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Anderson–Fabry disease (AFD) is a multisystem X-linked disorder of lipid metabolism fre-
quently associated with progressive glycosphingolipid accumulation in cardiac, renal, and
nervous cells. The diagnosis of AFD is usually assessed by enzyme assay and genetic tests, but
advanced cardiac imaging can be useful in detecting early signs of the disease. Echocardiog-
raphy and cardiac magnetic resonance are the first-line imaging modalities to investigate
cardiac involvement in AFD, but the recent introduction of new molecular and hybrid imaging
techniques opens to a wider range of diagnostic applications. This article aims to provide an
overview of nuclear cardiology techniques in diagnosis and clinical management of AFD.
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Abbreviations

AFD Anderson–Fabry disease

Gb3 Globotriaosylceramide

LV Left ventricular

LVH Left ventricular hypertrophy

CMR Cardiac magnetic resonance

LGE Late-gadolinium enhancement

ERT Enzyme replacement therapy

FDG Fluorodeoxyglucose

PET Positron emission tomography

STIR Short time inversion recovery

COV Coefficient of variation

SUV Standardized uptake value

MIBG Metaiodobenzylguanidine

CMD Coronary microvascular dysfunction

CARDIAC INVOLVEMENT IN ANDERSON–
FABRY DISEASE

Anderson–Fabry disease (AFD) is an X-linked

recessive lysosomal storage disorder, caused by the

deficiency of a-galactosydase A, resulting in progressive

accumulation of glycosphingolipids, in particular globo-

triaosylceramide (Gb3), in a variety of cells and tissues,

in particular vascular endothelial cells, cardiomyocytes,

smooth muscle cells, renal cells, and neuronal cells.1

Male individuals are primarily affected, but female

heterozygotes may also display symptoms ranging in

severity, possibly due to skewed X-chromosome inac-

tivation.2 Glycosphingolipid deposition in the

endothelium has been considered the cause of the
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vascular abnormalities in AFD; however, there is no

directly proportional relationship between vascular

damage and the amount of Gb3 deposition. Hence, it

has been proposed that other mechanisms could be

involved. It is believed that the primary enzymatic

defect produces a cascade of events that causes endothe-

lial dysfunction and impaired arterial remodeling,

causing occlusive phenomena and thrombosis of small

and medium arteries with the corresponding infarction in

the medium and long term. In AFD, there are not only

changes in arteries due to endothelial damage but there

is also accelerated hypertrophy in the medium-caliber

arteries, with increased intima-media thickness, affect-

ing the distensibility of the arteries, due to hypertrophy

of the smooth muscle cells. Gb3 deposition, microcir-

culation ischemia, and impaired expression of adhesion

molecules in myocardial cells promote inflammation,

increased extracellular matrix deposition, and fibrosis.

On the light of these evidences, it has been proposed a 3-

phase cardiac phenotype of AFD: accumulation, myo-

cyte hypertrophy with inflammation, and fibrosis with

left ventricular (LV) impairment.3

Classic AFD may present itself with specific signs

and symptoms, although some patients with genetically

proven disease could not show these signs and symp-

toms, being considered to have non-classic or atypical

AFD. Often the first presentation of non-classic AFD

patients is unexplained LV hypertrophy (LVH), but

these patients may also present with renal dysfunction or

stroke.4,5 Cardiac involvement is the leading cause of

death and premature mortality is also predicted by

evidence of myocardial fibrosis, which has been demon-

strated to be not necessarily associated with LVH.6 AFD

multi-organ manifestations usually occur during the

third and fourth decade of life (and this is also what

happens in the cardiac involvement with the onset of

LVH), but many symptoms of the disease can occur

before 10 years of age, frequently resulting in a mean

time between the onset of symptoms and correct

diagnosis in these patients of over 15 years, emphasizing

the importance of an increased disease awareness.7

The diagnosis of AFD is usually assessed by

enzyme assay and genetic tests but it has been demon-

strated that 3-phase-specific phenotypic pattern of

disease shows typical abnormal findings at advanced

cardiac imaging, which can be useful in detecting early

signs of AFD in patients with or without LVH.8 The

multi-pathway diagnosis of AFD is linked to the natural

history of the disease. Echocardiography is usually the

first-line imaging modality to look for cardiac involve-

ment in suspected or established AFD.5 Cardiac

magnetic resonance (CMR) imaging is an established

diagnostic tool to assess myocardial storage and other

disease processes such as inflammation in patients with

AFD. In particular, it has been largely demonstrated on

the usefulness of late-gadolinium enhancement (LGE)-

CMR technique for assessment of myocardial fibrosis in

the setting of cardiac involvement of patients with

AFD.9–11 Yet, low native T1 has been shown to

represent sphingolipid accumulation in these

patients.12,13 Hanneman et al.14 recently reported the

results of the largest study on the association between

CMR findings and outcomes in AFD. The results

demonstrated the strong relationship between the pres-

ence and severity of LGE and an increased cardiac

arrhythmia risk in AFD. Finally, myocardial strain

measured by global longitudinal strain using feature-

tracking CMR has been recently shown to be impaired

with hypertrophy, storage (measured by low native T1),

and LGE.15 Although CMR plays an increasingly

relevant role in the management and stratification of

patients with AFD, the clinical course of the disease is

very heterogeneous and diagnosis is still challenging.

Novel concepts that consider alternative molecular

pathways linking Gb3 storage and fibrosis have recently

been proposed, as well as alternative imaging

modalities.8,16

ADVANCED MOLECULAR CARDIAC IMAGING

The possible use of specific probes (biomarkers) to

image the different pathways opens new opportunities

not only for early detection of tissue damage (such as

inflammation and fibrosis) but also for disease charac-

terization. Biomarkers interact directly and chemically

with surroundings and alter the image according to

molecular changes differently from traditional imaging

methods which primarily image differences in qualities

such as density or water content. Moreover, it allows for

quantitative tests, imparting a greater degree of objec-

tivity to the study and a greater reproducibility for the

follow-up of patients after specific enzyme replacement

therapy (ERT). As it has been demonstrated, the role of

acute and chronic inflammation triggered by glycosph-

ingolipid storage in cardiomyocytes in early phases of

disease, thus 18F-fluorodeoxyglucose (FDG) positron

emission tomography (PET), has gained an increasingly

relevant role in early diagnosis and therapy monitor-

ing.16 Cells involved in infection and inflammation are

activated lymphocytes, neutrophils, and macrophages

that express high levels of surface glucose transporter

proteins with high affinity to 18F-FDG (mainly GLUT1

and GLUT3) and exhibit high intracellular levels of

hexokinase and phosphatase activity promoting accu-

mulation of 18F-FDG. 18F-FDG PET imaging has been

widely used in inflammation and infection status in
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different diseases showing a high diagnostic accuracy.17

The chance to use 18F-FDG in advanced molecular

imaging combining PET and MR in hybrid imaging

opened a significant window for the early detection of

cardiac involvement in patients with AFD.16 CMR

allows the direct assessment of cardiac fibrosis by

LGE,11,18 meanwhile T2-weighted short time inversion

recovery (STIR) black-blood imaging enables detection

of myocardial edema with high diagnostic accuracy and

may allow differentiation of acute from chronic myocar-

dial lesions,19 on the other hand 18F-FDG PET is highly

sensitive to metabolically active processes.

Nappi et al.20 investigated the potential role of

hybrid PET/MR imaging in the assessment of cardiac

involvement in a group of fourteen patients with AFD

and without cardiac symptoms. They found in six

patients focal LGE, indicating intra-myocardial fibrosis,

and in four of them positive T2-STIR sequences. All

patients with LGE and positive T2-STIR MR images

had focal 18F-FDG uptake in the corresponding myocar-

dial segments indicating myocardial inflammation, also

confirmed by elevated cardiac troponin I values. Imbri-

aco et al.21 suggested a potential relationship between

progressive myocyte sphingolipid accumulation and

inflammation, evaluating by 18F-FDG PET/MR imaging

a group of twenty female AFD patients without cardiac

symptoms. They calculated the coefficient of variation

(COV) of the standardized uptake value (SUV) in each

patient as the SUV standard deviations divided by the

average SUV as an index of heterogeneity of 18F-FDG

uptake, finding out that normal and abnormal COV

values are correlated with T1 mapping parameters

Figure 1. Speckle-tracking echocardiography, cardiac magnetic resonance, and 18F-FDG PET in a
patient with AFD. (A) Bull’s-eye rendering of left ventricular global longitudinal strain (- 23%).
(B) Late-gadolinium enhancement (LGE) in the lateral left ventricular wall. (C) Corresponding
PET showing focal tracer uptake matching the area of LGE. (D) Polar map of 18F-FDG
standardized uptake value (coefficient of variation 0.38).
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assessed by CMR. They also showed a significant signal

alteration on T1 sequences in the inferolateral LV wall,

corresponding to focal 18F-FDG uptake at PET imaging.

These results suggest the feasibility of 18F-FDG PET/

MR imaging for the early detection of cardiac involve-

ment and in particular of focal inflammation, even in

non-hypertrophic stage. This approach may allow def-

inition of the pathophysiological pattern in every single

patient, which would help in customization of the

therapeutic strategy. Although the small number of

patients recruited does not allow generalization of the

results, they may provide guidance and input for further

investigations. Spinelli et al.16 investigated the relation-

ship between metabolic abnormalities assessed by 18F-

FDG PET/MR imaging and impaired longitudinal func-

tion assessed by echocardiography in AFD. The results

of PET/MR cardiac imaging compared to those of

speckle-tracking echocardiography in 24 heterozygous

females carrying a-galactosidase A mutation and with-

out LVH showed worse global longitudinal systolic

strain, in patients with normal compared with those with

abnormal COV. The authors conclude that in females

carrying a-galactosidase A mutation, focal 18F-FDG

uptake represents an early sign of disease-related

myocardial damage and is associated with impaired

LV longitudinal function, further supporting the

hypothesis that inflammation plays an important role

in glycosphingolipids storage disorders.16 Typical find-

ings of speckle-tracking echocardiography, CMR, and
18F-FDG PET in a AFD patient are illustrated in

Figure 1.

SYMPATHETIC CARDIAC INNERVATION
IMAGING

SPECT using 123I-metaiodobenzylguanidine

(MIBG) is a non-invasive imaging method that allows

to measure post-ganglionic pre-synaptic noradrenergic

uptake in vivo, providing a useful evaluation of sym-

pathetic neuronal damage after myocardial infarction, in

hypertrophic and dilated cardiomyopathy, and after

cardiac transplantation.22,23

123I-MIBG is thought to share similar uptake and

storage mechanisms as norepinephrine but is not metab-

olized by monoamine oxidase, thus remaining into

myocardial sympathetic nerve endings. 123I-MIBG

imaging can be considered a challenging technique for

early detection of cardiac involvement in AFD. In AFD

patients, several studies have shown Gb3 storage in

neural cells particularly affecting small, unmyelinated

nerve fibers and symptoms reflecting progressive loss of

function in both peripheral somatic and autonomic nerve

Figure 2. Cardiac magnetic resonance (CMR), 18F-FDG PET, and stress-rest 82Rb PET in two
patients with AFD. (A) 48-year-old woman and (B) 53-year-old man. Both patients had normal LV
mass, thickening, and size on cine images without evidence of late-gadolinium enhancement at
CMR. Both patients also had homogeneous 18F-FDG myocardial uptake and normal perfusion by
stress-rest 82Rb imaging. On the contrary, myocardial perfusion reserve was normal in the first
patient and severely reduced in the second.
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cells.24,25 These findings may reflect not only the direct

infiltration of Gb3 into the cardiac conduction system,

but also a possible cardiac autonomic denervation as

another contributory factor accounting for the variety of

conduction disturbances seen in AFD patients. From

Imbriaco et al.26 it emerged that 20% of patients with

AFD showed a regional reduction of 123I-MIBG uptake

in the inferolateral LV wall, without evidence of

myocardial fibrosis on CMR. Of these patients, 40%

was in New York Heart Association class I and not

under ERT, suggesting that degenerative changes in

cardiac sympathetic nerves may precede clinical symp-

toms as well the onset of myocardial fibrosis. Moreover,

in AFD patients, reduced 123I-MIBG cardiac uptake and

impairment in systolic function are related, as indicated

by the worsening of segmental longitudinal strain as

MIBG uptake score increased.27 These findings confirm

that sympathetic denervation can be found at a very

early stage of disease-related cardiomyopathy.

GLYCOSPHINGOLIPID AND ENDOTHELIAL
DYSFUNCTION IN AFD

The pathophysiology of AFD includes different

molecular abnormalities that involve damage to the

endothelial and muscle cells of the vessels, cardiomy-

ocytes, and cardiac conduction system.

Glycosphingolipids, particularly Gb3, induce lysosomal

degradation resulting in endothelial dysfunction in AFD.

Dysfunction of endothelial cells stimulates the increased

expression of adhesion molecules for inflammatory

cells.28 Inflammatory cell migration and vascular inflam-

mation generate an oxidizing environment. The

accumulating inflammatory cells produce abundant

reactive oxygen species and secrete inflammatory

cytokines/chemokines and growth factors that contribute

to endothelial dysfunction and vascular smooth muscle

cell proliferation. Microvascular angina can be the first

manifestation of AFD cardiomyopathy preceding the

development of LVH. Microvascular involvement may

be a useful parameter to distinguish the relative contri-

bution of storage in vascular cells, particularly,

endothelium vs myocytes. Frustaci et al.29 presented a

significant experience of microvascular angina as pre-

hypertrophic presentation of AFD comparing mother

(60-year-old) and her daughter (36-year-old) with a

divergent AFD structural phenotype. Endomyocardial

biopsy of mother showed severe glycolipid accumula-

tion of myocardiocytes, while a small arteriole is nearly

unaffected. CMR from the mother showed the presence

of a moderate LVH with combined diffused edematous

imbibitions. Endomyocardial biopsy in the daughter

showed mosaic of normal and minimally affected

cardiomyocytes attributable to LVH (also confirmed

by CMR) and hyperplasia of muscle with severe Gb3

accumulation in cardiomyocytes and small arteriole with

smooth muscle cells infiltrated by glycolipid bodies.

There are several potential pathophysiological mecha-

nisms underlying coronary blood flow impairment in

AFD, and these include those mediated by LVH

(reduced capillary density, extravascular compression

forces) as well as those directly affecting the microvas-

culature (endothelial dysfunction due to Gb3 storage,

nitric oxide pathway dysregulation, or microvascular

remodeling). According to these evidences, it is clear on

the potential role of myocardial perfusion imaging in an

early phase aiming to provide a non-invasive evaluation

coronary circulation in patients with microvascular

angina and/or suspected or known AFD.30

Quantitative PET measurement of absolute myocar-

dial blood flow and myocardial perfusion reserve

improves the accuracy of perfusion imaging in detecting

multi-vessel coronary artery disease and in defining the

extent and functional importance of stenosis.31–33 PET

has also the advantage to use different tracers and

isotopes, such as 13N-labeled ammonia, 15O-water, and
82Rb, without substantially affecting the accuracy of the

results.34–37

As regard AFD, Tomberli et al.38 demonstrated,

using 13N-PET, that hyperemic blood flow values are

blunted both in patients with and without LVH, reflect-

ing a mild-to-severe coronary microvascular dysfunction

(CMD). Moreover, a milder coronary microvascular

impairment was found in patient without LVH as

compared with those with LVH. These findings show

that microvascular function is impaired in AFD patients

irrespective of any other evidence of cardiac involve-

ment, suggesting that LVH per se is indeed a likely

contributor to CMD, rather than a cause and proposing

that early detection of subclinical cardiac involvement,

as allowed by PET studies of microvascular function,

may become a critical element in clinical decision-

making and targeted therapy in AFD patients.38 Figure 2

reports CMR, 18F-FDG PET, and stress-rest 82Rb PET in

two AFD patients. Although both patients had normal

CMR findings and myocardial perfusion imaging, coro-

nary perfusion reserve was normal in the first patient and

severely reduced in the second. Further studies aimed at

elucidating the mechanism of Gb3-mediated vascular

dysfunction might provide an important clue to the

understanding of the sequential phase of AFD in the

early stage (pre-hypertrophy) and of the possible new

frontiers of AFD treatment. It should be considered that

ERT with recombinant human a-galactosidase was

approved for clinical use in 2001. Prior studies showed

that this therapy is able to reduce microvascular deposits

of Gb3 from the kidneys, the skin, and the heart.39,40

However, there is still limited evidence showing that
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ERT can be effective in preventing progression of LVH

and, in parallel, improving myocardial function,10 and

no studies investigating the long-term effects on cardiac

performance have yet been published. More recent

studies demonstrated that ERT cannot significantly

influence disease progression and clinical outcome, in

patients with an advanced stage of the disease.41 Early

diagnosis and management of AFD represent a promis-

ing strategy to reduce organ damage, morbidity, and

premature mortality in adulthood, supporting the need to

integrate the diagnostic pathway with early multimodal-

ity imaging to assess organ involvement as the global

cardiac functional status.42

CONCLUSION AND FUTURE DIRECTIONS

Considering such evidences, it is clear that nuclear

medicine techniques may allow a comprehensive eval-

uation of coronary, myocardial, and sympathetic

function. PET imaging enables the quantification of

coronary blood flow and perfusion reserve in AFD

patients in a way that can be readily integrated within

the clinical workflow and may be useful as an early

marker of CMD in clinical studies.38 Early detection of

subclinical cardiac involvement, as allowed by PET

assessment of microvascular function, may become a

critical element in clinical decision-making especially in

young AFD patients. Particularly, CMD may represent a

viable treatment target, potentially relevant to the

prevention of disease progression and outcome.38 Fur-

thermore, is it possible to hypothesize that the severity

of CMD may be an important predictor of adverse

outcome, as for other genetically determined cardiomy-

opathies. Integrated multimodality imaging using PET/

MR acquisition has been shown to provide at the same

time information on intra-myocardial fibrosis and areas

of active myocardial inflammation in patients with AFD,

even at early stage.20 This approach may allow defini-

tion of the pathophysiological pattern in every single

patient which would help in customization of the

therapeutic strategy. It is unknown whether, at this early

stage of AFD, ERT may improve or revert vascular

obstruction.21 Moreover, 123I-MIBG myocardial scintig-

raphy showed good accuracy in detecting cardiac

adrenergic denervation due to autonomic nervous

degeneration and impaired sympathetic function

observed in patients with AFD.24–27 To summarize

multimodality imaging might play a crucial role in

management of AFD patient, from early diagnosis to

therapeutic targets, however, there is still need of new

and wider evaluations.
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