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

ease and fatal if left untreated. The pathophysiological

hallmark of the disease is the accumulation of substrates,

mainly globotriaosylceramide (GB3), due to a mutation

in the gene encoding for the lysosomal enzyme alpha-

galactosidase A. This accumulation and storage of GB3

involve all human cells, and the process starts in early

fetal life. Several organs can be damaged, mainly the

heart, kidneys, and nervous system. The link of sphin-

golipids accumulation to cardiac disease is not well

understood but might be primarily attributed to not only

the storage of sphingolipids but also the release of cir-

culating toxic metabolites.1 Patients carrying the

mutation might be asymptomatic, while cellular and

organ damage is taking place, and this process if unde-

tected and treated will eventually lead to an irreversible

stage once fibrosis develops. The prevalence of AFD

had been previously underestimated and believed to

affect 1:117,000 live births;2 however, newer newborn

screening initiatives suggested a much higher prevalence

ratio of as high as 1:3900.3,4

Cardiovascular complications in AFD patients are

the leading cause of death.5 Cardiac manifestations

include, left ventricular hypertrophy (LVH), chronic

inflammation, myocardial fibrosis, ischemic heart dis-

ease due to coronary microvascular disease, valve

disease, functional impairment, and arrhythmia.6

Arrhythmia is mainly a complication of LVH, and

fibrosis and is the cause of the substantial increase in

morbidity and reduced life expectancy.5

Myocardial fibrosis first is limited to the mid-my-

ocardial layers of the basal posterolateral wall, then

starts spreading to transmural fibrosis, 7 and it is a sign

of disease progression and irreversibility. The typical

finding in AFD cardiomyopathy is LVH which affects

almost 50% of patients, and the development of hyper-

trophy is owed to an active growth-promoting factor

identified in the plasma of AFD patients named sphin-

gosine-1-phosphate (S1P), and in vitro S1P induces

hypertrophy of the cardiomyocytes. In vivo, the plasma

level of S1P correlates strongly with the left ventricular

mass. Thus, it appears that S1P has a significant con-

tribution to the development of cardiovascular

remodeling due to its proliferative mechanism of

action.1 Interestingly, due to the X-linked genetic nature,

in female patients, the spectrum of the disease is broad,

ranging from mild-to-severe disease; the presentation is

usually later in life, around a decade later than in male

patients; and it might be present without hypertrophy,8

which could be an indication that fibrosis is not solely a

consequence of hypertrophy and emphasizes the need

for targeting new and early phenotypic (imaging)

markers.

Early diagnosis of AFD is critical due to the exis-

tence of treatment with specific enzyme replacement
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therapy (ERT), and the lately approved in Europe the

pharmacologic chaperone migalastat, which can be

administered orally and works on stabilizing certain

mutant enzymes and eventually, Migalastat allows the

catabolism of substrate by the a-galactosidase.9 ERT,

however, does neither reverse fibrosis nor entirely

reverse the established LVH; it is expensive, and is

given intravenous once every 2 weeks. For its approval

for administration, a patient needs to show some phe-

notypic markers that need to be as early as possible in

the course of the disease. The initiation of treatment

after fibrosis is established might not be beneficial, and

this is of special importance in the late onset AFD.10 The

consequences of delayed diagnosis include failure to

deliver adequate treatment, downstream multiple test-

ing, and devastation to the patient, and to the healthcare

system. Once heart failure develops, management would

be medical therapy, and insertion of intracardiac defib-

rillation devices to prevent sudden cardiac death due to

malignant arrhythmia is usually indicated.11

In the past few years, several diagnostic steps have

been implemented for early diagnosis; multiple imaging

techniques have come to be employed to identify the

earliest signs of the disease, as described below:

Echocardiography is the most common imaging

modality for screening for AFD due to its easy avail-

ability and cost, and when cardiac magnetic resonance

imaging (CMRI) is contraindicated. Several parameters

are addressed in an echocardiogram of patients with

cardiac AFD: structure to identify LVH and specific

feature of papillary muscle hypertrophy that potentially

differentiates AFD from other hypertrophic diseases.12

Assessment of both systolic and diastolic function,

including the use of tissue doppler and speckle tracking

echocardiography which allows the differentiation

between active and passive movement of the myo-

cardium, enabling evaluation of segments that cannot be

visually assessed and thus providing a more reliable

functional assessment. Global longitudinal strain (GLS)

has a strong predictive value among well-known and

established predictors of all-cause death in HF.13 Studies

have shown abnormal speckle tracking and strain

imaging by echocardiography indicating impaired

regional myocardial function despite normal ejection

fraction. Therefore, these parameters will aid in the

diagnosis of early occult systolic impairment. These

regional abnormalities in AFD start at the basal seg-

ments of the posterolateral wall of the LV.14,15

CMRI is of special importance both in the diagnosis

and the follow-up stages of patients with AFD. In the

affected individuals with cardiac involvement, there is a

myocyte replacement with fibrosis that is usually imaged

by contrast enhancement of the intercellular space where

Gadolinium accumulates due to slow distribution

kinetics. Late gadolinium enhancement in the assess-

ment of fibrosis is essential in staging of the disease and

the follow-up response to treatment. Other sequences

have been addressed and validated, such as native T1,

T2, and T1 maps. T1 mapping has a high diagnostic

value in myocardial involvement in systemic diseases

and LVH; low T1 maps values are present in AFD

patients, and this is likely attributed to the storage of

GB3 in the myocytes.16 Tissue tracking, strain, and

strain rate by CMRI have emerged; however, they are

still in use only for research purposes.

In the current issue of the journal, in a relatively

small-sample-sized study, Spinelli, et al.,17 describe

nicely the use of a well-established, well-validated

method for the detection of very early signs of cardiac

involvement in AFD by means of 123I-metaiodoben-

zylguanidine (MIBG) against echo.

MIBG has been in use for decades in the evaluation

of the integrity of the cardiac sympathetic innervations.

This technique had been validated in cases of both

ischemic and non-ischemic cardiomyopathy, hyper-

trophic cardiomyopathy, dilated cardiomyopathy,

postcardiac transplantation, and cardiac amyloidosis.18

In this study, one would hope to see a breakthrough

by demonstrating association between all myocardial

segments with abnormal longitudinal strain on echo and

denervation confirmed by MIBG; however, and as the

authors emphasize, it seems that strain rate by echo

might in fact precede the development of regional

myocardial denervation. In this regard, limitations of

imaging should be taken into account. The use of 2D

speckle tracking is non-angle dependent and is only

limited by image. Whereas, the nuclear imaging most

important limitation in the current study is the exclusion

of the inferior wall segments due to attenuation artifact,

and therefore less reliable to assess. The results of the

study were potentially affected by this, mainly because

in the early appearance of AFD, the posterolateral wall

is affected, and likely, we would have seen more den-

ervated segments had the inferior wall been evaluated.

Alternatively, the use of prone imaging or attenuation

correction may have solved this obstacle. Most elegant,

but most costly, is the application of the sympathetic

innervation imaging with 11C-mHED (metaHydrox-
yephedrine) PET for optimal quantitation, and without

the disadvantage of attenuation artifacts. Furthermore,

50% of the study population had LV hypertrophy, which

is the hallmark of the disease, mainly in male patients. It

would be worth investigating if this affects in particular

the difference in the results between echo and MIBG, or

is it applicable in all genders, including in all different

phases of AFD?

Until we have that one specific test that provides the

tools to confirm or rule out the diagnosis of AFD very
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early in the course of the disease, prior to the develop-

ment of LVH and fibrosis, the pleiotropic nature of the

disease will still necessitate a comprehensive multidis-

ciplinary, multimodality imaging approach for targeting

the matched and mismatched morphological and func-

tional abnormalities in AFD. Hybrid PET/MRI has also

been used for the diagnosis of AFD. This technique is

expected to better differentiate between patients with

active inflammation versus scar, using FDG to facilitate

the presence of inflammation and Gadolinium for the

detection of fibrosis sand scar tissue.19 Also, the com-

bination with 11C-mHED PET may clarify the

autonomic cardiac function more accurately, by taking

into account the different stages of AFD. We are con-

vinced that multimodality imaging in cardiac AFD is

needed; from early diagnosis to therapeutic targets,

however, the place of nuclear imaging tests in the

clinical care of Fabry patients still needs exploration.
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Pollak A, et al. Neonatal screening for lysosomal storage disor-

ders: feasibility and incidence from a nationwide study in Austria.

Lancet 2012;379:335-41. https://doi.org/10.1016/S0140-6736(11)

61266-X.

5. Baig S, Edward NC, Kotecha D, Liu B, Nordin S, Kozor R, et al.

Ventricular arrhythmia and sudden cardiac death in Fabry disease:

a systematic review of risk factors in clinical practice. EP Euro-

space 2018;20:153-61.

6. Patel MR, Cecchi F, Cizmarik M, Kantola I, Linhart A, Ds C, et al.

Cardiovascular events in patients with fabry disease natural history

data from the Fabry Registry. J Am Coll Cardiol 2011;57(9):1093-

9. https://doi.org/10.1016/j.jacc.2010.11.018.

7. Seydelmann N, Wanner C. Fabry disease and the heart. Best Pract

Res Clin Endocrinol Metab 2015;29:195-204.

8. Niemann M, Breunig F, Beer M, Machann W, Ertl G, Wanner C,

et al. Differences in Fabry cardiomyopathy between female and

male patients. JACC 2011;4(6):592-601.

9. Feliciani C, Shankar SP, Ezgu F, Amartino H, Bratkovic D,

Charrow J, et al. Treatment of Fabry’s disease with the pharma-

cologic chaperone migalastat. N Engl J Med 2016;375:545-55.

10. Hsu T, Hung S, Chang F, Yu W, Sung S, Hsu C, et al. Later onset

fabry disease, cardiac damage progress in silence. J Am Coll

Cardiol 2016;68(23):2554-63. https://doi.org/10.1016/j.jacc.2016.

09.943.

11. Task A, Elliott PM, Uk C, Anastasakis A, Germany MAB, Ger-

many MB, 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). Eur Heart J 2014;35:2733-

79.

12. Popescu BA, Adrian S, Militaru S, Ginghin C. Multimodality

imaging in Fabry cardiomyopathy: from early diagnosis to thera-

peutic targets Echocardiography in Fabry. Eur Heart J

2018;19:1313-22.

13. Investigations O. Global longitudinal strain to predict. J Am Coll

Cardiol 2018;71(18):1947-57.

14. Niemann M, Liu D, Hu K, Machann W, Beer M, Wanner C, et al.

Two-dimensional speckle tracking as a non-invasive tool for

identification of myocardial fibrosis in Fabry disease. Eur Heart J

2013;34:1587-96.

15. Weidemann F, Niemann M, Breunig F, Herrmann S, Beer M,

Störk S, et al. Long-term effects of enzyme replacement therapy

on evidence for a better outcome with early treatment. Circulation

2009;119:524-9.

16. Pica S, Sado DM, Maestrini V, Fontana M, White SK, Treibel T,

et al. Reproducibility of native myocardial T1 mapping in the

assessment of Fabry disease and its role in early detection of

cardiac involvement by cardiovascular magnetic resonance. J

Cardiovasc Magn Reson 2014;16:99.

17. Spinelli L, Imbriaco M, Giugliano G. Focal reduction in left

ventricular I-metaiodobenzylguanidine uptake and impairment in

systolic function in patients with Anderson-Fabry disease. Berlin:

Springer International Publishing; 2019. https://doi.org/10.1007/

s12350-019-01734-8.

18. Clements IP, Kelkar AA, Garcia EV, Butler J, Chen J, Folks R,

et al. Prognostic significance of 123 I-mIBG SPECT myocardial

imaging in heart failure: differences between patients with

ischaemic and non-ischaemic heart failure. Eur Heart J

2016;17:384-90.

19. Nappi C, Altiero M, Imbriaco M, Nicolai E, Giudice CA, Aiello

M, et al. First experience of simultaneous PET/MRI for the early

detection of cardiac involvement in patients with Anderson-Fabry

disease. Eur J Nucl Med Mol Imaging 2015;42:1025-31.

Publisher’s Note Springer Nature remains neutral with regard to

jurisdictional claims in published maps and institutional affiliations.

652 Massalha and Slart Journal of Nuclear Cardiology�
Anderson-Fabry disease March/April 2021

https://doi.org/10.1016/S0140-6736(11)61266-X
https://doi.org/10.1016/S0140-6736(11)61266-X
https://doi.org/10.1016/j.jacc.2010.11.018
https://doi.org/10.1016/j.jacc.2016.09.943
https://doi.org/10.1016/j.jacc.2016.09.943
https://doi.org/10.1007/s12350-019-01734-8
https://doi.org/10.1007/s12350-019-01734-8

	Anderson-Fabry disease: Worthy to in-SPECT the nerves?
	References




