
Selection of our books indexed in the Book Citation Index 

in Web of Science™ Core Collection (BKCI)

Interested in publishing with us? 
Contact book.department@intechopen.com

Numbers displayed above are based on latest data collected. 

For more information visit www.intechopen.com

Open access books available

Countries delivered to Contributors from top 500 universities

International  authors and editors

Our authors are among the

most cited scientists

Downloads

We are IntechOpen,
the world’s leading publisher of

Open Access books
Built by scientists, for scientists

12.2%

186,000 200M

TOP 1%154

6,900



1

Chapter

Fabry Disease
Ida Kåks and Peter Magnusson

Abstract

Fabry disease (FD) is a lysosomal storage disorder where deficient or completely 
absent activity of the enzyme α-galactosidas A leads to accumulation of globotriao-
sylceramide (Gb3) and other glycosphingolipids in lysosomes. The condition is rare, 
approximately 1:50,000, although underdiagnosis seems frequent. The condition 
can affect multiple organ systems, including the skin, nervous system, kidneys, and 
heart. Early manifestations include skin lesions (angiokeratoma), neuropathic pain, 
and gastrointestinal symptoms. Later on, FD can result in cardiomyopathy, kidney 
failure, and stroke. Both lifespan and health-related quality of life are affected nega-
tively by FD. Patients are divided into a classical or a non-classical phenotype based 
on presentation, where the diagnosis of classical FD requires that a set of specific 
criteria are met. Patients with non-classical FD often have a less severe disease 
course, sometimes limited to one organ. The hereditary pattern is X-linked. Thus, 
men are in general more severely affected than women, although there is an overlap 
in symptomatic burden. Two types of specific treatment options are available: 
enzyme replacement therapy and pharmacological chaperone therapy. In addition 
to this, management of each organ manifestation with usual treatment is indicated.

Keywords: Fabry disease, hypertrophic cardiomyopathy, left ventricular 
hypertrophy, lysosomal storage disorder

1. Introduction

Anderson-Fabry disease, generally referred to as Fabry disease (FD), is a 
lysosomal storage disorder where the activity of lysosomal enzyme α-galactosidas 
A is deficient or completely absent. This leads to accumulation of globotriaosylce-
ramide (Gb3) and related glycosphingolipids inside the lysosomes [1], organelles 
which, among other things, are responsible for degradation of cellular waste [2]. 
FD is a rare condition, and the reported incidence varies greatly between sources, 
with reported incidences in the ranges of 1 in 40,000 [3], 1 in 117,000 [4], and 1 
in 476,000 [5]. However, when screening newborn males a prevalence of around 
1 in 3,100 was found in Italy [6] and 1 in 1,250 in Taiwan [7], suggesting the true 
prevalence is higher than previously thought [1].

2. Historical overview

In 1898, the German physician Johannes Fabry and the British surgeon William 
Anderson independently of each other reported seeing patients with angiokera-
toma, a classical skin lesion associated with the disease [8–10]. Back then, physi-
cians lacked knowledge about the underlying causes for the dermatoses they were 
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describing, and the meaning of additional symptoms were mostly unknown [11]. 
Hence, FD was initially considered a purely dermatological disorder. Anderson 
did, however, describe proteinuria. No one else in the patient’s family was affected. 
Fabry’s patient had a paternal grandfather who passed away from “kidney trouble” 
at an age of 49 years, and the patient himself died of lung disease at 44 years of age. 
The average life expectancy in the general population in the year 1900 was about 
40 years [11]. In 1963 the mainly accumulated substance, Gb3, was identified [12]. 
A few years later, deficient α-galactosidas activity was described, followed by the 
discovery of the gene coding for α-galactosidas A. To date, almost a 1,000 muta-
tions have been identified in this gene, although many of the mutations still have an 
unknown significance and it is unclear whether they cause FD [8].

3. Disease manifestations

Symptoms generally appear between ages 3 and 10 in males, and a few years later 
in females [1]. Pain is among the first symptoms to manifest, and it can be either as 
episodic crises or as chronic pain. Most often, it presents as episodic sensations that 
radiate proximally from the extremities, which can be burning or shooting in char-
acter. The pain crises can consist of excruciating pain spreading all across the body. 
Physical exercise and thermal stimuli are triggers of the pain [13]. In addition to 
this, patients with FD can suffer from heat intolerance due to an- or hypohidrosis. 
In some patients, the pain decreases as they reach adulthood [1]. Other symptoms 
that may develop early are gastrointestinal problems (abdominal pain, diarrhea, 
vomiting), angiokeratoma (small spots on the skin, dark-red and raised), tinnitus 
and corneal changes (cornea verticillata, rarely affecting vision, Figure 1) [1].

For a definite diagnosis of FD, presence of an α-galactosidas A gene mutation 
needs to be present. Furthermore, in males an α-galactosidas A deficiency of ≤5% 
of mean reference value in leukocytes is an additional criterion, whilst in females 
α-galactosidas A in leukocytes may be normal or deficient. Additionally, one of the 

Figure 1. 
Cornea verticillata, seen as sub-epithelial brown lines. From Germain [1]. Courtesy: Dr. Juan-Manuel 
POLITEI, Buenos-Aires, Argentina. Licensed under CC BY 2.0.
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following must be present: at least one characteristic sign of FD (neuropathic pain, 
cornea verticillata, or clustered angiokeratoma), increased plasma Gb3 (in the range 
of males with definite FD diagnosis), or a family member with definite FD with the 
same α-galactosidas A gene mutation [14].

FD is divided into a classical or a non-classical phenotype, where the diagnosis 
of classical phenotype in males is based on presence of an α-galactosidas A gene 
mutation, very low or completely absent enzyme activity, and one of the following 
signs: angiokeratoma, cornea verticillata, or very high Gb3-levels [15]. Hemizygous 
males are in general the ones most severely affected, although heterozygous females 
often have serious manifestations, which affect both quality of life and lifespan 
[16]. The varying severity of FD in females, where some are asymptomatic and 
others have a disease course comparable to that of males, is believed to be a result of 
skewed X-chromosome inactivation [17]. Females are considered to have classical 
FD when they present with angiokeratoma, cornea verticillata, or a very high Gb3-
level [15]. Although the disease course is variable (more so in non-classical than in 
classical FD), patients with non-classical FD are less severely affected in general, 
sometimes with disease manifestation limited to one organ [18].

The heart, kidneys and brain may become affected as the disease progresses, 
and cardiovascular, renal and cerebrovascular disease represent the most common 
among the known and reported causes for mortality in patients with FD [16].

3.1 Cardiac involvement

Heart involvement is the main reason for impaired quality of life and death 
in patients with FD [19]. Between 40 and 60% report symptoms including left 
ventricular hypertrophy (LVH), angina, arrhythmia and dyspnea [1]. In most 
studies the prevalence of FD in adult patients with left ventricular hypertrophy is 
estimated at 0.5–1% [20]. For a suggestion on how to further investigate LVH that 
might be associated with FD, see Figure 2. Many patients have a cardiac variant of 
FD, meaning the disease manifests later in life, primarily as LVH or hypertrophic 
cardiomyopathy (HCM). This variant generally progresses slower because of 

Figure 2. 
Suggestion for further investigation of LVH when FD is suspected. Agal, α-galactosidas A; EMB, 
endomyocardial biopsy; GLA, α-galactosidas A gene; GLS, global longitudinal strain; RVH, right ventricular 
hypertrophy; VUS, variant of unknown significance. Image by Linhart A et al. [20] licensed under CC 
BY-NC 4.0.
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residual α-galactosidas A-activity [20]. LVH manifests on average at age 32 in males, 
and at age 40 in women [21]. It is usually not accompanied by significantly impaired 
systolic function or restrictive diastolic dysfunction [22]. FD is considered a sub-
group of HCM by the European Society of Cardiology (ESC), while the American 
Heart Association uses the term phenocopy to describe FD and other mimics of 
HCM [23, 24]. The prevalence of FD among patients with HCM above age 35–40 
has been estimated to 0.5% [25].

In addition to LVH, cardiac involvement may lead to conduction defects and 
arrhythmia [8]. Since symptomatic bradycardia, AV block, chronotropic incompe-
tence, supraventricular and ventricular arrhythmias are common, regular 24 h ECG 
monitoring is recommended [20]. The ESC recommend that patients with HCM 
who present with AV block or chronotropic incompetence should be suspected 
of having FD [23]. The arrhythmias in FD are a cause of significant morbidity. 
Atrial fibrillation is four times more common in patients with FD than in the 
general population, and twelve times more common in patients above the age of 
50 [26]. Death from ventricular arrhythmia has been observed in a number of FD 
patients [26, 27]. Patients with FD can experience angina despite their coronary 
arteries being angiographically normal, which can be explained by microvascular 
dysfunction [28]. Valve disease occurs as a result of infiltrative changes in valvular 
fibroblasts, most clinically significant changes appear in the left heart valves. Valves 
become thickened which can lead to mild to moderate regurgitation, but disease 
requiring surgery is rare [29].

ECG changes associated with FD include shorter PQ interval, P-wave duration 
and QRS width, and increased QT and QTc duration [30]. As FD cardiomyopathy 
develops, voltage signs of LVH and inversed T-waves in precordial leads are usually 
seen [20].

Terminal stage cardiac FD leads to severe left ventricle dysfunction, associated 
with conduction disturbances and ventricular arrhythmia [27].

3.2 Renal involvement

The kidneys can be affected due to Gb3 accumulating in renal cells (glomerular 
endothelial, mesangial, interstitial, podocytes), and the severity increases with 
age [1]. The first signs are usually microalbuminuria and proteinuria, presenting 
as early as the second decade of life and worsening with age [1]. In time, the glo-
merular filtration rate starts to decline, which might lead to end-stage renal failure 
[8]. Renal involvement is common; signs and symptoms of renal disease have been 
reported in half of patients in the Fabry Outcome Survey (a European database for 
all FD patients eligible for, or receiving, enzyme replacement therapy with agalsi-
dase alfa). The most frequent sign was proteinuria, seen in 33% of females and 44% 
of males. End-stage renal failure affected 17% of males and 1% of females. Among 
the male patients 10% received a renal transplant and 7% were on dialysis [3].

3.3 Cerebrovascular involvement

Ischemic stroke and transient ischemic attacks are the most common cere-
brovascular complications in FD, and occur at a younger age than in the general 
population [31]. Stroke can affect patients who have no other key signs of FD; data 
from the Fabry Registry showed that 46% suffered their first stroke prior to being 
diagnosed with FD [32]. The median age of first stroke was 39 in males and 46 in 
females. Approximately 87% of strokes were ischemic similar to the numbers in 
the general population. Among the strokes where vessel size was reported, most 
occurred in small vessels. The prevalence of stroke was 4.3% in females and 6.9% 
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in males, which by far exceeds the prevalence in the general population [1]. In men 
between ages 35 and 45, the risk of stroke is 12.2 times higher in patients with FD 
than in healthy subjects [31].

The pathological mechanisms for stroke in FD is not clear, but abnormalities in 
cerebral blood flow as well as in the walls of intracranial vessels have been seen [32]. 
A possible contributing factor is that formation of thrombi may be enhanced due to 
increased adhesion of neutrophils and monocytes to the endothelial wall [1, 33].

4. Pathophysiology

That Gb3 is accumulated in lysosomes is well known, but the specifics regarding 
what causes cellular dysfunction is not [8]. Accumulation of substrate does lead to 
enlargement of the affected cells, in turn resulting in enlargement of entire organs. 
This is, however, not the only explanation [34]. One report presents a case where 
cardiac hypertrophy resulted in a heart weighing 1100 g, and Gb3 only accounted 
for 3.5 g [35, 36]. Mitochondrial metabolism is affected by the substrate accumula-
tion in FD, which is part of the explanation for the organ damage that occurs [37]. 
There may be dysfunction of the endoplasmic reticulum as well. Fibrosis, inflam-
mation and oxidative stress appear to play important parts in pathogenesis [8].

5. Treatment

In 2001 enzyme replacement therapy (ERT) was introduced; human recombi-
nant α-galactosidas A administered through bi-weekly intravenous infusions. Two 
recombinant enzyme preparations exist: agalsidase alfa and agalsidase beta. ERT 
has been shown to reduce pain, improve cardiac function [38], and stabilize kidney 
function [39]. Treatment is recommended for classically affected males and females 
and non-classically affected males who show early clinical signs of heart, kidney, 
or brain involvement. In classically affected males aged 16 or older without signs 
or symptoms of organ involvement and in non-classically affected females with 
early clinical signs, treatment should be considered [15]. ERT should be prescribed 
as early in the disease course as possible, since the benefit in advanced FD seems 
doubtful [40, 41]. Although the risk of developing a first or second complication 
is reduced by increased treatment duration, ERT does not seem to prevent disease 
progression [40].

Since 2016 another treatment option has become available: pharmacological 
chaperone therapy (PCT). The drug is taken orally, and can restore enzyme activity 
by promoting correct folding in patients with mutations responsive to the therapy 
(approximately 35–50% of patients) [8, 42]. Individual eligibility for treatment is 
tested through an in vitro enzyme activity assay [43]. During long-term therapy it has 
maintained renal function, and reduced cardiac mass more effectively than ERT [42].

Both ERT and PCT should always be combined with therapies to manage the 
different organ manifestations clinically [8].

Regarding implantable cardioverter-defibrillator therapy, the ESC state that 
their risk prediction model HCM Risk-SCD, used for calculating the risk of sudden 
cardiac death (SCD) in HCM patients, should not be used in patients with FD [23]. 
There are currently no guidelines for implantation of cardiac devices in FD, and 
data on risk predictors are scarce. One study showed a higher delivery of device 
therapy in FD than in HCM. The rates of asymptomatic non sustained ventricular 
tachycardia were similar, but FD patients experienced a higher rate of ventricular 
arrhythmia that required anti-tachycardia pacing or defibrillation [44].
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6. Health-related quality of life

Patients with FD have a lower quality of life than the population in general; 
a systematic review found that they score lower in all domains in the SF-36 and 
EQ-5D questionnaires (the domains include aspects such as a physical and mental 
component summary score) [45]. However, no studies had examined the difference 
between classically and non-classically affected individuals. The effect of ERT on 
quality of life was not conclusive. A qualitative study using in-depth interviews with 
ten Norwegian women, heterozygous for FD, found that receiving the diagnosis 
can bring about feelings of relief as well as distress [46]. For symptomatic women 
the diagnosis can be an explanation of problems they have dealt with for years; 
many have been burdened by feeling like hypochondriacs because of health issues 
without an apparent cause. On the other hand, some women saw the diagnosis itself 
as stigmatizing. Almost every participant had negative feelings about passing the 
condition on to their children. Another qualitative study of 30 patients from the 
Netherlands, both male and female, found that many patients had experiences of 
being misdiagnosed and feeling misunderstood due to delayed correct diagnosis 
[47]. Others mentioned that presymptomatic diagnosis had drawbacks such as 
medicalization and labeling.

7. Prognosis

Before ERT, male patients died at a mean age of 50 [48], and a study of females 
showed a median cumulative survival of 70 years [49]. The long-term prognosis of 
FD in a modern setting needs to be further elucidated.

8. Future perspectives

There are current studies of gene therapy for FD, as well as substrate reduction 
therapy, second generation enzyme replacement therapies, and novel PCTs [8, 43]. 
The second generation enzyme replacement therapies currently in development are 
plant derived as opposed to agalsidase alfa (produced in human fibroblasts) and 
agalsidase beta (produced in hamster ovary cells), which could result in a differ-
ent bio distribution. Substrate reduction therapy is an oral treatment, which aims 
to limit the formation of metabolites that FD patients cannot degrade. There are 
currently ongoing Phase I and II clinical trials in which haematopoetic stem cells are 
recruited from the patient and transduced with the lentivirus vector containing the 
human α-galactosidas A gene, then re-administered to the patient (NCT02800070 
and NCT03454893) [43].

9. Conclusions

FD is a rare disease, generally underdiagnosed, with profound effects on mor-
bidity and mortality. Symptoms, such as debilitating pain, can present themselves 
early in childhood and in time the disease may lead to severe cardiac, renal, and 
cerebrovascular complications. The available treatment with ERT has a doubtful 
effect in advanced FD, making it imperative that the diagnosis is made in time. The 
Fabry Registry has been used in several studies of FD patients, and registry data is 
a valuable resource when it comes to evaluating treatment options. In the future, 
different therapeutic approaches could be compared using the information this 



7

Fabry Disease
DOI: http://dx.doi.org/10.5772/intechopen.99142

Author details

Ida Kåks1* and Peter Magnusson1,2

1 Centre for Research and Development, Uppsala University/Region Gävleborg, 
Gävle, Sweden

2 Cardiology Research Unit, Department of Medicine, Solna, Karolinska Institutet, 
Stockholm, Sweden

*Address all correspondence to: ida.kaks@regiongavleborg.se

registry can provide regarding clinical and investigative findings. The suffering 
associated with living with unexplained symptoms for years is yet another reason 
why increased awareness of FD in the medical community is of great importance.

Conflict of interest

Ida Kåks reports no conflicts of interest. Peter Magnusson has received speaker’s 
fees or grants from Abbott, Alnylam, Amicus Therapeutics, AstraZeneca, Bayer, 
BMS, Boehringer-Ingelheim, Coala Life, Internetmedicin, Lilly, MSD, Novo 
Nordisk, Octopus Medical, Orion Pharma, Pfizer, Sanofi, Vifor Pharma, and Zoll.

Abbreviations

ERT enzyme replacement therapy
ESC European Society of Cardiology
FD Fabry disease
GB3 globotriaosylceramide
HCM hypertrophic cardiomyopathy
LVH left ventricular hypertrophy
PCT pharmacological chaperone therapy
SCD sudden cardiac death

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 



8

Cardiomyopathy - Disease of the Heart Muscle

[1] Germain DP. Fabry disease. Orphanet 
journal of rare diseases. 2010;5:30.

[2] Ballabio A. The awesome lysosome. 
EMBO molecular medicine. 
2016;8(2):73-76.

[3] Mehta A, Ricci R, Widmer U, 
Dehout F, Garcia de Lorenzo A, 
Kampmann C, et al. Fabry disease 
defined: baseline clinical manifestations 
of 366 patients in the Fabry Outcome 
Survey. European Journal of Clinical 
Investigation. 2004;34(3):236-242.

[4] Meikle PJ, Hopwood JJ, Clague AE, 
Carey WF. Prevalence of lysosomal 
storage disorders. Jama. 1999;281(3): 
249-254.

[5] Poorthuis BJ, Wevers RA, Kleijer WJ, 
Groener JE, de Jong JG, van Weely S,  
et al. The frequency of lysosomal storage 
diseases in The Netherlands. Human 
genetics. 1999;105(1-2):151-156.

[6] Spada M, Pagliardini S, Yasuda M, 
Tukel T, Thiagarajan G, Sakuraba H,  
et al. High incidence of later-onset fabry 
disease revealed by newborn screening. 
American journal of human genetics. 
2006;79(1):31-40.

[7] Hwu WL, Chien YH, Lee NC, 
Chiang SC, Dobrovolny R, Huang AC, 
et al. Newborn screening for Fabry 
disease in Taiwan reveals a high 
incidence of the later-onset GLA 
mutation c.936+919G>A 
(IVS4+919G>A). Human mutation. 
2009;30(10):1397-1405.

[8] Kok K, Zwiers KC, Boot RG, 
Overkleeft HS, Aerts J, Artola M. Fabry 
Disease: Molecular Basis, 
Pathophysiology, Diagnostics and 
Potential Therapeutic Directions. 
Biomolecules. 2021;11(2).

[9] ANDERSON W. A CASE OF 
“ANGEIO-KERATOMA.”*. British 

Journal of Dermatology. 1898;10(4): 
113-117.

[10] Fabry J. Ein Beitrag zur Kenntniss 
der Purpura haemorrhagica nodularis 
(Purpura papulosa haemorrhagica 
Hebrae). Arch f Dermat. 1898;43: 
187-200.

[11] Fabry H. An historical overview of 
Fabry disease. Journal of inherited 
metabolic disease. 2001;24 Suppl 2:3-7.

[12] Sweeley CC, Klionsky B. FABRY'S 
DISEASE: CLASSIFICATION AS A 
SPHINGOLIPIDOSIS AND PARTIAL 
CHARACTERIZATION OF A NOVEL 
GLYCOLIPID. The Journal of biological 
chemistry. 1963;238:3148-3150.

[13] Politei JM, Bouhassira D, 
Germain DP, Goizet C, Guerrero-Sola A, 
Hilz MJ, et al. Pain in Fabry Disease: 
Practical Recommendations for 
Diagnosis and Treatment. CNS 
neuroscience & therapeutics. 
2016;22(7):568-576.

[14] Smid BE, van der Tol L, Cecchi F, 
Elliott PM, Hughes DA, Linthorst GE,  
et al. Uncertain diagnosis of Fabry 
disease: consensus recommendation on 
diagnosis in adults with left ventricular 
hypertrophy and genetic variants of 
unknown significance. International 
journal of cardiology. 2014;177(2): 
400-408.

[15] Biegstraaten M, Arngrímsson R, 
Barbey F, Boks L, Cecchi F, Deegan PB, 
et al. Recommendations for initiation 
and cessation of enzyme replacement 
therapy in patients with Fabry disease: 
the European Fabry Working Group 
consensus document. Orphanet journal 
of rare diseases. 2015;10:36.

[16] Waldek S, Patel MR, Banikazemi M, 
Lemay R, Lee P. Life expectancy and 
cause of death in males and females with 
Fabry disease: findings from the Fabry 

References



9

Fabry Disease
DOI: http://dx.doi.org/10.5772/intechopen.99142

Registry. Genetics in medicine : official 
journal of the American College of 
Medical Genetics. 2009;11(11):790-796.

[17] Echevarria L, Benistan K, 
Toussaint A, Dubourg O, Hagege AA, 
Eladari D, et al. X-chromosome 
inactivation in female patients with 
Fabry disease. Clinical genetics. 
2016;89(1):44-54.

[18] Arends M, Wanner C, Hughes D, 
Mehta A, Oder D, Watkinson OT, et al. 
Characterization of Classical and 
Nonclassical Fabry Disease: A 
Multicenter Study. Journal of the 
American Society of Nephrology : JASN. 
2017;28(5):1631-1641.

[19] Pieroni M, Moon JC, Arbustini E, 
Barriales-Villa R, Camporeale A, 
Vujkovac AC, et al. Cardiac Involvement 
in Fabry Disease: JACC Review Topic of 
the Week. Journal of the American 
College of Cardiology. 2021;77(7): 
922-936.

[20] Linhart A, Germain DP, Olivotto I, 
Akhtar MM, Anastasakis A, Hughes D, 
et al. An expert consensus document on 
the management of cardiovascular 
manifestations of Fabry disease. 
European journal of heart failure. 
2020;22(7):1076-1096.

[21] Linhart A, Kampmann C, 
Zamorano JL, Sunder-Plassmann G, 
Beck M, Mehta A, et al. Cardiac 
manifestations of Anderson-Fabry 
disease: results from the international 
Fabry outcome survey. European heart 
journal. 2007;28(10):1228-1235.

[22] Linhart A, Palecek T, Bultas J, 
Ferguson JJ, Hrudová J, Karetová D,  
et al. New insights in cardiac structural 
changes in patients with Fabry's disease. 
American heart journal. 2000;139(6): 
1101-1108.

[23] Elliott PM, Anastasakis A, 
Borger MA, Borggrefe M, Cecchi F, 
Charron P, et al. 2014 ESC Guidelines on 

diagnosis and management of 
hypertrophic cardiomyopathy: the Task 
Force for the Diagnosis and 
Management of Hypertrophic 
Cardiomyopathy of the European 
Society of Cardiology (ESC). European 
heart journal. 2014;35(39):2733-79.

[24] Ommen SR, Mital S, Burke MA, 
Day SM, Deswal A, Elliott P, et al. 2020 
AHA/ACC Guideline for the Diagnosis 
and Treatment of Patients With 
Hypertrophic Cardiomyopathy: A 
Report of the American College of 
Cardiology/American Heart Association 
Joint Committee on Clinical Practice 
Guidelines. Journal of the American 
College of Cardiology. 2020;76(25): 
e159-e240.

[25] Elliott P, Baker R, Pasquale F, 
Quarta G, Ebrahim H, Mehta AB, et al. 
Prevalence of Anderson-Fabry disease 
in patients with hypertrophic 
cardiomyopathy: the European 
Anderson-Fabry Disease survey. Heart 
(British Cardiac Society). 2011;97(23): 
1957-1960.

[26] Shah JS, Hughes DA, Sachdev B, 
Tome M, Ward D, Lee P, et al. 
Prevalence and clinical significance of 
cardiac arrhythmia in Anderson-Fabry 
disease. The American journal of 
cardiology. 2005;96(6):842-846.

[27] Takenaka T, Teraguchi H, 
Yoshida A, Taguchi S, Ninomiya K, 
Umekita Y, et al. Terminal stage cardiac 
findings in patients with cardiac Fabry 
disease: an electrocardiographic, 
echocardiographic, and autopsy study. 
Journal of cardiology. 2008;51(1):50-59.

[28] Elliott PM, Kindler H, Shah JS, 
Sachdev B, Rimoldi OE, Thaman R, et al. 
Coronary microvascular dysfunction in 
male patients with Anderson-Fabry 
disease and the effect of treatment with 
alpha galactosidase A. Heart (British 
Cardiac Society). 2006;92(3):357-360.

[29] Linhart A, Elliott PM. The heart in 
Anderson-Fabry disease and other 



Cardiomyopathy - Disease of the Heart Muscle

10

lysosomal storage disorders. Heart 
(British Cardiac Society). 
2007;93(4):528-535.

[30] Namdar M, Steffel J, Vidovic M, 
Brunckhorst CB, Holzmeister J, 
Lüscher TF, et al. Electrocardiographic 
changes in early recognition of Fabry 
disease. Heart (British Cardiac Society). 
2011;97(6):485-490.

[31] Kolodny E, Fellgiebel A, Hilz MJ, 
Sims K, Caruso P, Phan TG, et al. 
Cerebrovascular Involvement in Fabry 
Disease. Stroke. 2015;46(1):302-313.

[32] Sims K, Politei J, Banikazemi M, 
Lee P. Stroke in Fabry Disease 
Frequently Occurs Before Diagnosis and 
in the Absence of Other Clinical Events. 
Stroke. 2009;40(3):788-794.

[33] DeGraba T, Azhar S, 
Dignat-George F, Brown E, Boutière B, 
Altarescu G, et al. Profile of endothelial 
and leukocyte activation in fabry 
patients. Annals of Neurology. 
2000;47(2):229-233.

[34] Vellodi A. Lysosomal storage 
disorders. British journal of 
haematology. 2005;128(4):413-431.

[35] Elleder M, Bradová V, Smíd F, 
Budĕsínský M, Harzer K, 
Kustermann-Kuhn B, et al. Cardiocyte 
storage and hypertrophy as a sole 
manifestation of Fabry's disease. Report 
on a case simulating hypertrophic 
non-obstructive cardiomyopathy. 
Virchows Archiv A, Pathological 
anatomy and histopathology. 
1990;417(5):449-455.

[36] Elleder M. Sequelae of storage in 
Fabry disease--pathology and 
comparison with other lysosomal 
storage diseases. Acta paediatrica (Oslo, 
Norway : 1992) Supplement. 2003;92 
(443):46-53; discussion 45.

[37] Ivanova M. Altered Sphingolipids 
Metabolism Damaged Mitochondrial 

Functions: Lessons Learned From 
Gaucher and Fabry Diseases. Journal of 
clinical medicine. 2020;9(4).

[38] Schiffmann R, Kopp JB, Austin HA, 
3rd, Sabnis S, Moore DF, Weibel T, et al. 
Enzyme replacement therapy in Fabry 
disease: a randomized controlled trial. 
Jama. 2001;285(21):2743-2749.

[39] Wilcox WR, Banikazemi M, 
Guffon N, Waldek S, Lee P, 
Linthorst GE, et al. Long-term safety 
and efficacy of enzyme replacement 
therapy for Fabry disease. American 
journal of human genetics. 
2004;75(1):65-74.

[40] Rombach SM, Smid BE, 
Bouwman MG, Linthorst GE, 
Dijkgraaf MG, Hollak CE. Long term 
enzyme replacement therapy for Fabry 
disease: effectiveness on kidney, heart 
and brain. Orphanet journal of rare 
diseases. 2013;8:47.

[41] Weidemann F, Niemann M, Störk S, 
Breunig F, Beer M, Sommer C, et al. 
Long-term outcome of enzyme-
replacement therapy in advanced Fabry 
disease: evidence for disease progression 
towards serious complications. Journal 
of internal medicine. 
2013;274(4):331-341.

[42] McCafferty EH, Scott LJ. Migalastat: 
A Review in Fabry Disease. Drugs. 
2019;79(5):543-554.

[43] van der Veen SJ, Hollak CEM, van 
Kuilenburg ABP, Langeveld M. 
Developments in the treatment of Fabry 
disease. Journal of inherited metabolic 
disease. 2020;43(5):908-921.

[44] Vijapurapu R, Zegard A, Leyva F, 
Bradlow W, Jovanovic A, Hughes D, 
et al. ICD implantation and device 
therapy: Fabry vs hypertrophic 
cardiomyopathy. European heart 
journal. 2020;41(Supplement_2).

[45] Arends M, Hollak CE, 
Biegstraaten M. Quality of life in 



11

Fabry Disease
DOI: http://dx.doi.org/10.5772/intechopen.99142

patients with Fabry disease: a systematic 
review of the literature. Orphanet 
journal of rare diseases. 2015;10:77.

[46] von der Lippe C, Frich JC, Harris A, 
Solbrække KN. Experiences of Being 
Heterozygous for Fabry Disease: a 
Qualitative Study. Journal of genetic 
counseling. 2016;25(5):1085-1092.

[47] Bouwman MG, de Ru MH, 
Linthorst GE, Hollak CE, Wijburg FA, 
van Zwieten MC. Fabry patients' 
experiences with the timing of diagnosis 
relevant for the discussion on newborn 
screening. Molecular genetics and 
metabolism. 2013;109(2):201-207.

[48] Schiffmann R, Warnock DG, 
Banikazemi M, Bultas J, Linthorst GE, 
Packman S, et al. Fabry disease: 
progression of nephropathy, and 
prevalence of cardiac and 
cerebrovascular events before enzyme 
replacement therapy. Nephrology, 
dialysis, transplantation : official 
publication of the European Dialysis 
and Transplant Association - European 
Renal Association. 2009;24(7): 
2102-2111.

[49] MacDermot KD, Holmes A, 
Miners AH. Anderson-Fabry disease: 
clinical manifestations and impact of 
disease in a cohort of 60 obligate carrier 
females. Journal of medical genetics. 
2001;38(11):769-775.


