasias (the second skin manifestation after AK), 

oral mucosal lesions, Raynaud's phenomenon, lymphoedema and hypotrichosis. Patients with 

severe AK foci and/or telangiectasias usually present with greater organ complications. 

Symptomatic therapeutic management includes laser therapy, cryotherapy, electrocoagulation 

and dermatosurgery. The inclusion of enzyme replacement therapy (ERT) reduces the number 

of Gb3 deposits in the skin [22, 23]. 

Renal damage in the form of albuminuria or proteinuria is observed in FD patients in 

the 2nd decade of life. However, the results of clinical trials indicate that the processes of 

pathological and irreversible renal remodelling start already in childhood and before the 

appearance of albuminuria. The initial sign of glomerular dysfunction in teenagers is 

hyperfiltration (glomerular filtration rate [GFR] >135 ml/min/1.73 m2), accompanied by 

albuminuria, proteinuria and then a progressive decline in GFR values. Glomerular 

hyperfiltration is a relatively common symptom in young patients who rarely present with 

chronic kidney disease. An important investigation, especially in patients with the atypical renal 



form of FD, is microscopic urine analysis, which may show podocytes, sphingolipid-

overloaded endothelial cells resembling a “Maltese cross” or mulberry-shaped erythrocytes. In 

addition, podocyturia may antedate proteinuria and is therefore accepted to be a biomarker of 

asymptomatic renal damage [24].  

 

FABRY DISEASE IN WOMEN 

Due to the mode of inheritance (linked to the X chromosome), it was originally thought that FD 

affected only men and that women were only asymptomatic carriers of the mutation. This false 

view still persists today among some clinicians, leading to a significant delay in making a 

correct diagnosis and thus starting effective treatment [25–28]. The disease can develop in 

women not only in extremely rare cases, i.e. in the presence of mutations in both alleles or 

monosomy of the X chromosome (Turner syndrome), but it also affects heterozygous women.  

The clinical picture of the disease in women depends on the type of pathogenic 

mutation and also on an epigenetic process involving silencing (inactivation) of one of the X 

chromosomes. X-chromosome inactivation (XCI) is a phenomenon that occurs during early 

embryogenesis, resulting in the balancing of the expression levels of genes located on the X 

chromosome, irrespective of sex [29–32].  

In females, in a random manner, one of the chromosomes is switched off (inactivated) 

and passed on to the daughter cells in the form of the so-called Barr body. The assumption was 

that XCI proceeds randomly, i.e. in 50% of cells the paternal X chromosome is inactivated, and 

in 50% of cells the X chromosome inherited from the mother is inactivated (50:50). Now it is 

known that XCI relatively often has a so-called asymmetric, non-random course, with 

preferential inactivation of only one parental chromosome (e.g. 70:30). Furthermore, the level 

of asymmetric inactivation in the same woman can vary, depending on the type of tissue tested 

(30:70; 50:50; 70:30).  

Asymmetric inactivation is not clinically relevant in women who do not carry the 

mutation (are healthy).  

Heterozygous women with FD present a very wide range of clinical phenotypes 

depending on the type of mutation and the extent of X-chromosome inactivation. There can be 

classic phenotypes with a full-blown form of the disease already in childhood, non-classic (late-

onset) phenotypes in which non-specific symptoms predominate, usually occurring in the 4th–

5th decade of life and usually affecting a single organ, and completely oligosymptomatic or 

asymptomatic phenotypes where the woman is only a carrier of the mutation.  



For this reason, one must be particularly vigilant during the diagnostic process carried 

out for women. In the case of clinically significant suspicion of disease, genetic testing to 

confirm the presence of the pathogenic variant is necessary in addition to determination of 

enzyme activity and plasma concentration of the Gb3 marker (in some cases these 

concentrations are not abnormal). Special care should be provided to young, asymptomatic 

women in whom the presence of the defective allele has been confirmed during family 

screening, as in their case the symptoms of the disease may occur at a later time.  

The treatment regimen for patients with FD is independent of sex. The choice of optimal 

specific therapy (ERT, chaperone therapy) and symptomatic treatment should depend on the 

type of mutation, patient preference and the presence and severity of organ complications. 

Special attention is required for female patients of childbearing age, for whom effective 

contraceptive methods are recommended during the period of causal treatment, but it should be 

remembered that pregnancy and lactation are temporal contraindications to this treatment [33–

38]. 

So far, there has been no evidence that the presence of the disease significantly affects 

the fertility of patients. The rate of possible complications in women during pregnancy and 

childbirth is observed to be comparable to that of the general population. There are few 

scientific reports indicating the possibility of reduced reproductive performance in men, as a 

result of lowered or absent sperm count in semen (oligospermia/azoospermia), severe pain 

(crisis) or depressive disorders [39–42]. Heterozygous women have a 50% probability of 

passing on a pathogenic variant to their offspring, regardless of the sex of the child [42].  

 

FABRY DISEASE IN THE ELDERLY 

Fabry disease is characterised by a long-term, long-lasting course due to the persistence of the 

metabolic defect. Two basic phenotypes of FD: the classic form with onset in childhood and 

progressive multi-organ damage, and a later onset phenotype with limited organ involvement, 

manifesting in middle age, determine the picture of the disease in older patients. The diagnosis 

of the later-onset variant may be delayed due to the lack of clear external signs such as 

acroparesthesia and angiokeratoma [43]. In all FD phenotypes, the natural ageing process can 

be difficult to distinguish from FD-specific complications, which themselves become more 

severe and frequent with age. Elderly patients, aged over 50 years, represent a small proportion 

of patients eligible for ERT, with the majority of treated elderly patients being women [43].  

When deciding whether to start or continue long-term ERT in patients with FD aged 50 

years or older, one should consider the potential benefits of treatment compared to the costs for 



the healthcare system and the patients' quality of life. Factors to consider when starting ERT in 

elderly patients are shown in Table 2 

As FD is a progressive disease, the severity of the disease and the degree of organ 

involvement increase with age. Several recent reports indicate that ERT in patients with 

advanced disease has limited efficacy [42, 43], particularly if implemented in the presence of 

severe cardiac fibrosis, renal failure or central nervous system ischaemia. Starting or continuing 

ERT in FD patients with aged 75 years or older may not be beneficial in terms of life expectancy 

and raise doubts about cost-effectiveness [40, 43].  

The cardiac and renal signs and symptoms observed in the FD patient population aged 

50 years or older are generally non-specific and may reflect the natural ageing process. Hearing 

loss, an affliction that often comes with natural ageing, is an independent predictor of cardiac, 

renal and cerebrovascular complications. 

The delayed diagnosis is also due to the fact that patients aged between 50 and 74 years 

have a limited number of symptoms characteristic of FD. Angiokeratoma and tortuous ocular 

vessels, which may facilitate diagnosis, are more common in younger patients than in older age 

groups.  

When deciding whether to start/continue ERT at an advanced age, one should consider 

the FD form — whether it is classic or late-onset. 

The age of onset in patients with cardiac variant of FD is in the 6th–8th decade of life 

[43]. As already indicated, cardiac events in this group may be related to FD, but mainly to the 

ageing process. If one considers that the main value of ERT is to prevent distant cardiovascular 

incidents that result from lifelong accumulation of deposits in cells and secondary organ 

pathology, then the value of ERT in this population may be limited. At the same time, in patients 

with severe FD symptoms that cannot be alleviated with conventional therapy, ERT could make 

a difference. There are many indications that time (number of years since the onset of symptoms 

or diagnosis) may be a better predictor of ERT-resistant disease than age alone [43]. 

 

CLINICAL PICTURE AND CARDIOLOGICAL DIAGNOSIS 

Myocardial involvement is the most common cause of mortality and impaired quality of life in 

patients with FD. Almost two-thirds of patients report cardiac symptoms. Accumulation of 

sphingolipid deposits affects all heart cells — cardiomyocytes, conduction system cells, 

valvular fibroblasts, vascular smooth muscle cells and vascular endothelial cells — and leads 

to damage. There is a thickening of the heart walls, including the left ventricle (LV), which at 

a certain stage of the disease meets the criteria for hypertrophy (increase in LVMI, i.e. left 



ventricular mass index). Changes occur in the conduction system, coronary vessels and valvular 

system. Myocardial damage begins early in the course of the disease, progressing subclinically 

for a long time before significant symptoms appear. It is usually diagnosed already at the stage 

of left ventricular hypertrophy [44–47].  

Myocardial hypertrophy in FD is found in 88% of men and 20% of women. The 

hypertrophy is concentric, usually without narrowing of the outflow tract, and is particularly 

severe in the area of the posterior and inferior walls of the left ventricle [47–53]. Restriction-

type filling obstruction, characteristic of other storage diseases, is rare in FD. Diastolic 

dysfunction of the slow relaxation type predominates. As the disease progresses, LV systolic 

function also becomes impaired and full-blown congestive heart failure develops. The 

cardiological diagnostic algorithm is shown in Table 3. In the cardiological diagnosis of patients 

with cardiac wall hypertrophy, family history can be an important element pointing towards an 

FD diagnosis. Apart from the intuitive questions related to a family history of cardiovascular 

disease, it seems important that the cardiologists inquire about other clinical presentations (e.g. 

neurological or nephrological) among family members related to the patient. 

Electrocardiography (ECG) — reveals the following changes [52, 53]: 

— features of LV hypertrophy with deep negative T waves, 

— shortened PQ interval in the early stage of the disease, which is associated with the loss 

of the “electrical insulator” function of the fibrous ring between the atria and ventricles, 

— conduction disturbances at different levels of the conduction system, 

— supraventricular and ventricular arrhythmias, 

— features of cardiac ischaemia that can lead to acute coronary syndromes and 

cerebrovascular events in young people, 

— ECG changes characteristic of valvular heart defects. 

In recent years, ECG-based scoring systems have been proposed to substantiate the 

diagnosis of FD with a hypertrophic cardiomyopathy phenotype FD-ECG Score). Although 

shortening of the PR interval is most often due to accelerated conduction via physiological 

pathways (Figure 1), co-occurrence of FD with typical pre-excitation syndromes has also been 

described. Therefore, in patients with FD and shortened PR it seems reasonable to perform 

electrophysiological tests to exclude pre-excitation syndrome.  

The treatment of arrhythmias and conduction disturbances in patients with FD does not 

generally differ from the recommendations given in the guidelines of cardiological scientific 

societies. An unresolved issue is the assessment of the risk of sudden death in patients with 

Fabry cardiomyopathy. The risk calculators popularly used in hypertrophic cardiomyopathy 



(e.g. HCM Risk-HCM Score or AHA HCM SCD Score), according to their developers, should 

not be used in the FD patient population. Reports on the analysis of interventions involving the 

implantation of implantable cardioverter-defibrillators in FD patients, among others, suggest 

that these very patients are at higher risk of ventricular arrhythmias. For this reason, risk 

stratification of sudden cardiac death should be individualised in FD patients.  

Echocardiography is an essential step in the diagnostic algorithm and monitoring of 

therapeutic effects in patients with suspected FD. It is necessary to use all available examination 

techniques: 2D, M-mode, Doppler, tissue Doppler echocardiography (TDE; tissue Doppler 

imaging [TDI]) and strain analysis (Figure 2). The examination protocol should include 

assessment of: morphology, size of both systolic and diastolic function of the left and right 

ventricles, atria, great vessels, assessment of the valvular apparatus of the heart, estimated 

pulmonary circulation pressure and assessment of the pericardium [54–57].  

— 2D transthoracic imaging — the characteristic features of cardiomyopathy in FD on 2D 

imaging is left and/or right ventricular myocardial thickening, once secondary causes 

have been excluded. An important differentiating feature between cardiomyopathy in FD 

and hypertrophic cardiomyopathy (HCM) is LV morphology with concentric thickening 

of its walls without narrowing in the outflow tract. It is extremely important to assess both 

the wall thickness of individual LV segments and to calculate left ventricular mass (LVM) 

and LVMI values. It is necessary to determine all indices of LV diastolic dysfunction. In 

more advanced stages of the disease, reduced systolic function is present. The classic 

echocardiographic picture in FD corresponds to the pathophysiology of hypertrophic 

cardiomyopathy with diastolic dysfunction without features of LV and atrial dilation with 

features of elevated filling pressure. The following are also characteristic: granular, 

thickened myocardium, mainly in the LV inferior and posterior wall, normal LV systolic 

function with impaired diastolic compliance. Myocardial changes are accompanied by 

thickening of the heart valves. 

— Assessment of longitudinal strain is an essential component of a correctly performed 

echocardiogram in patients with suspected FD. This technique allows the assessment of 

both left and right ventricular myocardium, as well as multidimensional atrial function. 

The speckle-tracking echocardiography (STE) technique makes it possible to assess 

global longitudinal strain (GLS) and segmental strain. In addition, this technique allows 

the determination of transverse and circular strain and strain rate. Several studies have 

shown that GLS function deteriorates significantly as the disease progresses [55–57].  



— Three-dimensional (3D) echocardiography allows for increased precision in the 

assessment of cardiac morphology and function in selected cases. The use of this 

technique is an important adjunct to standard measurements, especially in the context of 

assessing the volume and systolic function of cardiac chambers, as well as assessing the 

significance of valvular defects, in exceptional cases of stress testing. The 3D 

examination, particularly the transesophageal examination, is of value in terms of 

qualification for valvular surgery, both cardiac and percutaneous.  

— Echocardiography with contrast agent administration is helpful in identifying 

intracardiac thrombi or insufficient acoustic window.  

Echocardiography is a useful method of monitoring patients and should be performed 

whenever there is a clinical indication and as a form of monitoring every 6–12 months, 

regardless of clinical status. 

Cardiac magnetic resonance (CMR) makes it possible to assess the development of 

inflammation and fibrosis in response to globotriaosylceramide accumulation. This 

examination provides a comprehensive assessment of cardiac anatomy, segmental and global 

ventricular function and tissue characteristics for both early differential diagnosis and disease 

staging [58]. Detection and quantification of myocardial fibrosis using late gadolinium 

enhancement (LGE) and T1 mapping are key diagnostic and prognostic features in patients with 

FD (Figure 3). 

T1 mapping is a well-established and reproducible CMR technique for characterising 

myocardial tissue, including assessment of the longitudinal relaxation time of myocardial tissue 

without contrast agent administration. A characteristic feature is the low level of native T1 

mapping at an earlier stage of glycosphingolipid storage in myocytes without endocardial 

involvement. These changes occur before the development of significant hypertrophy and 

fibrosis of the muscle. In the later stage of the disease, such a picture occurs in up to 

approximately 50% of FD patients [58].  

Nordin et al. [59] proposed a three-phase model of myocardial involvement in FD:  

— storage beginning in childhood with progressively lower T1 mapping, still without the 

myocardial hypertrophy and fibrosis seen in LGE;  

— inflammation and/or hypertrophy, with low T1 levels, beginning with myocardial 

hypertrophy (mainly in males) and T2 mapping indicating inflammation in the baso-

infero-lateral segment associated with LGE fibrosis; 



— fibrosis and/or impaired contractility with increased T1 values (pseudonormalisation) and 

fibrosis present in the LGE, with wall thinning in the baso-infero-lateral segments of the 

left ventricle.  

Typical of FD is intramural myocardial fibrosis in the baso-infero-lateral and antero-

lateral segments. Less commonly, LGE fibrosis has also been described in the basal antero-

septal and apical segments in patients with asymmetric septal hypertrophy and apical 

hypertrophy. This type of fibrosis in the central part of the myocardium is presumed to be due 

to increased stress at the interface between the fibrous mitral ring and the left ventricular 

midwall. There is growing evidence that a zone of fibrosis may develop before left ventricular 

hypertrophy, especially in women. These patients are a group at particular risk of ventricular 

arrhythmias and sudden cardiac death. Some investigators suggest considering implantation of 

a cardioverter-defibrillator for primary prevention in FD patients with significant fibrosis 

identified on CMR using LGE and with ventricular arrhythmias. These recommendations are 

currently not included in the guidelines and a specific sudden cardiac death risk calculator for 

FD patients has not been established. According to expert recommendations, in the absence of 

contraindications, CMR should be considered in all adult patients (class IIa recommendations). 

CMR is also useful for monitoring adult patients with FD — consideration should be given to 

repeating it every 5 years to assess fibrosis progression and left ventricular function based on 

disease severity (class IIb recommendations) [60–64]. 

Radioisotope studies (single-photon emission computed tomography (SPECT) and 

positron emission tomography [PET]) allow assessment of coronary perfusion. Numerous 

studies in FD patients have demonstrated abnormal perfusion without lesions in the epicardial 

coronary arteries, suggesting microvascular dysfunction. No perfusion or coronary flow reserve 

improvement was observed after 12 months of specific treatment.  

The combination of PET and CMR (a hybrid study) allows us to assess the role of 

inflammation in the diagnosis of FD [63]. The first paper on a small group (13 patients) 

undergoing PET/CMR was published in 2015. The authors observed focal 18F-

fluorodeoxyglucose (18F-FDG) tracer uptake in all patients with T1 abnormalities and fibrosis 

on CMR using LGE. Elevated troponin levels were also found in this group of patients [62]. 

Later studies documented inflammation in early FD based on PET (increased focal 18F-FDG 

uptake) and CMR (increased signal intensity on T2 images) [63]. Abnormal glucose metabolism 

on PET with 18F-FDG correlates with echocardiographic parameters of hypertrophy. However, 

the studies do not explain the mechanisms of preferential fibrosis of the basal inferolateral wall 

of the left ventricle [61].  



Experimental studies have used 123I metaiodobenzylguanidine (MIBG) scintigraphy to 

determine whether cardiac sympathetic innervation may be dysfunctional in FD patients. 

Ponsiglione et al. [64] demonstrated reduced MIBG uptake in the inferolateral wall compared 

with the septum and anterolateral walls in patients with fibrosis and thinning of the inferolateral 

wall. Additionally, they proposed three patterns of 123I-MIBG uptake and fibrosis of the 

inferolateral wall: 

— normal MIBG uptake without fibrosis, 

— reduced MIBG uptake without fibrosis, 

— reduced MIBG uptake with locally corresponding fibrosis.  

The findings suggest that sympathetic nerve damage may precede myocardial fibrosis in 

this area. Imaging studies using 123I-MIBG, which is a norepinephrine analogue, may play a 

unique role in assessing the risk of developing ventricular arrhythmias and sudden cardiac death 

by assessing myocardial denervation [62–64]. 

 

CLINICAL PICTURE AND NEPHROLOGICAL DIAGNOSIS 

Patients with FD are at high risk of developing chronic kidney disease (CKD). The prevalence 

of FD in dialysis patients has been estimated at 0.21% for men and 0.15% for women, indicating 

a much higher incidence than in the general population [5]. A complex pathogenesis 

characterises renal involvement in FD. Glycosphingolipid globotriaosylceramide (Gb3) 

deposition due to low α-GAL A enzyme activity leads to hypertrophy of endothelial cells, 

particularly podocytes, resulting in cellular damage, podocyturia and effacement of foot 

processes [66]. Smooth muscle cell proliferation, release of inflammatory and profibrotic 

mediators, increased oxidative stress, vasoconstriction, and ischaemia of renal structures lead 

to glomerular hardening, thickening of capillary walls, tubular atrophy, interstitial pulmonary 

fibrosis, and arteriosclerosis [67, 68]. The symptoms associated with glomerular damage are 

similar to those observed in diabetic nephropathy, with hyperfiltration in the early stages, 

albuminuria, proteinuria and a subsequent gradual decrease in glomerular filtration rate (GFR) 

[5].  

The clinical picture is not typical of FD but is associated with glomerular damage. Two 

clinical presentations of FD have been described: the classic type 1 phenotype and the non-

classic or late-onset type 2 phenotype. In the classic type, patients up to 16 usually present with 

albuminuria; those between 17 and 30 have proteinuria exceeding 1 g/24 hours, while those 

over 30 develop features of CKD. As a result, untreated men with the classic phenotype, in 

particular, usually develop end-stage renal disease (ESRD) between the fourth and fifth decades 



of life [69, 70]. The late-onset phenotype is characterised mainly by cardiac damage, but may 

also include features of kidney damage, typically in the chronic cardiorenal syndrome type 2 

[71]. 

It is worth remembering that perihilar cysts are more common in FD compared to other 

nephropathies, regardless of age, gender and stage of CKD [72].  

FD-specific biomarkers and bio-indicators:  

— lyso-Gb3 — is an established bio-indicator for confirming the diagnosis of FD, especially 

in the population of women in whom α-GAL A activity is often normal. The Lyso-Gb3 

concentration is also considered a prognostic factor for FD complications, such as end-

stage renal disease, atrial fibrillation or cerebrovascular events, and its determination also 

plays an important role in monitoring the effectiveness of FD treatment [67–75]; 

— Gb3 — there are elevated levels of Gb3 secreted from renal tubule cells and urinary tract 

epithelial cells in the urine of FD patients. This bio-indicator may have a diagnostic 

function in FD screening tests. Urinary Gb3 concentration varies depending on the 

genotype, gender and implemented causal treatment [74]. 

Renal non-specific bio-indicators:  

— proteinuria (albuminuria) — when it comes to identifying the initial stage of nephropathy 

in the course of FD, the sensitivity of the test is low. In some patients with FD, proteinuria 

may not appear even at an advanced stage of chronic kidney disease [74]. Despite the 

outlined limitations, assessment of proteinuria and albuminuria in patients with FD should 

be performed as soon as suspicion is raised, followed by regular monitoring to control 

renal function and the effectiveness of causal and supportive treatment;  

— estimated glomerular filtration rate (eGFR) — remains the primary method of assessing 

renal function in CKD, including in patients with FD nephropathy. The diagnosis of early 

GFR decline in patients with FD and CKD is made difficult due to the inaccuracy of GFR 

estimates based on serum creatinine levels. Overestimation of the actual GFR may be 

particularly important in male patients with FD. Moreover, it should be remembered that 

in some patients hyperfiltration and an increase in GFR values may be the first symptom 

of kidney disease with FD. It is important to note that the absence of changes in GFR 

values does not indicate the absence of renal damage in FD [70];  

— podocyturia — in patients with FD may occur even before the onset of clinically apparent 

proteinuria [67, 68]. A direct correlation between podocyturia and proteinuria and an 

inverse correlation between podocyturia and eGFR has been demonstrated in male 

patients with FD, suggesting that there is a significant correlation between podocyturia 



and the severity of Fabry nephropathy. The loss of glomerular podocytes is thought to be 

irreversible and the alleviation or stopping of the progress of podocyturia may be a 

reasonable indicator of the efficacy of treatment of kidney damage. However, various 

limitations to the treatment of podocyturia as an early marker of Fabry nephropathy have 

been reported, the most important of which is that the various techniques used to assess 

podocyturia have not yet been standardised to the point that they can be followed in 

clinical practice [74–79]. 

Renal biopsy — histopathological evaluation of the renal biopsy is still the primary 

method for the diagnosis of many nephropathies, including FD nephropathy. The information 

obtained from renal biopsy allows the diagnosis of FD even in patients without proteinuria and 

in patients with preserved renal filtration function. Gb3 deposits have been noticed in many 

types of fetal kidney cells as early as in the 1st week of pregnancy. 

Progressive accumulation of Gb3 in podocytes is age-dependent and occurs between the 

early renal damage period and the onset of albuminuria [67, 69, 75]. 

Electron microscopy reveals layered membrane structures that look like the so-called 

zebra bodies in enlarged podocyte lysosomes. Lipid deposits are found mainly in endothelial 

cells, but less frequently in other cell types. Globotriaosylceramide (Gb3) was shown to be the 

main component of the stored material. 

The diagnosis of FD-associated nephropathy is difficult and should be differentiated from: 

glomerulopathies associated with podocyte pathology (podocytopathies), distal tubular acidosis, 

Fanconi syndrome, cardio-renal syndrome, renal uremia and perihilar cysts [75–77]. 

Symptomatic, nephroprotective treatment of FD patients with renal involvement must 

be combined with specific (causal) treatment. In the general management of patients, the 

recommendations based on the involvement of other organs should be taken into account. In 

the case of FD nephropathy, guidelines for the treatment of CKD should be followed [78]. There 

is currently no strong evidence for the renal-protective effect of drugs from the angiotensin-

converting enzyme (ACE) inhibitor or angiotensin-receptor blocker (ARB) groups and flosins, 

routinely used for nephroprotection, but given their proven beneficial renal and cardiovascular 

effects in CKD patients, their administration may be considered in individual cases of FD [79].  

Qualification for the initiation of renal replacement therapy in people with FD should be in 

accordance with the principles applicable to the population of patients in stage 5 of CKD, 

following the Kidney Disease: Improving Global Outcomes (KDIGO) [13]. The choice of type 

of dialysis (hemodialysis, peritoneal dialysis) depends on the individual patient’s preference.  



The results of kidney transplantation in terms of graft and patient survival are similar to 

those obtained after kidney transplantation for other reasons. However, in FD patients, long-

term graft survival may be adversely affected by cardiovascular involvement. Recurrence of 

FD nephropathy after renal transplantation (confirmed by histological examination) has been 

observed, with no impact on long-term graft survival [79]. 

 

CLINICAL PICTURE AND NEUROLOGICAL DIAGNOSIS  

Patients diagnosed with FD are at high risk of developing and intensification of neurological 

symptoms. These include symptoms of peripheral nerve damage and signs of vascular brain 

damage [80, 81].  

 

Symptoms of peripheral nerve damage  

The first neurological symptoms may appear as early as childhood or adolescence and these are 

the so-called acroparesthesias, i.e. chronic pain, usually in the hand and/or foot area, described 

by patients as burning, tingling, breaking or a feeling of constant discomfort [82]. These 

symptoms usually occur with varying intensity throughout the day. Such chronic pain 

conditions may be accompanied by the so-called Fabry crises, i.e. attacks of very strong, tearing, 

breaking, burning pain, initially felt in the hands and feet, and then radiating to other parts of 

the body. The crises are very exhausting and can last from a few minutes to several days and 

are usually caused by a cold, heat, physical or emotional stress, comorbidities or alcohol 

consumption. During that period, decreased sweating, reduced saliva and tear production, 

impaired bowel motility, orthostatic disturbances and dizziness may occur [83]. This is the 

result of fine fibre neuropathy, which in FD is due to damage to A-delta fibres.  

Neuropathic pain associated with FD occurs in 77% of men and 70% of women [84]. 

It is believed that hearing loss — found in as many as 41% of men and 23.3% of women, tinnitus 

— found in 38% of men and 25% of women, and frequent dizziness are the result of narrowing 

of the vessels of the cochlea and vestibule of the ear, globotriaosylceramide deposits in the 

spiral ganglion of the cochlea and vestibular structures and ischemic neuropathy of the auditory 

nerve. Hearing impairment appears already in early childhood [84].  

It should be noted that autonomic functions are usually preserved in FD. Rarely, 

autonomic disorders occur in the form of: heart rate variability, orthostatic pressure drops and 

sexual disorders. These symptoms, if they occur, are usually a consequence of organ damage 

due to globotriaosylceramide deposits in the cells [84]. 

 



Vascular brain damage 

The first symptoms of vascular brain damage in FD patients are noticeable later than symptoms 

of peripheral nerve damage. The risk of these symptoms increases with age, and they appear 

already in early adulthood [84–89]. 

The neurological symptoms observed in transient ischemic attack (TIA) or ischaemic 

stroke are typical of the disease; there are no TCI- or stroke-specific symptoms characteristic 

of FD alone [85]. The following mechanisms are considered in the pathomechanism of 

TIA/ischaemic stroke in the course of FD: overproduction of free radicals, endothelial 

dysfunction, prothrombotic state [87] and cardiac arrhythmias [8].  

Stroke in FD accounts for 5% of all cryptogenic strokes [87]. TIA/ischemic stroke 

occurs in approximately 25% of men and 21.5% of women [84, 85].  

It is worth remembering that magnetic resonance imaging of the brain can reveal typical, 

but non-specific, changes in the form of multiple ischaemic foci, microhemorrhages (11%-30%), 

white matter lesions, arteriopathy of vertebral and basilar arteries and the so-called pulvinar 

sign [80]. Thrombosis of veins and venous sinuses as well as arterial dissection is also described 

[88]. White matter lesions occur in approximately 80% of FD patients. Their localisation is not 

specific to the disease. Interestingly, long-term enzyme replacement therapy can result in 

stabilisation or even regression of such lesions [87]. Arteriopathy of the vertebral and basilar 

arteries, characteristic of FD, consists in their elongation, high tortuosity and the occurrence of 

focal aneurysmal dilatations of the arteries [87]. The so-called pulvinar sign is a hyperintense 

lesion seen in the thalamus on T1-weighted non-contrast MRI sequence or CT. Initially, it was 

thought to be a symptom typical of FD. However, it turned out to be present in only 3% of 

patients and it is now considered that such a lesion — due to its rarity and lack of specificity — 

is not FD-specific [80, 87]. The progressive nature of cerebrovascular lesions leads, over time, 

to cognitive and dementia disorders and psychiatric symptoms in the form of depression, 

anxiety, panic attacks or adaptive disorders [87].  

 

Management of neurological disorders 

Every FD patient should be monitored for signs of peripheral nervous system damage and 

vascular brain damage.  

Once a year, medical examinations should be performed for neuropathic symptoms:  

— history of typical FD pain symptoms, 

— assessment of pain intensity, heat and cold intolerance using standard scales, 



— vibration sensory threshold (preferably quantitatively) and assessment of the autonomic 

system function, including changes in blood pressure in response to standing upright,  

— confirmation of fine fibre neuropathy by skin biopsy (once) [87],  

— monitoring of hearing impairment according to individual patient needs.  

Considering the assessment of vascular changes in the brain, it is recommended to: 

— perform the first MRI in men at the age of 21 and in women at the age of 30, 

— monitor MRI brain images every 3 years, unless there is a clinical need and the 

examination should be performed earlier. In patients with contraindications to MRI, brain 

imaging with CT should be performed.  

The treatment of neuropathic pain, in addition to specific treatment, should include: 

— first step: anticonvulsants, for example carbamazepine, gabapentin and pregabalin, 

— then: serotonin and noradrenaline reuptake inhibitors, for example duloxetine [83, 86], 

— other medications listed in current recommendations for the treatment of neuropathic pain 

— it is important to avoid pain triggers through lifestyle modification, for example, 

avoiding extreme temperatures, staying hydrated, using air conditioning, cooling 

waistcoats, face mists/sprays [83, 86]. 

Secondary prophylaxis of ischaemic stroke in FD should follow the recommendations for 

stroke [7]. No data on primary prophylaxis in FD are available [87].  

 

CLINICAL PICTURE AND RHEUMATOLOGICAL DIAGNOSIS 

In childhood, the first clinical signs are mainly musculoskeletal pain complaints, which increase 

with the duration of the disease (chapter: Fabry disease in children). Unfortunately, the 

symptoms are non-specific, which can often steer the diagnosis down the wrong path and be a 

diagnostic trap. This is why it is estimated that only 35% of patients with FD are correctly 

diagnosed. Among musculoskeletal symptoms in children and adolescents, burning pain in the 

limbs and numbness in the hands and feet (acroparaesthesias) predominate, and all age groups 

experience paroxysmal pain in the hands, feet, wrist and ankle joints.  

It is worth noting that musculoskeletal symptoms depend on the duration and severity 

of the disease. In the early stages of FD, atypical musculoskeletal symptoms predominate. 

These are mainly limb pain, acroparaesthesias, polyneuropathies and sweating disorders (“FD 

rheumatological red flags”). In the later stages of the disease, the pain becomes chronic and 

generalised, and there is significant musculoskeletal impairment and multi-organ failure. The 

diagnosis of congenital metabolic disorder (FD, Gaucher’s disease, and mucopolysaccharidosis 

type I, II, VI) as causes of musculoskeletal complaints allows the implementation of appropriate 



pharmacological intervention. The survey results of 360 rheumatologists and paediatricians 

showed a low level of knowledge about this disease [88–92].  

Rheumatological symptoms of FD: 

— acroparaesthesias (burning pain aggravated by heat, sun exposure, exertion, fever), 

— small fibre neuropathy, 

— dysautonomia, 

— chronic joint pain, 

— metabolic arthritis, 

— deformation of the interphalangeal joints (drum flail fingers and toes),  

— Charcot like arthropathy, 

— gout, 

— osteopenia, early-onset osteoporosis, 

— osteoporotic fractures, 

— carpal tunnel syndrome, 

— avascular necrosis and amputations (rare), 

— hypohidrosis/anhidrosis. 

A diagnostic clue for rheumatologists is the coexistence of joint pain and burning pain in 

the limbs — acroparaesthesia — resulting from metabolic polyneuropathy, which often 

manifests as numbness, tingling and stinging in the fingers and toes [93, 94]. 

The causes of polyneuropathy in FD are complex and include: 

— diabetes, 

— vitamin B1, B6 and B12 deficiencies, 

— systemic vasculitis, 

— monoclonal gammopathy, 

— Guillain–Barré syndrome. 

FD pain is neuropathic and is the most common symptom during developmental age (up 

to 3 years). Patients describe its bimodal nature. The first type is a severe, burning episodic pain 

that starts in the limbs and spreads throughout the body, lasting for several hours or days, not 

disappearing after pain medication, referred to as Fabry’s crisis. The second type of pain is 

constant and chronic, with burning, stabbing and paraesthesias. This type presents in about 80% 

of FD patients in adulthood and most women (heterozygotes) in their first two decades of life. 

Exposure to heat, stress, exertion, or fever can trigger and provoke pain [94]. It is often 

accompanied by abnormal sweat secretion and limb slimming. Pain and hypohidrosis are more 

common than excessive sweating. This results in intolerance to heat and exercise (symptom 



triggers) and often leads to patients missing school sports or being unable to participate in sports 

and recreation activities. The pain is probably related to the predominance of damage to small, 

unmyelinated fibres [95]. This clinical picture, together with complaints of joint pain, is very 

suggestive and may prove helpful in establishing the diagnosis, especially as most patients do 

not have joint effusion or synovitis, and ultrasound and electromyography findings are usually 

normal.  

True arthritis is also very rarely observed in the course of FD, which always requires 

differentiation between infectious and autoinflammatory causes [96–102]. Other conditions 

requiring differentiation from rheumatological lesions in FD may include systemic sclerosis, 

frostbite, erythromelalgia and growing pains in the limbs.  

Rheumatologic misdiagnoses of patients with FD [100–102] include the following: 

— arthritis,  

— systemic vasculitis (IgA vasculitis, Behçet’s disease, granulomatosis with polyangiitis), 

— systemic lupus erythematosus (SLE), 

— sarcoidosis, 

— Sjögren’s syndrome, 

— Rendu–Osler–Weber disease, 

— rheumatic fever, 

— antiphospholipid syndrome (APS), 

— fever of unknown origin (FUO), 

— Mediterranean fever. 

Rarer rheumatological manifestations of FD include: 

— polyarticular complaints resembling chronic arthritis or systemic autoimmune diseases 

[89, 93],  

— mono- or oligoarticular arthritis mimicking inflammatory and/or degenerative 

arthropathy and/or neuropathic arthropathy. Patients with ulcerative acropachy and 

lymphoedema without comorbid diabetes, amyloidosis, renal failure, leprosy or syphilis 

have also been described in the course of FD [103–104]. The authors suggested that 

ulcerative acropachy may be associated with changes in small nonmyelinated fibres: 

— Charcot foot — the destruction of the osteoarticular system of the foot as a result of 

neuropathic, microcirculatory and metabolic abnormalities similar to those in the diabetic 

foot, 

— gout in the course of chronic kidney disease due to FD,  

— sterile necrosis of the femoral head, 



— cardiomyopathy in combination with skeletal myopathy [104], 

— osteoporosis and osteopenia — comprehensive assessment is not routinely performed in 

patients with FD. The risk of osteoporosis in FD patients is associated with, among other 

things, the use of analgesics, immunosuppressants, and antiepileptic drugs, 

multimorbidity and low vitamin D levels, and delayed sexual maturation accompanied by 

gastrointestinal and endocrine disorders [105–112]. Literature data indicate that a very 

high proportion of FD patients are found to have osteopenia (50–88%) or osteoporosis 

[110–113].  

Laboratory diagnosis of FD patients is based on specific and non-specific biochemical 

markers, imaging studies and histological evaluation of biopsy specimens [112–116]. 

FD-specific biomarkers/bio-indicators in patients with rheumatological manifestations of FD 

are the same as for the involvement of other systems.  

Currently, no calcium–phosphate metabolism markers or bone turnover markers are 

recommended for diagnosing and monitoring musculoskeletal involvement in patients with FD.  

Symptomatic treatment of the rheumatological complications of FD should be 

combined with specific treatment. In addition to this treatment, symptomatic treatment is 

recommended to relieve pain and symptoms of osteoporosis, osteopenia and polyneuropathy 

(Table 4). Due to the potential for variability in the clinical picture, constant and systematic 

monitoring of FD musculoskeletal symptoms is necessary.  

 

CLINICAL PICTURE AND DERMATOLOGICAL DIAGNOSIS 

Skin lesions are characteristic and prominent symptoms of FD. The typical FD skin lesions are 

shown in Table 5. 

The most common FD skin lesions are diffuse angiokeratomas representing capillary 

malformations [117–120]. They present in approximately 65% of men and 35% of women. 

They usually adevelop between the ages of 5 and 10, and their number and size increase with 

age [117–121]. Clinically, they manifest as small, ranging from the size of a pinhead to 5 mm 

in diameter, flat, blotchy or slightly raised red to purplish-blue papules above the skin level, 

with slight surface keratosis, particularly evident in larger lesions. Angiokeratomas may be 

diffuse or occur in clusters. The most typical location is the region from the navel to the knees, 

involving the skin of the hips, buttocks and thighs [117–121]. The bilateral, symmetrical 

distribution of the lesions is characteristic. In men, the common location is the penile and scrotal 

skin. Because of the characteristic distribution of angiokeratomas in patients with FD, it is 

sometimes referred to as the swimming trunk pattern. Angiokeratomas may also develop on the 



oral mucosa and the conjunctiva. FD angiokeratomas require differential diagnosis with 

angiokeratoma of Fordyce, angiokeratoma of Mibelli, angiokeratoma circumscriptum 

naeviformis, acral pseudolymphomatous angiokeratoma of children (APACHE), penile 

angiokeratomas (PEAKERs) or idiopathic angiokeratoma [117].  

The second most common FD skin lesion is dilated small blood vessels, i.e. 

telangiectasias. They develop on the face, neck or other sun-exposed skin areas. They also 

appear on the vermilion border and the oral mucosa [117–120].  

Sweating disorders — the most common is reduced sweating (hypohidrosis), diagnosed 

in more than 50% of men and almost 30% of women. Complete absence of sweating (anhidrosis) 

affects 25% of men and almost 5% of women. Much less frequently, increased sweating 

(hyperhidrosis) may occur, affecting 6% of men and more than 12% of women. Sweating 

disorders and neuropathic pain alter temperature sensation [117, 118, 120].  

Bushy eyebrows represent the numerous facial dysmorphic features termed the Fabry 

face [120].  

The skin manifestations of FD also include cutaneous pain, particularly in the distal 

parts of the hands and feet. This pain is often paroxysmal and described by patients as burning.  

Dermoscopy and histological examination of skin biopsy specimens can be used in 

doubtful cases. Dermoscopy reveals red to blue and black vascular areas with clear borders 

[120]. Histopathological examination reveals vascular proliferations in the dermis, erythrocyte-

filled vascular spaces and acanthotic or orthokeratotic epidermis. GL3 deposits are found in the 

endothelial cells of the dermis vessels [117, 120].  

 

Diagnostic algorithm — summary 

The diagnosis of FD and the multi-organ complications associated with its development should 

always include comprehensive investigations of all potentially involved organs. The proposed 

set of basic laboratory and imaging investigations in patients with FD (Tables 6 and 7) should 

be considered preliminary, personalised and possibly expanded depending on the clinical 

picture and the function of the affected organs.  

 

GENETIC DIAGNOSIS 

The molecular basis of FD is a defect in the GLA gene (OMIM 300644) located on the long 

arms of the X chromosome (Xq21.3-q22), which encodes the lysosomal enzyme α-Gal A. The 

coding part of the gene consists of 1,290 base pairs (bp), is divided into seven exons ranging in 

size from 92 to 291 bp and encodes a protein composed of 429 amino acids.  



The diagnosis of FD is based on determining an enzyme deficiency and identifying a 

pathogenic variant in the GLA gene. To date, more than 750 sequence variants within the GLA 

gene have been described, including ones that truncate the protein (nonsense and frameshift 

mutations), lead to its misfolding (alternative splicing variation), alter its structure (structural 

missense variation) or affect its function (functional missense variation).  

Some mutations described so far are associated with specific populations/ethnic groups. 

In 1991, the founder effect for the p.Ala143Pro variant was described in Nova Scotia (an 

Atlantic province of Canada); later, the c.640-801G>A variant, a non-classic (late-onset) 

phenotype with a dominant cardiac presentation, was shown to be relatively popular in 

Taiwanese, Japanese or Chinese populations.  

The genetic diagnosis of FD is based on the sequencing of the entire GLA gene, i.e. 

all its exons together with flanking intron regions. The classic Sanger sequencing technique, 

which was initially used, has been superseded by next-generation sequencing (NGS) for about 

a decade. The GLA gene testing can be either targeted or based on gene panels involved in the 

pathogenesis of hereditary cardiomyopathies, nephropathies or other symptoms presenting in 

the patient. Although more costly, panel testing is usually preferred, as it allows for a 

simultaneous differential diagnosis of many different (ultra-)rare conditions that may cause the 

disease. In some cases, FD is detected incidentally as a result of an extended genetic diagnosis 

of a patient with a non-specific phenotype.  

Recently, exome sequencing (ES), also known as whole exome sequencing (WES), with 

subsequent bioinformatics analysis of a selected set of genes (gene panel) or all genes, has 

become increasingly common. However, it is important to recognise that although NGS is 

currently the gold standard for diagnosing inherited diseases, it still has numerous limitations. 

Standard protocols cannot detect complex gene rearrangements, multiple copy number 

variations and changes within regulatory DNA elements (promoters, introns, enhancers, 

silencers, etc.). Therefore, it is important that the laboratory performing the testing is familiar 

with the specific molecular alterations of the gene in question and has the skills to interpret the 

results correctly. Interpretation of pathogenicity variants should be carried out following the 

latest guidelines (e.g. criteria of the American College of Medical Genetics/Association of 

Molecular Pathologists (ACMG/AMP), ACGS Best Practice Guidelines for Variant 

Classification and national recommendations of scientific societies).  

In Poland, the Quality Certificate of the Polish Society of Human Genetics is the 

measure of the quality and correctness of the results. Despite adherence to these 

recommendations and quality control, not all genetic tests give a clear answer. Approximately 



5%–10% of results are estimated to be inconclusive. Due to the method's limitations, a 

pathogenic variant may not be detected, or variants of unknown significance (VUS) may be 

found. In this case, a functional assay is conclusive — measuring the enzyme activity in vivo 

(for hemizygous males) or in vitro for variants present in females — the latter, unfortunately, is 

only possible through scientific collaboration. An in-depth analysis of the structure-to-function 

relationship of the effect of a specific mutation on enzyme activity is not only relevant for 

assessing the prognosis of the patient but also helps to determine the response to treatment with 

selected chaperones.  

As mentioned above, NGS makes it possible to detect FD even in people in the 

asymptomatic phase. The GLA gene is the so-called useful gene listed in the list of actionable 

genes published by the American College of Medical Genetics and Genomics 

(https://www.ncbi.nlm.nih.gov/clinvar/docs/acmg/). According to these recommendations, 

anyone with an indication for exome testing (e.g. for other health reasons: cancer, neurological 

disease or autism spectrum disorders) can agree to extend their test to include analysis of genes 

on this list.  

 

TREATMENT  

The decision to start specific therapy should be made by a specialist, in consultation with the 

patient and their family, in a centre conducting diagnosis and treatment of FD. In Poland, 

treatment cost reimbursement is possible under a therapeutic programme (Fabry disease 

treatment — ICD 10: E.75.2) [121]. The decision to treat is a two-step process. The physician 

sends an application containing the results of necessary laboratory tests, imaging and 

consultations. The final decision on eligibility for treatment is made by the Coordination Team 

for Ultra-rare Diseases appointed by the President of the National Health Fund. The 

effectiveness of the treatment is verified every 6 months, based on the assessment of the clinical 

condition and the effectiveness of the therapy.  

Currently, targeted treatment under the National Health Fund therapeutic programme for 

patients meeting the eligibility criteria involves the selection of: 

— enzyme replacement therapy (ERT) — recombinant forms of human alpha-

galactosidase (agalsidase α and agalsidase β) or  

— migalastat — an oral chaperone protein (chaperone therapy) that facilitates the transport 

of α-Gal A into lysosomes. The drug can only be used in people with a mutation defined 

as "sensitive" to treatment (https://galafoldhcp.com/check-amenability). 



Enzyme replacement therapy involves intravenous administration of recombinant α-GAL 

A enzyme, which is deficient or inactive in FD patients. Infusions of the drug, usually every 

two weeks, can alleviate symptoms and improve patients' quality of life, as well as reduce the 

risk of renal, cardiac and cerebral complications [122]. The overall efficacy of agalsidase α and 

agalsidase β has not been directly compared in long-term randomised trials [123]. A CFDI study 

and a Cochrane meta-analysis (based on a systematic review of the literature) showed 

comparable efficacy of agalsidase α and agalsidase β at doses administered according to the 

SmPC. Similar conclusions are presented in international guidelines, which emphasise the lack 

of advantage in terms of the effectiveness of any of the therapeutic options. It is recommended 

to administer agalsidase α at a dose of 0.2 mg/kg body weight every 2 weeks, by intravenous 

infusion over 40 minutes, or agalsidase β at a dose of 1.0 mg/kg body weight every 2 weeks, 

by intravenous infusion at a rate of no more than 15 mg/hr during the first infusion. If well 

tolerated, the infusion rate can be gradually increased during subsequent administrations of the 

drug [124–130]. 

Migalastat is an oral pharmacological chaperone registered for use in patients at the age 

of 16 and over with a “drug-sensitive” mutation. The safety and efficacy of migalastat has been 

confirmed in both a blinded randomised trial [131] and the phase III FACETS and ATTRACT 

studies (comparison with ERT), which showed a reduction in left ventricular mass and 

stabilisation of renal function and plasma lyso-Gb3 levels [132, 133]. Similar results were 

confirmed in later publications, both in patients who started their first migalastat therapy and in 

patients who had previously received ERT and changed therapy to migalastat [134, 135]. 

There is no evidence on the optimal age at which it is best to start the treatment, so there 

are no uniform guidelines or conditions as to when to start infusions, and guidelines vary from 

country to country. Indications for initiating treatment include the patient's clinical condition 

and observation of signs or symptoms related to FD, as well as records of indications. 

Detailed criteria for initiating FD treatment are the subject of separate studies [122, 136] 

— examples of organ indications are shown in Table 8. 

Many experts, including the authors of this paper, tend to favour simplified indications 

for the treatment of FD: 

— in men with classic FD when there are early clinical signs of renal, cardiac or cerebral 

involvement, no earlier than at the age of 8 (for migalastat >16 years of age) and/or even 

if there are no symptoms or signs of organ damage and the mutation found is described 

as pathogenic, 

https://ojrd.biomedcentral.com/articles/10.1186/s13023-015-0253-6
https://ojrd.biomedcentral.com/articles/10.1186/s13023-015-0253-6
https://ojrd.biomedcentral.com/articles/10.1186/s13023-015-0253-6


— in women and men with non-classical FD when there are early clinical signs of renal 

involvement (e.g. hyperfiltration, tubular dysfunction, albuminuria), heart or brain 

involvement, 

— in women with non-classical FD, when there are early clinical symptoms of FD [2], 

— agalsidase α, as stated in the SmPC, can be used in children (Poland has experience with 

the use of the drug in children from the age of 6). 

A patient with FD is at risk of developing chronic kidney disease. Initially, albuminuria 

or an abnormal glomerular filtration rate (GFR <60 ml/min/1,73 m2 or >130 ml/min/1,73 m2)]. 

A condition considered an early marker of nephropathy in FD is glomerular hyperfiltration, 

defined as a GFR greater than 130 ml/min, adjusted for age (>40 years: -1 ml/min/1.73 m2/year) 

[137]. In a randomised clinical trial in a paediatric population, arteriolopathy and segmental 

glomerulosclerosis with obliteration of the glomerulus were found in all patients with normal 

GFR and no albuminuria (uACR <30 mg/g) in those who underwent renal biopsy. This 

observation suggests treatment even without a diagnostic biopsy, with an automatic diagnosis 

of chronic kidney disease, in all men with a confirmed pathogenic mutation. 

Cardiac changes with the phenotype of hypertrophic cardiomyopathy and/or arrhythmia 

and/or conduction disorders, as well as stroke are classic indications for treatment [2, 17, 122, 

137]. In the absence of renal, cardiac, nervous system, vascular or gastrointestinal changes, pain 

alone that reduces the quality of life may be a sufficient reason to initiate ERT. 

Overall, the available evidence suggests that ERT slows the progression of renal disease 

and results in a reduction in the features of cardiac hypertrophy, especially when initiated before 

the onset of fibrosis. It has also been found that ERT treatment does not reduce the incidence 

of stroke [138]. Enzymatic replacement therapies are among the therapies with well-established 

evidence of efficacy and safety, are well-documented and have the longest current track record 

(more than 20 years) in actual clinical practice. 

Enzyme replacement therapy may also be considered in patients with severe renal failure 

(migalastat is contraindicated in such patients), dialysis patients, renal transplant patients or 

those with cognitive impairment [122]. 

Clinically significant FD kidney disease does not recur in the transplanted kidney, 

although some recipients may develop Gb3 deposition in endothelial cells that does not 

compromise graft function. 

Contraindications to specific treatment in FD are few and depend on the assessment of 

the individual patient’s condition [121]. Some guidelines list the following contraindications 

[136]: 

https://ojrd.biomedcentral.com/articles/10.1186/s13023-015-0253-6


— severe multi-organ failure or other comorbidities leading to a life expectancy of less than 

1 year, 

— advanced-stage renal, cardiac or brain disease that does not respond to specific therapy, 

— cognitive function decline due to any cause or lack of improvement after 1 year of 

treatment when the only indication for therapy is neuropathic pain, 

— non-compliance with medical instructions or irregular attendance at appointments, 

— allergy to the components of the preparations or the occurrence of severe allergic 

reactions during infusion without the possibility of switching to another drug, 

— patients with severe chronic renal failure with GFR of 30 ml/min/1.73 m2 should not 

receive migalastat. 

Additionally, a situation may arise that requires termination of specific therapy. In the 

drug programme for agalsidase α or agalsidase β or migalastat, such cases are: 

— hypersensitivity to an active ingredient or to any of the excipients, 

— serious adverse events, 

— initiation of therapy with chloroquine, amiodarone, monobenzone or gentamicin — 

applies to treatment with agalsidase α or agalsidase β, 

— pregnancy or lactation, 

— significant disease progression despite treatment, 

— lack of cooperation of the patient during the programme implementation [120]. 

 

Immunogenicity — formation of agalsidase antibodies  

Enzyme replacement therapy with recombinant α-GAL A can lead to the formation of 

neutralising anti-drug antibodies (ADA), which limit the efficacy of treatment in patients with 

FD. In line with the conclusions of van der Veen’s work from 2020, a statistically significant 

increase in the risk of developing antibodies occurred in men, especially in the case of nonsense 

mutations (P = 0.05), high baseline lyso-Gb3 concentrations (P <0.01) and the use of agalsidase 

β as initial therapy (P = 0.006) [137]. 

Clinical trials have shown the formation of ADAs against recombinant agalsidase α in 

24% of patients (17% after 12 months) and agalsidase β in more than 50% of patients [136–

148], mostly IgG with peak concentrations around 3 months after first administration. In one of 

the studies, 3 patients were withdrawn after confirming the presence of immunoglobulin E in 

serum (IgE) or positive skin tests [149]. However, all of them successfully resumed therapy 

later on, and none developed anaphylaxis. 



The presence of neutralising antibodies reduces the efficacy of ERT [150]. Exogenous 

α-GAL A forms complexes with antibodies in the bloodstream, which reduces the response to 

ERT. In the study by Lenders et al. inhibition was not dependent on the initially used compound 

(agalsidase α or agalsidase β). Additionally, agalsidase inhibition was associated with more FD 

symptoms, including increased bowel dysfunction, fatigue and neuropathic pain. Higher doses 

of ERT may eliminate neutralising antibodies [150]. At the same time, dose escalation may 

result in a heterogeneous, unpredictable ADA response [151]. Regardless of the increase in 

ADA concentrations, Gb3 concentrations decreased and cardiac and renal parameters remained 

stable after the enzyme dose escalation. 

The analysis of the information contained in the summary of product characteristics 

shows that agalsidase β is more likely to trigger an immune response than agalsidase α. Cross-

reactivity between antibodies against agalsidase α and agalsidase β has also been demonstrated. 

Neutralising ADAs may not only inhibit the activity of infused α-GAL A, but can also inhibit 

the endothelial uptake of α-GAL A. It has been proven that internalised α-GAL A/ADA 

complexes may not dissociate, which emphasises the need to find new ways to reduce PPA to 

increase the effectiveness of therapy in patients affected by the disease [152].  

An alternative to dose escalation (to neutralise ADA) to overcome the problem of 

enzyme inhibition may be conversion to another molecule (from agalsidase α to agalsidase β or 

vice versa) [151]. The problem of the lack of standardised international standards for the 

determination of antibodies when assessing the immunogenicity of different ERT preparations 

remains unresolved.  

Interestingly, immunosuppression applied after renal transplantation was associated 

with lower antibody concentrations and reduced ERT inhibition in a group of men with FD after 

renal or heart transplantation [153]. Further prospective studies are undoubtedly necessary to 

assess the long-term impact of immunosuppression on the effects of ERT treatment and to 

determine whether people with high antibody concentrations will require different dosage 

regimens. 

 

Infusion-related reactions  

The incidence of infusion-related reactions (IRR), defined as any related adverse events 

occurring after the initiation of the infusion and up to 2 hours after the end of the infusion. In 

clinical trials, infusion-related reactions (at least 1 reported event) occurred in 13.7% of patients 

treated with agalsidase α and in 67% of patients receiving agalsidase β. The most commonly 

observed symptoms of IRR were hypersensitivity, pruritus, nausea, dizziness, chills and 



myalgia. Treatment of IRR depends on the severity of the reaction and includes reduction of 

the infusion rate, administration of antihistamines, antipyretics and/or corticosteroids. 

Premedication with antihistamines and/or corticosteroids may prevent further reactions in cases 

where symptomatic treatment was necessary. 

 

Rationale for clinical practice: 

• Male patients with poor clinical response (or worsening condition) to ERT infusions should be 

tested for agalsidase inhibition by anti-agalsidase antibodies. 

• It is recommended to review the summary of product characteristics for:  

Replagal 

https://ec.europa.eu/health/documents/community-

register/2016/20161006136213/anx_136213_pl.pdf 

Fabrazyme 

https://ec.europa.eu/health/documents/community-

egister/2021/20210617151811/anx_151811_pl.pdf) 

 

New therapies  

In May 2023, the European Medicines Agency (EMA) approved another form of the drug for 

use in the European Union for the treatment of FD as part of enzyme replacement therapy — 

pegunigalsidase α [19]. The drug was designed to provide a prolonged plasma half-life and 

potentially reduce the incidence of anti-drug antibodies (against recombinant agalsidase) [140, 

141]. Pegunigalsidase α showed no less effectiveness than agalsidase β in terms of the rate of 

loss of renal function — change in eGFR over 2 years. It has also been shown to have favourable 

tolerability and lower immunogenicity compared to other ERTs [141]. Several further clinical 

trials of new molecules are currently underway (Table 9) [142–146]. 

Moss α-GAL is a genetically derived form of α-GAL, currently in phase II and III of 

clinical trials. The source of the enzyme is a genetically modified moss — Physcomitrella 

patens. Hennerman et al. in a phase I study showed that moss α-GAL is safe and leads to 

prolonged reduction of Gb3 [146]. The enzyme enters cells differently from agalsidase α and 

agalsidase β — not through mannose-6-phosphate receptor-mediated endocytosis but directly 

through the mannose receptor, which is present on macrophages, endothelial cells and in the 

kidney. 

Lucearstat and venglustat inhibit glucosylceramide synthase and reduce Gb3 production 

(inhibition of substrate synthesis) [142–146]. In phase II of the clinical trial with venglustat, 

https://ec.europa.eu/health/documents/community-register/2021/20210617151811/anx_151811_pl.pdf


there were no biochemical or histological features of Fabry disease progression within 3 years 

of the follow-up observation [146–154]. Currently, a phase III clinical trial of venglustat is 

being conducted by PERIDOT, in which the main endpoint is the severity of abdominal pain 

and neuropathic pain [146]. 

Gene therapy has the potential for a long-term cure for FD and tissue-targeted treatment. 

New data from early-phase experimental and clinical trials are promising, but further studies 

are needed to establish clinical efficacy and safety. It is hypothesised that the delivered gene 

for α-GAL will be highly expressed in target cells, which will secrete it and transport it to 

lysosomes via mannose-6-phosphate receptors. Successful gene therapy requires efficient 

transcription, mRNA stabilisation and inhibition of replication of the vector virus (e.g. 

lentivirus). Several techniques are being tested, e.g., using stem/progenitor cells and cDNA 

integration (with the use of lentivirus or adenovirus) or lipid nanoparticles with mRNA 

encoding the human α-GAL enzyme [144].  

 

NURSING CARE AND ORGANISATION OF FD CARE IN POLAND  

Nursing care for FD patients requires securing the patients during the administration of enzyme 

replacement therapy at regular 2-week intervals. The patients require efficient preparation for 

infusion and supervision of the administration with possible support in case of possible 

complications. Caring for FD patients can also take place in the home environment. An 

important role in the care of the patient at home is played by the community and family nurse 

who helps the patient in everyday activities that are particularly difficult for them, reduces or 

eliminates pain by participating in pharmacotherapy and the use of non-pharmacological 

methods of pain relief, teaches the patient and their family how to cope with care activities and 

provides psychological support to the patient and family. 

In Poland, a programme for the treatment of FD patients has been implemented since 

2018 (no. B.104). Currently, more than 135 adult patients and 11 children are treated in 30 

centres (Table 10). The Polish Forum for Fabry Disease has been operating since 2023, which 

brings together more than 40 experts from many fields of medicine.  
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Table 1. Most common symptoms of Fabry disease in children and adolescents 

Symptoms Prevalence Average age 

Pain 

(dysaesthesia, acroparesthesias, “Fabry 

crises”, pain crises in the hands and feet, 

muscle and joint pain, “whole body” pain) 

50%–70% 

7–9 years of age  

(may appear as early as 2–4 years 

of age) 

Sweating disorders 

(hypohidrosis or anhidrosis, less commonly 

hyperhidrosis) 

25%–60% 

5–10 years of age  

(may appear as early as 2–4 years 

of age) 

Vortex keratopathy (cornea verticillata) 

Other ocular symptoms include: cataracts, 

corneal and lens opacities, tortuous 

conjunctival and retinal vessels 

50%–70% 

8 years of age  

(vortex keratopathy can appear as 

early as infancy) 

Gastroenterological problems 

(nausea, vomiting, non-specific abdominal 

pain, diarrhoea, constipation) 

20%–50% 1–18 years of age 

Heat/cold intolerance 

Exercise intolerance 

Paroxysmal fevers 

40%–25% 

(heat intolerance 

is more common) 

5–15 years of age 
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Otological problems 

(hearing loss up to and including deafness, 

tinnitus, dizziness) 

20% (hearing 

loss) 

30%–40% 

(tinnitus) 

20%–40% 

(dizziness) 

10–15 year of life  

(hearing loss already at 2–4 years 

of age  

in boys) 

Angiokeratoma 

(other skin symptoms are telangiectasias) 
15%–40% 7–15 years of age 

Renal problems 

(albuminuria, proteinuria, hyperfiltration, 

isosthenuria) 

10%–20% 13–16 years of age 

Cardiovascular problems 

(arrhythmias and conduction disorders, 

valvular defects) 

15%–25% 

(valvular defects) 

5%–10% 

(conduction 

disorders) 

2%–7% 

(arrhythmias) 

10–15 years of age 

 

 

Table 2. Factors determining the inclusion of enzyme replacement therapy (ERT) for patients 

with Fabry disease (FD) aged over 50 years, which should be considered before starting the 

treatment 

Potential indications for the inclusion of 

ERT 

Potential contraindications to the inclusion 

of ERT 

Potential limiting effect on left ventricular 

hypertrophy/potential antiarrhythmic effect 

of ERT 

Lack of randomized trials in older population 

Counteracting the de novo appearance of 

left ventricular hypertrophy and fibrosis  

Difficulty in distinguishing between FD-

specific symptoms and symptoms associated 

with ageing 



Improving the quality of life of patients Symptomatic treatment of heart failure and/or 

renal failure — necessary to include treatment 

independently of ERT 

 

 

Table 3. Cardiological diagnostic algorithm for Fabry disease (red flags) 

Clinical picture, family history Symptoms (non-specific): dyspnoea, cardiac arrhythmias, 

reduced physical performance, dizziness, and headaches 

Family history: left ventricular hypertrophy, especially if 

there is no evidence of disease transmission, extra-cardiac 

symptoms typical of Fabry disease 

Electrocardiography  Shortened PQ interval — early stages of the disease, 

bradycardia, chronotropic incompetence, atrioventricular 

blocks, repolarisation abnormalities in the inferior-lateral 

leads (deep negative T waves) 

Echocardiography Left ventricular hypertrophy with preserved systolic 

function, reduced global longitudinal strain, mild to 

moderate dilatation of the ascending aorta, thickening of the 

mitral and aortic valves with mild to moderate regurgitation, 

papillary muscle hypertrophy 

Cardiac magnetic resonance Late gadolinium enhancement within the inferior and 

posterolateral wall, low native T1 mapping, low 

extracellular volume value 

 

 

Table 4. Strategies for symptomatic management of Fabry disease with a focus on the 

musculoskeletal system [29] 

• Avoidance of factors that trigger or exacerbate neuropathy: heat, cold, stress, exercise, 

fever, alcohol 

• Anti-inflammatory and antipyretic drugs — rarely effective 

• Carbamazepine, pregabalin and gabapentin — first-line treatment 

• Serotonin and norepinephrine reuptake inhibitors (duloxetine, venlafaxine) — first-line 

treatment 



• Lidocaine, capsaicin, tramadol — second-line treatment 

• Opioids (cannabinoids) — third-line treatment 

• Methadone, lamotrigine and botulinum toxin — fourth-line treatment 

 

 

Table 5. Fabry disease skin lesions 

• Diffuse angiokeratoma (angiokeratoma corporis diffusum) 

• Telangiectasia 

• Sweating disorders (anhidrosis, hypohidrosis, less commonly hyperhidrosis) 

• Bushy eyebrows 

• Cutaneous pain in the distal parts of the limbs 

 

 

Table 6. Laboratory tests in patients with Fabry disease 

Specific 

• Plasma lyso-Gb3 concentration 

• Anti-alpha-galactosidase antibody titresa 

• Genetic testing 

General 

• CBC with smear evaluation, Fe, electrolytes (K, Na, Mg), CRP, hsCRP, hCGb, TSH 

• Liver tests: AST, ALT, total bilirubin, GGTP, INR 

• Glucose (HbA1c), lipid profile 

Cardiovascular 

• NT-proBNPa, CKa, CK-MBa, troponina 

Renal 

• Urinalysis, proteinuria, albuminuria, podocyturiaa 

• Creatinine, eGFR, urea 
aIn selected cases, taking into account the clinical picture. bIn women 

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; CK, creatine kinase; 

CK-MB, creatine kinase-myocardial band; CRP, C-reactive protein; eGFR, estimated glomerular 

filtration rate; GGTP, gamma-glutamyl transferase; HbA1c, glycated hemoglobin; hCG, human 

chorionic gonadotropin; hsCRP, high-sensitivity C-reactive protein; INR, international normalised ratio; 



lyso-Gb3, globotriaosylsphingosine; NT-proBNP, N-terminal pro-B-type natriuretic peptide; TSH, 

thyroid stimulating hormone 

 

 

Table 7. Imaging studies in patients with Fabry disease 

Cardiac 

• Electrocardiography (ECG), monitoring (Holter monitor, ABPM) 

• Echocardiography, carotid ultrasound 

• Peripheral vascular ultrasounda 

• Cardiopulmonary exercise testing, stress echocardiography* 

• Coronary computed tomography angiography and/or coronary angiographya 

• Cardiac magnetic resonance imaging (evaluation of myocardial fibrosis),  

radioisotope studiesa 

Urinary tract (kidneys) 

• Abdominal ultrasound  

• Computed tomographya 

• Renal biopsy* 

Musculoskeletal system 

• Ultrasonography  

• Computed tomographya 

• Magnetic resonance imaginga 

• Biopsya 

Nervous system 

• Ultrasound of the carotid and vertebral and intracranial vessels 

• Computed tomography  

• Magnetic resonance imaging 

Dermatological 

• Dermoscopy  

• Biopsya 
aIn selected cases, taking into account the clinical picture 

 

 

Table 8. Organ indications for initiating treatment according to expert consensus [136] 



Renal (≥1 primary or ≥2 additional criteria met) 

Primary criteria: 

• Nephropathy in FD with reduced glomerular filtration ratea 

• Persistent proteinuria ≥500 mg/d/1.73 m2 after exclusion of other causes 

• High-risk pathological changes in kidney biopsy (glomerular hyalinisation, tubular 

atrophy, fibrosis or vascular sclerosis) — men only 

Additional criteria: 

• Hyperfiltration 

• Isolated proteinuria of 300 mg/d/1.73 m2 or more advanced than expected for age and 

sex, persisting for ≥1 year after exclusion of other causes 

• Renal tubular dysfunction 

• Hypertension persisting for ≥1 year 

• High-risk pathological changes in kidney biopsy (glomerular hyalinisation, tubular 

atrophy, fibrosis or vascular sclerosis) — women only 

Cardiac (≥2 of the criteria met) 

• Left ventricular wall thickness >12 mm in men and >11 mm in women 

• Left ventricular mass index based on two-dimensional echocardiography >20% of 

expected value for age 

• Left ventricular mass increase of ≥5 g/m2/year (based on 3 measurements in ≥1 year) 

• Left ventricular diastolic failure based on 2D echocardiography and Doppler 

echocardiography (grade 2 or 3 according to American Society of Echocardiography 

guidelines) and/or abnormalities in acoustic marker tracing 

• Loss of left ventricular circumferential strain gradient from base to the apex of the 

heart 

• Left atrial enlargement on two-dimensional echocardiography: parasternal long axis 

view >40 mm, left atrial volume index >34 ml/m2 

• Arrhythmias and conduction abnormalities: atrioventricular block, shortened PR 

interval, left bundle branch block, ventricular or atrial tachyarrhythmia, sinus 

bradycardia (not related to chronotropic negative drugs and not due to other causes) 

• Moderate or severe aortic or mitral regurgitation 

• Late contrast enhancement of the left ventricular muscle on magnetic resonance 

imaging 



• NT-proBNP concentration above the upper limit of reference values for age and sex 

or troponin concentration in a high sensitivity test (a proxy for fibrosis) exceeding >2 

times the upper limit of normal 

Neurological (≥1 criterion met) 

• History of stroke or transient cerebral ischemic attack 

• Severe and drug-resistant neuropathic pain 

• Sudden unilateral hearing loss after exclusion of other possible causes 

• Acute ischemic optic neuropathy after exclusion of other possible causes 

Gastrointestinal symptoms 

• Significant gastrointestinal symptoms that do not respond to other treatments for ≥6 

months or are associated with growth retardation or significant deterioration in the 

quality of life 

Abbreviations: FD, Fabry disease; NT-proBNP, N-terminal pro B-type natriuretic peptide 

 

 

Table 9. New therapies in clinical trials [142–156] 

Drug name 
Mechanism of 

action 

Route of 

administration 
Physiological effect 

Moss α-GAL  α-GAL from moss Intravenous 
Reduced accumulation of 

globotriaosylceramide (Gb3) 

Lucerastat 

Inhibits the enzyme 

glucosylceramide 

synthase 

Oral 

Reduced accumulation of 

glycosphingolipids, including 

glucosylceramide (GL-1) 

globotriaosylceramide (Gb3) 

Venglustat 

Inhibits the enzyme 

glucosylceramide 

synthase 

Oral 

Reduced accumulation of 

glycosphingolipids, including 

glucosylceramide (GL-1) 

globotriaosylceramide (Gb3) 

 

 



Table 10. List of centres providing treatment under the drug programme in Poland (data from 

June 29, 2024)  

LUBIN, Miedziowe Health Center, Department of Internal Medicine and Diabetology 

OLEŚNICA, District Hospital Complex, Department of Internal Medicine 

WAŁBRZYCH, Dr Alfred Sokolowski Specialist Hospital, Department of Nephrology 

WROCŁAW, Jan Mikulicz-Radecki University Clinical Hospital, Clinical Department of Nephrology 

TORUŃ, Ludwik Rydygier Voivodeship Polyclinical Hospital, Clinical Department of Nephrology, 

Diabetology and Internal Medicine 

LUBLIN, Independent Public Clinical Hospital No. 4, Clinical Department of Neurology; Clinical 

Department of Nephrology, Transplantology and Internal Medicine 

ŁÓDŹ, Polish Mother’s Health Centre Institute, Department of Developmental Neurology and 

Epileptology 

PABIANICE, Pabianice Medical Centre Sp. z o.o., 1st Internal Medicine Department; Children’s 

Department 

ŁÓDŹ, Independent Public Health Care Center, Central Teaching Hospital of the Medical University 

of Łódź, Department of Electroradiology; Department of Nephrology, Hypertensiology and Kidney 

Transplantology 

KRAKÓW, St John Paul II Specialist Hospital, Clinical Department of Cardiovascular Diseases with 

Cardiac Intensive Care Unit 

KRAKÓW, Ludwik Rydygier Specialist Hospital in Kraków Sp. z o.o., Department of Neurology and 

Brain Strokes with a Stroke Division 

KRAKÓW, University Children’s Hospital of Cracow, Department of Pediatrics, Rheumatology and 

Rare Diseases 

WARSZAWA, Children’s Memorial Health Institute in Warsaw, Department of Pediatrics, Nutrition 

and Metabolic Diseases 

WARSZAWA, Institute of Psychiatry and Neurology, 1st Department of Neurology 

SIEDLCE, St John Paul II Voivodeship Hospital of the Mazowieckie Voivodeship in Siedlce Sp. Z 

o.o., Department of Neurology with a Stroke Division 

WARSZAWA, Cardinal Stefan Wyszyński Institute of Cardiology — National Research Institute, 

Department of Coronary Artery Disease 

WARSZAWA, University Clinical Centre of the Medical University of Warsaw, Clinical Department 

of Nephrology, Dialysis Therapy and Internal Medicine 

RZESZÓW, St Jadwiga the Queen Voivodeship Clinical Hospital No. 2 in Rzeszów, Department of 

Internal Medicine, Nephrology and Endocrinology with Nuclear Medicine Laboratory; Department 

of Child Neurology 



KROSNO, St John Paul II Voivodeship Hospital of the Podkarpackie Voivodeship in Krosno, 

Department of Internal Medicine and Metabolic Diseases 

BIAŁYSTOK, University Clinical Hospital in Białystok, Nephrology Outpatient Clinic; 2nd 

Department of Nephrology, Hypertensiology and Internal Medicine with Dialysis Center 

GDAŃSK, Copernicus Healthcare Entity Sp z o.o., Department of Neurology 

GDAŃSK, University Clinical Center, Department of Renal Diseases and Hypertension in Children 

and Adolescents; Department of Developmental Neurology 

GDAŃSK, University Clinical Center, Department of Nutrition, Transplantology and Internal 

Medicine; Department of Adult Neurology 

KATOWICE, Prof. Leszek Giec Upper-Silesian Medical Center of the Medical University of Silesia, 

1st Department of Cardiology 

KIELCE, Voivodeship Polyclinical Hospital in Kielce, Clinical Department of Nephrology and 

Kidney Transplantology 

OLSZTYN, Voivodeship Specialist Hospital in Olsztyn, Department of Neurology 

POZNAŃ, University Clinical Hospital in Poznań, Nephrology Outpatient Clinic; Clinical 

Department of Nephrology, Transplantology and Internal Medicine 

KOŁOBRZEG, Regional Hospital in Kołobrzeg, Department of Neurology with a Stroke Division 

SZCZECIN, Prof. Tadeusz Sokołowski University Clinical Hospital No. 1 of the Pomeranian Medical 

University in Szczecin, Department of Endocrinology, Metabolic Diseases and Internal Medicine 

 

 



 
Figure 1. Electrocardiographic image of a 43-year-old man with Fabry disease during 

electrophysiological examination. The shortened PR interval and deformed (by hypertrophy) 

QRS may suggest typical pre-excitation (conduction by an accessory pathway with Kent bundle 

physiology), but coupled pacing reveals conduction with decrement, typical of physiological 

pathways 

 

 

 



 
Figure 2. Echocardiographic changes in Fabry disease progression with myocardial 

involvement. A. Speckle-tracking echocardiography, reduced basal segment shortening 

function on the left ventricular inferior wall, preserved apical segment shortening function. B. 

Apical four-chamber view, visible atrial enlargement, concentric thickening and granular 

echostructure of the left ventricular muscle. C. Modified apical two-chamber view — marked 

hypertrophy of the left ventricular inferior wall can be seen D. Transverse apical view — 

marked hypertrophy of the apical segments of the inferior wall can be seen 

 

 

 
Figure 3. Cardiac magnetic resonance using late gadolinium enhancement in a patient with 

Fabry disease. Fibrosis of inferolateral wall segments to anterolateral wall segments (arrows) 



in two patients; the first with increased myocardial thickness (A and B), and the second with 

wall thickness at the upper limit of the norm 


