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Abstract Anderson-Fabry disease (AFD) is a lysosomal

storage disease caused by the inappropriate accumulation of

globotriaosylceramide in tissues due to a deficiency in the

enzyme a-galactosidase A (a-Gal A). Anderson-Fabry car-

diomyopathy is characterized by structural, valvular, vas-

cular and conduction abnormalities, and is now the most

common cause of mortality in patients with AFD. Large-

scale metabolic and genetic screening studies have revealed

AFD to be prevalent in populations of diverse ethnic origins,

and the variant form of AFD represents an unrecognized

health burden. Anderson-Fabry disease is an X-linked dis-

order, and genetic testing is critical for the diagnosis of AFD

in women. Echocardiography with strain imaging and

cardiac magnetic resonance imaging using late enhance-

ment and T1 mapping are important imaging tools. The

current therapy for AFD is enzyme replacement therapy

(ERT), which can reverse or prevent AFD progression,

while gene therapy and the use of molecular chaperones

represent promising novel therapies for AFD. Anderson-

Fabry cardiomyopathy is an important and potentially

reversible cause of heart failure that involves LVH,

increased susceptibility to arrhythmias and valvular regur-

gitation. Genetic testing and cardiac MRI are important

diagnostic tools, and AFD cardiomyopathy is treatable if

ERT is introduced early.

Keywords Cardiomyopathy � Left ventricular

hypertrophy � Enzyme replacement therapy � Cardiac MRI

Introduction

Anderson-Fabry disease (AFD) is a lysosomal storage dis-

order caused by genetic deficiency of the enzyme encoded by

the alpha-galactosidase A gene (a-Gal A) enzyme located on

the X-chromosome (Xq22.1) [1]. This causes progressive,

widespread intracellular accumulation of globotriaosylcer-

amide (Gb3) and other sphingolipids throughout the body [1,

2]. Initial clinical manifestations of AFD are nonspecific and

are often mistakenly attributed to alternative disorders,

leading to missed or delayed diagnoses, by which time end-

organ damage may be irreversible [1, 3]. Major manifesta-

tions of AFD are cardiac, renal and neurological; these can be

partially attributed to vascular endothelial dysfunction [3, 4].

According to the organs involved, a number of different

symptoms and signs can be found in patients with AFD,

including pain and neuropathy in the distal limbs (acropar-

esthesias); gastrointestinal signs and symptoms, such as
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diarrhea, abdominal pain and early satiety; benign cutaneous

lesions of small blood vessels (angiokeratomas); and corneal

opacities (cornea verticillata) [5–8]. Neurological manifes-

tations often present earliest, but these symptoms are not

definitive due to their transient and variable nature [1, 9]. The

most important manifestations of AFD from an outcomes

perspective are renal, including proteinuria and renal failure;

and cardiovascular, including left ventricular hypertrophy

(LVH), diastolic dysfunction, valvular abnormalities and

conduction defects [4, 10]. Anderson-Fabry disease is

characterized by two major phenotypes: classical and vari-

ant, with considerable variation in clinical course [11, 12].

In this review, we provide an updated perspective on the

prevalence, gender differences, diagnostic modalities and

treatment of AFD with a focus on the cardiomyopathy

associated with AFD.

Case report

A 37-year-old male with AFD was evaluated and treated over

the past 10 years. Genetic testing showed a G43V mutation

in the GLA gene, and plasma a-Gal A activity was markedly

reduced at 0.31 nmol/hr/mL. His manifestations of AFD

included acroparesthesias and marked renal and cardiac

involvement without significant cerebrovascular disease.

His medical therapy included enteric-coated ASA, ACE

inhibition, statin therapy and enzyme replacement therapy

(ERT), which was initiated in 2004. He progressed with

biventricular hypertrophy, worsening aortic valvular regur-

gitation (Fig. 1a–c) and progressive renal dysfunction. He

underwent an aortic valve replacement with a mechanical

aortic valve prosthesis and subaortic septal myomectomy.

Histopathological studies using PAS staining showed

marked vacuolation in the myocardium, and electron

microscopy revealed myocardial electron-dense lamellar

deposits (Fig. 1d, e). Due to progression of his renal failure in

the presence of proteinuria, a renal biopsy was performed

which showed evidence of glomerulosclerosis. He was ini-

tiated on renal replacement therapy (hemodialysis) and is

currently being evaluated for a kidney transplant.

Epidemiology of Anderson-Fabry disease

Classic Anderson-Fabry disease

Classically affected males have very low or absent a-Gal A

activity, which results in severe systemic manifestations

that typically begin in childhood or adolescence, and

include acroparesthesias, angiokeratomas, cornea verticil-

lata, hypohidrosis, mild proteinuria and gastrointestinal

problems. Between 20 and 40 years of age, cardiac

involvement typically becomes noticeable, and renal

involvement usually progresses to the point of requiring

dialysis or renal transplantation [13, 14]. Late manifesta-

tions usually include cardiac dysfunction, leading to heart

failure, arrhythmias and myocardial infarction [15, 16].

Cerebrovascular manifestations include early stroke,

thromboses and transient ischemic attacks, which lead to

significant neurological deterioration and death [17].

Variant Anderson-Fabry disease

A variant phenotype is due to residual a-Gal A activity

([5 % of normal plasma a-Gal A) [18, 19]. Because of the

low residual a-Gal A levels, these patients do not have all

of the major clinical manifestations of classic AFD, but

often present later in life with elements of AFD, including

cardiomyopathy and renal disease [1, 20–22].

Prevalence in the general population

Historical estimates of AFD incidence were very low: 1 in

40,000 males, which recent data refutes as a gross under-

estimate, likely due to missing accounts of mild or variant

disease phenotypes [23]. Neonatal dried bloodspot screen-

ing for a-Gal A activity deficiency in separate populations

of Japanese, Austrian, Chinese–Taiwanese and Italian

neonates revealed that the prevalence of AFD might be

much higher than previously predicted [24–27]. Indeed of

21,170 Japanese neonates, 1 in 3,024 was test positive; of

34,736 Austrian neonates, 1 in 3,859 was test positive; of

110,027 Chinese–Taiwanese neonates, 1 in 1,642 was test

positive; and of 37,104 Italian neonates, 1 in 3,100 were test

positive (Fig. 2a). These results suggested a hitherto

unrecognized pandemic of AFD. However, genetic testing

subsequent to the dried blood spot screening programs

revealed varying proportions of confirmed GLA mutations

in newborns with a-Gal A deficiencies (Fig. 2b). In the

aforementioned studies, the majority of the confirmed GLA

mutations were associated with variant phenotypes. Neo-

nates with low a-Gal A activity and no confirmed mutation

might experience a rebound in enzyme activity with aging.

Conversely, large genomic deletions over part of Xq22.1

can cause AFD and are typically not detected by GLA

mutation analysis [28], which may have been the case for

some newborns without a GLA mutation corresponding to

low a-Gal A activity. The penetrance of variant AFD

mutations is likely affected by the presence of systemic risk

factors, which are likely to develop later in life, such as

hypertension, obesity, diabetes and smoking habit. It is

therefore difficult to ascertain the risk posed to neonates

who are diagnosed with uncharacterized GLA variants or

those associated with non-classical disease, so long-term

follow-up studies are clearly required.

180 Heart Fail Rev (2015) 20:179–191

123



Fig. 1 Clinical characteristics of a patient with advanced Anderson-

Fabry disease. 12-lead ECG showing a normal sinus rhythm, short PR

interval and left and right ventricular hypertrophy (a). Doppler

echocardiography showing severe aortic valvular regurgitation

(b) and two-dimensional echocardiography showing concentric left

ventricular hypertrophy with mild ventricular dilation (c).

Pathological findings obtained from a septal myomectomy specimen

showing multiple vacuolated cells or perinuclear vacuoles on

hematoxylin and eosin (H&E) staining (d), and ultrathin slide

sections showing enlarged secondary lysosomes packed with storage

material, which has a somewhat heterogeneous appearance using

transmission electron microscopy (e)
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Prevalence in cohorts with cardiomyopathies

Screening studies have revealed that variant AFD might

contribute significantly to the prevalence of unexplained or

idiopathic cardiovascular disorders. In small screening

studies of Japanese males, UK males and Italian females

for late-onset hypertrophic cardiomyopathy, AFD, was

detected in 3, 6.3 and 12 % of patients, respectively [20,

29, 30]. Furthermore, in a large consecutive cohort of 1,386

European patients with unexplained LVH, 0.5 % had GLA

mutations associated with AFD [31]. The Chinese–Tai-

wanese neonatal screening study revealed a high preva-

lence of GLA mutations associated with cardiovascular

variant AFD, which compounds the need for cardiologists

to be aware that a small portion of patients they evaluate

for hypertrophic cardiomyopathy might have variant or

previously unrecognized classical AFD [4, 26]. Indeed,

AFD cardiomyopathy can be clinically unrecognizable

from other genetic hypertrophic cardiomyopathies, which

suggests that systematic mutation screening is necessary to

better define AFD patients [32]. Early recognition of those

patients with variant AFD that would otherwise be classi-

fied as idiopathic cardiomyopathy could allow appropriate

treatment and disease alleviation. All together, these data

suggest that the prevalence of variant AFD is much higher

than previously predicted [23]. However, some degree of

caution must be exercised as the penetrance of mutations

associated with variant AFD can vary considerably. A

recent review by van der Tol et al. [33] suggests that new

diagnostic algorithms are necessary to ensure that patients

with AFD are appropriately recognized, including ruling

out AFD in ambiguous cases of low a-Gal A activity.

Diagnostic and genetic testing: importance of gender

The challenge of elucidating whether uncharacterized

genetic variants are responsible for clinical manifestations

of illness identifies the need for more rigorous diagnostic

criteria for AFD [33]. De novo mutations are rare, and thus,

most affected males have mothers who are carriers, so

family history is an important component of the differential

diagnosis for AFD. In all cases, the differential diagnosis

for AFD is initiated when an astute clinician recognizes the

confluence of the characteristic signs and symptoms

(Fig. 3), although, as previously mentioned, many of the

earliest disease manifestations are nonspecific. Tradition-

ally, AFD was diagnosed in suspected males by markedly

deficient or absent a-Gal A activity in plasma or peripheral

leukocytes. However, evidence of a-Gal A pseudodefi-

ciencies, which are apparent deficiencies in a-Gal A

enzyme activity in the setting of testing that do not mani-

fest in clinically significant deficiencies [34], suggests that

confirmation of AFD should be made using genetic testing

when a-Gal A activity assay is non-diagnostic [35]. Non-

diagnostic a-Gal A activity results are those that are

5–10 % of a reference value, because 5–10 % a-Gal A

activity might be associated with the absence of clinically

significant disease [1]. Nonetheless, the nonspecific signs,

symptoms and complex multi-organ nature of AFD make it

difficult to clinically suspect the disease without prior

known family history [3]. Indeed, evidence of a relative

with confirmed AFD can be diagnostic in the context of

unclear test results [33]. Similarly, lysoGb3 has been pro-

posed as a specific plasma biomarker for AFD, which could

add clarity to the diagnostic algorithm by identifying

clinically significant mutant varieties [36].

Clinical manifestations in heterozygous carrier females

range from asymptomatic to severe disease, although

symptoms may initially appear mild [37]. In an Anderson-

Fabry disease registry of 1,077 enrolled females, 69.4 %

had symptoms and signs of AFD [38], and the majority of

female AFD patients develop clinically significant disease

[39, 40]. Carrier detection by enzyme analysis is not reli-

able in females, since a-Gal A activities range from very

low to normal in heterozygotes and any female patient

being evaluated for AFD must undergo genetic testing [4,

32]. Similar to males, pedigree analysis [33] or plasma

lysoGb3 analysis [36] could be used to rule in or out AFD

in a female patient with a genetic variant of unknown

significance (Fig. 3). Children can be evaluated for AFD

provided the family will receive appropriate counseling

Fig. 2 Four large-scale

epidemiological studies of

neonates show that the

incidences of a-Gal A

deficiency (a) and genetically

confirmed AFD (b) are much

higher than previous historical

estimates
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and medical support, and while early initiation of ERT is

supported [41], there is little evidence to suggest its use in

children [42]. Prenatal screening can be accomplished

using amniocentesis or chorionic villus sampling, provided

the same conditions for testing asymptomatic children are

met [43]. Genetic counseling is essential for all individuals

diagnosed with AFD [39].

Cardiovascular complications in Anderson-Fabry

disease

Patients with cardiomyopathy due to infiltrative myocardial

diseases have a poor prognosis, and heart disease is now

the leading cause of mortality in patients with AFD [9, 44].

As illustrated by our case report (Fig. 1), heart disease in

patients with AFD is characterized by progressive left

ventricular hypertrophy (LVH) leading to heart failure,

valvular heart disease and arrhythmias [30, 45]. Cardiac-

related death has overtaken renal disease as the most

common cause of mortality in AFD [2, 9]. The primary

gene defect in AFD is the alpha-galactosidase A gene,

which is responsible for the cleavage between the two

galactose residues in Gb3, with more than 400 different

mutant alleles identified (Fig. 4a) [46]. Undigested Gb3

accumulates in the vascular endothelium and in the heart

leading to the induction of hypertrophic, fibrotic and

apoptotic pathways (Fig. 4b) [47]. A majority (60 %) of

patients with AFD have a history of abnormal cardiovas-

cular signs and symptoms, with hypertension and edema

being the most prevalent, followed by murmur, dyspnea

and angina [21, 48].

Cardiac structural and functional abnormalities

Cardiac manifestation in patients with AFD includes LVH

with impaired diastolic function; however, systolic function,

as assessed by left ventricle ejection fraction, is preserved in

the large majority of affected patients [15, 16, 49, 50].

Lysosomal Gb3 accumulation in the myocardium is

responsible for only 1–3 % of mass in the hypertrophic

heart. Interestingly, in a screen of AFD patients, left ven-

tricular mass index inversely correlated with a-Gal A

activity, which suggests that the extent of Gb3 accumulation

determines the relative extent of pathogenesis in AFD [48].

Abnormal deposition of Gb3 induces pathologic processes

such as inflammation and oxidative stress, which lead to

hypertrophy and extracellular matrix (ECM) remodeling

[47]. Unlike male patients, myocardial functional decline

and fibrosis development do not always coincide with

myocardial hypertrophy in female patients with AFD

Fig. 3 Diagnostic algorithm for

Anderson-Fabry disease shows

the separate paths taken after

presentation for male and

female patients that end in a

positive diagnosis of AFD.

GVUS genetic variant of

unknown significance. This

figure has been adapted from

published recommendations by

Laney et al. [39], van der Tol

et al. [33] and Niemann et al.

[36]
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[30, 51, 52]. Initial staging and monitoring should therefore

be based on LVH and replacement fibrosis in female patients

with AFD [51]. There is a strong correlation between age

and the severity of LVH, and evidence suggests that all

female AFD carriers older than 45 years have LVH [53].

The development of heart failure secondary to AFD is a

recognized burden for the variant AFD phenotypes, and

hypertrophy, diastolic dysfunction and valvular dysfunction

are all important pathogenic events driving the heart failure

phenotype [21, 48, 54]. Reduction in LV cavity size and

papillary muscle hypertrophy can also result in LV outflow

tract obstruction and exercise intolerance in patients with

AFD [55]. In addition, the high prevalence of obesity and

hypertension as pan-ethnic health burdens coupled with

presently long average life expectancy can further exacer-

bate variant forms of AFD, thereby contributing signifi-

cantly to the incidence of heart failure [56–58].

Valvular abnormalities and vascular changes

Left heart valves are predominantly affected in AFD, even

though the pathological accumulation of Gb3 is present in

both sides of the heart. This could be explained by the

increased pressure in the left heart leading to a more rapid

deterioration of the mitral and aortic valves [16, 47]. Mitral

leaflet thickening, with corresponding moderate or severe

mitral regurgitation, is typically present in more than 50 %

of patients, while minor aortic valve thickening is found in

nearly 50 % of patients, which can progress to moderate or

severe regurgitation (Figs. 1b and 4b) [15, 48]. Coronary

microvascular dysfunction and reduced coronary perfusion

reserve are characteristic of AFD, while gross abnormali-

ties in blood flow are not apparent [59, 60]. Increased

common carotid artery intima-media thickness (CCA-IMT)

was present in males and females with AFD, and there was

a strong positive correlation between LV mass and CCA-

IMT [61]. Deacylated Gb3, globotriaosylsphingosine, is

dramatically increased in the plasma of patients with AFD

and stimulates proliferation of vascular smooth muscle

cells, thereby providing a mechanism for the increased

intima-media thickness seen in these patients [62]. Myo-

cardial perfusion imaging using positron-emission tomog-

raphy or nuclear medicine is necessary for assessment of

coronary microvascular function.

Fig. 4 Pathophysiology of

Anderson-Fabry disease. The

schematic representation of a

sphingolipid and the site of

cleavage by a-galactosidase (a).

The accumulation of

sphingolipid in the heart leads to

a progressive cardiomyopathy

characterized by ventricular

hypertrophy, valvular

regurgitation, impaired coronary

microvasculature and

electrophysiological

abnormalities (b)
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Conduction defects and arrhythmias

Early manifestations of AFD on the ECG include a short-

ened PR interval, which is likely due to accelerated AV

nodal conduction [63]. The PR interval may change with

age and/or the grade of the disease: initial shortening in up

to 40 % of affected men and later prolonged in the

advanced phases of the disease which can progress to high-

grade atrioventricular block. In adults, ECG signs of LV

hypertrophy are present in up to 61 % of men and 18 % of

women [15]. The QRS duration, meanwhile, has been

reported up to 160–200 ms with the 12-lead amplitude-

duration product having the best correlation with LV mass

[54]. Later manifestations of AFD include supraventricular

tachyarrhythmias, conduction defects and bradycardia, and

ventricular arrhythmias and sudden cardiac death [64, 65].

A retrospective evaluation of 6 AFD patients with

implantable devices revealed atrial and ventricular pacing

71 and 49 % of the time, respectively [66]. The high

incidence of pacemaker implantation and utilization sug-

gests that bradyarrhythmias have a significant impact on

the natural history of AFD. Heart rate variability correlates

with autonomic dysfunction and is lowered in men

\18 years of age compared to age-matched normal sub-

jects [67], which may represent a pro-arrhythmogenic

electrophysiological substrate.

Imaging approaches to evaluate patients

with Anderson-Fabry cardiomyopathy

Assessment of cardiac structural and functional abnor-

malities in AFD can be obtained by a number of imaging

modalities, including echocardiography (LVH, wall thick-

ness, diastolic filling, valvular abnormalities) and cardiac

MRI. Echocardiography has been used as a standard non-

invasive screening test for Anderson-Fabry cardiomyopa-

thy for many years. However, only approximately 40 % of

patients have LVH at the time of AFD diagnosis, which

makes recognizing cardiac involvement difficult using

conventional echocardiography [15]. In addition, changes

in LV diastolic function, as assessed by conventional

Doppler echocardiography, have also been variable [68,

69]. The challenge to conventionally diagnose AFD is the

significant overlap with other cardiovascular pathologies in

terms of structural and functional alterations. More speci-

ficity might be achieved by way of novel approaches that

exploit unique elements of the AFD phenotype.

Echocardiography

Echocardiography can be used for assessing LV remodel-

ing and hypertrophy, estimating LV mass and assessing

valvular regurgitation. New methods of strain and strain

rate (SR) echocardiography have had satisfactory results

for the detection of subclinical stages of impaired myo-

cardial contractility and diastolic dysfunction in AFD [70].

Tissue Doppler-derived strain and SR have been previously

shown to be useful for detecting subclinical stages of

impaired regional longitudinal and radial function in AFD

patients with otherwise preserved ejection fraction [68]. In

addition, peak systolic strain and SR improve with ERT,

indicating that SR imaging may be a useful tool in moni-

toring the efficacy of treatment [45, 71]. Recent evidence

shows that strain and SR analyses derived from two-

dimensional speckle-tracking techniques can identify AFD,

independent of concentric remodeling and hypertrophy,

with more sensitivity and specificity than conventional

tissue Doppler echocardiography [50]. After correcting for

LVH, strain rate during isovolumic relaxation (SRIVR) and

transmitral E-wave velocity to SRIVR ratio remained pre-

dictors of AFD by ROC analysis. Longitudinal systolic

strain was also significantly lowered in AFD patients

compared to healthy controls [50]. Speckle-tracking

imaging can provide evidence of subclinical myocardial

dysfunction associated with reduced contractile reserve and

diastolic dysfunction in patients with AFD [72].

Cardiac MRI

Cardiac magnetic resonance imaging (CMR) plays a criti-

cal role in evaluating the differential diagnosis of cardio-

myopathies and to characterize the structure function of the

heart in patients with AFD. Cardiac MRI can reliably

detect hypertrophy, hypokinesia and areas of delayed

enhancement in patients with AFD [73, 74] and is also a

suitable tool for evaluating the beneficial effects of ERT on

LV mass in AFD patients [75] and to delineate gender

differences in LV remodeling [51, 52, 70]. Furthermore,

CMR is sensitive to the way in which intracellular accu-

mulation of Gb3 in AFD alters the biochemical environ-

ment of the heart. Non-contrast T1 mapping reveals

differences in tissue pathophysiology and can elucidate

biochemical differences that might not be structurally

apparent, such as in idiopathic versus AFD cardiomyopa-

thy [76]. While AFD-induced hypertrophy is structurally

indistinguishable from other types of hypertrophic cardio-

myopathy (Fig. 5a), our group [52] and Sado D et al. [77]

have shown that non-contrast T1 mapping can distinguish

AFD from other etiologies of concentric remodeling and

hypertrophy, whereby septal T1 times are significantly

lower in AFD patients than control or concentric remod-

eling patients (Fig. 5b, c). Structural analyses revealed that

AFD and concentric hypertrophy did not differ in terms of

cardiac mass, LV chamber volume, mass to LV chamber

volume ratio or wall thickness. Likewise, LV hypertrophy
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was a common finding in diverse patient groups, including

AFD, hypertension and cardiac amyloidosis [77]. In both

studies, T1 relaxation time was significantly lower in AFD,

which is likely to be a consequence of increased lipid

content in the intracellular compartment of cardiomyocytes

in AFD [52]. Furthermore, these studies established that T1

cutoff values could be derived that separated AFD from

other conditions with LV hypertrophy with high sensitivity

and specificity.

Renal disease in patients with Anderson-Fabry disease

End-stage renal disease (ESRD) was the most common

cause of morbidity and premature mortality in AFD, par-

ticularly in classically affected males [22, 78]. Recent

evidence indicates a reduction in morbidity and mortality

attributable to ESRD, likely due to improvements in sup-

portive care, use of ERT, dialysis and management of

comorbidities such as hypertension [9]. Enzyme replace-

ment therapy has produced clearance of renal Gb3 deposits

with improvement in clinical outcomes [79, 80]. The

decline of renal function in Anderson-Fabry nephropathy is

adversely affected by male gender, advanced chronic

kidney disease and severe proteinuria with urinary protein

excretion being the most important predictor [81]. The

diagnosis of AFD needs to be addressed in patients with

progressive kidney disease; some AFD patients have been

first identified in screening programs of dialysis patients

[82]. The Fabrazyme and ARBs and ACE Inhibitor

Treatment (FAACET) is a multicentre and open-label

study of the safety and efficacy of renin-angiotensin system

inhibition in the control of proteinuria and renal disease in

patients with AFD which will provide important data to

further guide therapy in these patients [83].

Patients with AFD have a worse 3-year dialysis survival

rates compared with non-diabetic controls, which is likely

driven by an underlying cardiomyopathy that often com-

plicates volume control and dialysis regimen. Similarly, the

5-year survival rate of transplanted AFD patients is lower

than that of controls. However, because Anderson-Fabry

nephropathy does not recur in the allograft, renal trans-

plantation might improve outcomes better than dialysis.

With the advent of renal transplantation and dialysis, the

mean lifespan of males with classical disease improved

from an average of 41–50 years from 1967 to 2001 [84,

85]. However, transplantation is the best renal replacement

therapy (RRT) option for AFD patients with ESRD.

Fig. 5 Cardiac magnetic

resonance imaging in healthy

controls, AFD and concentric

remodeling/hypertrophy

subjects in unsaturated SASHA

acquisition (a) and pre-contrast

septal myocardial T1 mapping

(b). Histograms quantifying T1

pixel mapping show AFD

patients have significantly

reduced myocardial T1 as

compared with control or

concentric remodeling/

hypertrophy patients (c). Figure

reproduced with permission

from Thompson et al. [52]
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Medical management of Anderson-Fabry disease

Patients with AFD should be followed regularly, regardless

of disease status, by a multidisciplinary team that will be

able to handle the heterogeneity and variability of AFD.

Although signs and symptoms will dictate the frequency

and extent of follow-up, comprehensive medical evaluation

at least once a year is recommended in all males with AFD.

Once a diagnosis of AFD is confirmed, all individuals

should have a detailed medical and family history taken.

All signs and symptoms should be carefully documented at

baseline and then at least annually or more often, as the

clinical situation dictates. Even in the absence of symp-

toms, all known heterozygous females should be consid-

ered at risk for developing disease manifestations and

should have a complete baseline examination. Symptom-

atic heterozygotes should be followed annually with tests

focused on their disease manifestations, while asymptom-

atic females can be re-evaluated every 2 years.

Risk factor management

Proactive modification of lifestyle, including smoking

cessation, should also be recommended as a general mea-

sure for prevention and improvement of cardiovascular,

cerebrovascular and renal disorders. An adapted version of

the Dietary Approaches to Stop Hypertension (DASH) diet,

tailored for the kidney issues prevalent in AFD, and com-

bined with moderate exercise will help with weight man-

agement, blood pressure control, cholesterol reduction, as

well as overall cardiopulmonary fitness [86, 87]. ACE

inhibitor and statin therapy are important therapeutic

agents to treat hypertension and dyslipidemia in patients

with AFD, respectively, and are known to mediate vascular

protective effects [87]. Stroke prophylaxis is important,

and low enteric-coated ASA is the first therapy for AFD

patients. Specialist care may be necessary to manage the

development of advanced cardiovascular, renal or neuro-

logical manifestations [87, 88]. Care should be taken to

manage AFD with the understanding that its systemic

nature is potentially contraindicative for some conventional

therapies used for more isolated organ diseases.

Enzyme replacement therapy

Prior to 2001, there was no treatment for patients with AFD.

However, in 2001, enzyme replacement therapy (ERT) was

developed as a treatment for this rare condition [79]. Suc-

cessful development of two ERT alternatives, agalsidase a
(Replagal) and agalsidase b (Fabrazyme), has resulted in a

considerable progression in the treatment of patients with

AFD and can modify renal and cardiac function. Clinical

trials of enzyme replacement therapy (ERT) for AFD have

proven the safety and efficacy of recombinant human forms

of a-Gal A in the short term [1, 2, 79, 80]. Indeed, ERT has

now been demonstrated to slow progression of a composite

endpoint of renal, cardiac, central nervous system events and

death in the AGAL-008-00 trial [80]. Early ERT contributes

to resolving existing intracellular Gb3 deposits in the coro-

nary capillary endothelial cells without affecting the intra-

cellular deposits within cardiomyocytes [2, 79, 89]. The

early recognition of heart disease is critical since ERT has

proved to be effective in mediating cardiac clearance of Gb3

thereby improving cardiac function [2, 9, 45, 71]. Enzyme

replacement therapy, if initiated early, may reverse some

end-organ damage and can at least halt progression of the

disease including cardiomyopathy [2, 45, 79, 90]. Based on

registry data, in patients with baseline cardiac hypertrophy,

ERT resulted in a sustained reduction in LV mass index after

5 years (from 71.4 to 64.1 g/m2) and a significant increase in

midwall fractional shortening from 14.3 to 16 % after

3 years [91]. Importantly, in patients without baseline

hypertrophy, LV mass index and midwall fractional short-

ening remained stable [91]. Furthermore, ERT improves

pain scores and quality of life assessments in AFD patients

[92].

The following criteria based on multi-modality assess-

ment may be used to initiate ERT with fulfilling two or

more criteria being an indication for ERT (Level of evi-

dence II; Grade B) [88]:

1. LV wall thickness greater than 12 mm in males and

11 mm in females.

2. LVH by ECG or increased LV mass index (echo or

cardiac MRI).

3. Diastolic filling abnormalities (E/A ratio [2 and the

deceleration time (DT) should be B140 ms)

4. Rate of LV mass increase of 5 g/m2/year as determined

by at least 3 measurements in 12 months.

5. Abnormal longitudinal or radial strain rate of LV wall.

6. Increased left atrial size on 2D echocardiography

7. Conduction abnormalities and/or arrhythmias: Type II/

III AV block, atrial arrhythmias or LBBB.

8. Moderate-to-severe mitral or aortic valvular

regurgitation.

9. Late enhancement of left ventricular wall, especially in

females, using cardiac MRI.

The current algorithm for deciding ERT use does not

entirely avoid inappropriate use or missed opportunities for

treatment, so improvement might make use of new research

findings. The aforementioned reports from our group [52]

and the UK group [77] that support the use of non-contrast

T1 mapping in AFD, potentially for detection of subclinical

cardiomyopathy, could be useful for ERT decision-making.

Presently, however, there is no published evidence for the

use of non-contrast T1 mapping in the latter capacity.
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Indeed, published guidelines, including the Canadian

guidelines mentioned above, only support the use of more

standard cardiac metrics for determining ERT candidacy. A

randomized-control trial is therefore needed to evaluate

whether non-contrast T1 mapping could improve ERT use

to reduce inappropriate prescriptions or initiate ERT as

early as possible in individuals who can benefit.

It is also worth noting that ERT may not be effective at

reducing adverse renal outcomes [93]. Furthermore, ERT

may lose its effectiveness after the appearance of end-

organ damage, such as the occurrence of cardiac fibrosis

[94, 95]. The potential inadequacy of ERT in some AFD

patients, whereby disease progression is not appreciably

arrested coupled with the high annual cost of ERT

(approximately $200,000), creates a need for novel alter-

natives to ERT or possible adjuvant therapies for the

existing ERT regimen [94, 96]. Moreover, inadequate

distribution of administered enzyme to various organs and

tissues due to inequities in flow dynamics and receptor

distribution in various tissues may limit ERT effectiveness

[97]. Beyond technical considerations that may limit the

applicability of ERT in AFD, there is conflicted evidence

with respect to the long-term clinical benefit of ERT [42,

98]. Indeed, little is known about how ERT affects patient

mortality or adverse outcomes in a multisystem perspective

[98], although there is demonstrated benefit for adverse

cardiovascular outcomes [99]. Furthermore, the positive

effect of ERT on LVH [91], imaging assessment of myo-

cardial fibrosis and strain [45, 71], and myocardial depo-

sition of Gb3 [2] only represents improvement in surrogate

rather than hard measures of adverse cardiovascular out-

comes. Registry data, surveillance programs, industry-led

follow-up studies or new randomized-control trials with

dedicated longer follow-up periods may provide informa-

tion with regard to hard cardiovascular outcomes [98].

Given the aforementioned high cost of ERT for AFD,

clarification of the long-term risks and benefits will be

paramount.

New directions: chaperone therapy and gene therapy

Competitive a-Gal A inhibitors, or molecular chaperones,

represent a paradoxical target for new therapies, whereby

inhibitor molecules such as galactose and 1-deoxygalac-

tonojirimycin interact with and allow proper folding of

otherwise unstable a-Gal A variants [100, 101]. These

chaperones could be used in tandem with ERT to induce a

confluence of recombinant human and chaperone-assisted-

native a-Gal A to achieve a suitable level of enzymatic

activity to maintain healthy function [46, 102, 103]. Only

some mutant forms of a-Gal A will be responsive to

chaperones; computational modeling and pharmacoge-

nomic screens will expedite the process of finding

candidate mutant varieties [104, 105]. Gene therapy is

currently in development to replace the mutated a-Gal A

gene, but it is difficult to develop a single viral vector to

efficiently deliver the gene to all target organs [106]. The

successful delivery of a plasmid encoding a-Gal A into

Hep G2 cells with a solid-lipid nanoparticle based non-

viral vector represents an exciting, and possibly more

widely applicable therapeutic direction [107].

Conclusions

Anderson-Fabry disease is an important metabolic disorder

that can cause severe, variable disease manifestations in

affected individuals. Large-scale metabolic and genetic

screening studies have revealed AFD to be more prevalent

in populations of diverse ethnic origins. Anderson-Fabry

cardiomyopathy, which is characterized by structural, val-

vular, vascular and conduction abnormalities, is now the

most common cause of mortality in patients with AFD.

Since AFD is an X-linked condition, women have a milder

but significant burden of AFD cardiomyopathy. Genetic

testing is widely available and plays a critical role in the

evaluation of patients with AFD. With the advent of

effective enzyme replacement therapy and the continued

advancement in diagnostic and evaluative methods, we

should increasingly be able to provide a diagnosis early in

the disease course before organ damage becomes irre-

versible. Novel echocardiographic and cardiac MRI tech-

niques can aid the continued pursuit of new effective

therapies, such that options are available for all patients

suffering this debilitating condition.
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