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pertrophic cardiomyopathy (HCM) and late-onset Anderson-Fabry disease (AFD). The purpose of this report is 
to show how CMR led to diagnosis of AFD in 3 family members, 1 of whom previously was misdiagnosed with 
HCM, and how late-onset AFD can present with different cardiac phenotypes, even in a family with the same 
pathogenic mutation.
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late-onset AFD. He was found to have the same pathogenic mutation but with a presentation of asymmetrical 
septal LVH. The daughter of the index patient was positive for the same mutation but did not have LVH.

	 Conclusions:	 The fact that patients with late-onset AFD can present with different LVH and fibrosis patterns, even in the 
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agnosis of HCM. CMR is fundamental for differentiating between those 2 entities and defining the pathologi-
cal phase of AFD. A correct diagnosis can have a substantial impact on patient management, and more so on 
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Background

The etiology of concentric left ventricular hypertrophy (LVH) is 
heterogeneous, and its causes include chronic pressure over-
load (arterial hypertension, aortic stenosis), hypertrophic car-
diomyopathy (HCM), and infiltrative cardiomyopathies such 
as amyloidosis and Anderson-Fabry disease (AFD). AFD has 
been reported in 6% of men [1] and 12% of women [2] pre-
viously diagnosed with HCM. In fact, late-onset AFD is indis-
tinguishable from HCM based on clinical symptoms or find-
ings from an electrocardiogram (ECG) or echocardiogram [3]. 
In a patient with LVH, cardiac magnetic resonance imaging 
(CMR) is the only noninvasive test capable of differentiating 
between HCM and late-onset AFD. The purpose of this report 
is to show how CMR led to diagnosis of AFD in 3 family mem-
bers, 1 of whom previously was misdiagnosed with HCM, and 
how late-onset AFD can present with different cardiac phe-
notypes on CMR, even in family members who have the same 
AFD pathogenic mutation.

Case Report

A 60-year-old man with no known medical history was referred 
to our cardiology clinic because findings from a previous ECG 
met the criteria for LVH (Figure 1) and screening for cardio-
myopathy was suspicious for HCM. He had a family history of 
cardiovascular disease, and 1 sibling had been diagnosed with 

HCM and paroxysmal atrial fibrillation. The patient’s only com-
plaint was episodes of palpitation that lasted a few minutes. A 
24-hour Holter tape revealed sinus rhythm (mean heart rate 78 
bpm) and low-density ventricular and supraventricular prema-
ture beats with no ventricular tachycardia. Transthoracic echo-
cardiography (TTE) showed severe symmetrical concentric LVH 
(18-mm thickness at the interventricular septum) and a higher 
than normal left ventricular ejection fraction (LVEF; 74%), with 
no regional wall motion abnormalities. There was no systolic 
anterior motion of the mitral valve or left ventricular (LV) out-
flow tract obstruction at rest. An LV myocardial deformation 
study showed decreased global longitudinal strain (GLS) (–15%) 
(Figure 2). Because of the patient’s family history and his ECG 
and TTE findings, there was significant suspicion for symmetrical 
non-obstructive HCM. CMR was performed, which confirmed the 
echocardiographic findings (Figure 3, Videos 1–3). Late gadolini-
um enhancement (LGE) sequences documented mid-wall fibrosis 
in the basal to mid-lateral segments (Figures 4, 5). Furthermore, 
the myocardial T1 mapping sequence showed a low native T1 
value of 830 milliseconds at the mid-septum at 1.5 Tesla (the 
normal range in our center is between 959 milliseconds and 
1031 milliseconds), with normal extracellular volume (ECV) of 
22% (the normal range in our center is <28%). Myocardial T2 
star values were normal (39 milliseconds), excluding iron over-
load. All of these findings were highly suggestive of AFD car-
diomyopathy, for which an enzymatic and genetic study was 
carried out, revealing a low alpha galactosidase (a-Gal A) pro-
tein concentration (<2.8 ng/mL, the lowest quantification limit 

Figure 1. �Electrocardiogram showing signs of 
left ventricular hypertrophy using 
Sokolow-Lyon criteria.
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detected; normal range >15.3 ng/mL) and increased lyso-GB3 
levels. Moreover, the genetic study was positive for heterozygo-
sis mutation NM_000169.2: c.337T>C; p.Phe113Leu in the GLA 
gene (p.F113L), a pathogenic mutation associated with late-on-
set AFD and severe cardiac involvement [4].

The patient’s renal function was normal and he did not have 
any other extracardiac manifestations. Therefore, Type 2 AFD 
(late-onset variant) was diagnosed and screening of other rel-
atives was indicated. The index patient had 4 brothers and 1 
daughter. His 58-year-old brother previously had been diag-
nosed with HCM, based on his clinical history and ECG and 
echocardiographic findings. His CMR showed asymmetrical sep-
tal LVH (anteroseptal wall thickness 16 mm vs. 11 mm in the 
inferolateral wall), a low native T1 value (818 milliseconds), 
and no LGE (Figures 6, 7, Video 4). Moreover, the man’s genet-
ic and enzymatic tests showed the same AFD mutation as in 
our index patient (p.F113L mutation, heterozygote), with low 
α-Gal A protein concentration (<2.8 ng/mL). We also evaluat-
ed the 28-year-old daughter of the index patient, who was as-
ymptomatic. She had the same AFD mutation variant, but a 

normal heart structure and function, no LGE, and a normal T1 
value (1017 milliseconds) (Figures 7, 8, Video 5); no enzymat-
ic testing was performed on her. The main clinical and cardi-
ac features of the index patient and his brother and daughter 
are summarized in Table 1 and Figure 7.

Based on these findings, the 3 family members were diagnosed 
with late-onset AFD (the brother’s HCM diagnosis was disre-
garded) and referred for evaluation for specific AFD therapy 
and familial screening. The 2 men were started on enzyme re-
placement therapy (ERT), angiotensin-converting enzyme inhib-
itors (ACEIs), and beta blockers. For the daughter, we chose to 
continue with a conservative strategy, with close regular fol-
low-up, defined as an annual ECG and echocardiogram and 
5-year interval CMR imaging. If she had cardiac symptoms or 
new abnormalities on ECG or echocardiography, we would per-
form CMR imaging sooner.

Of the index patient’s other 3 brothers, 1 is healthy and 2 were 
diagnosed with LVH at another center. Diagnostic studies for 
them are still pending.

Figure 2. �Transthoracic echocardiogram. (A) Apical 4-chamber. (B) Apical 2-chamber. (C) Parasternal long-axis. (D) Polar map 
(“bullseye”) of global longitudinal strain of the left ventricle with loss of normal base-to-apex strain values, as an early 
marker of cardiac involvement in Anderson-Fabry disease. AFD – Anderson-Fabry disease; Ao – aorta; GLS – global 
longitudinal strain; LV – left ventricle; RV – right ventricle.
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Figure 3. �Cardiac magnetic resonance imaging of the index patient. Steady-state free precession (SSFP) cine images at end-diastole. 
Severe concentric symmetric left ventricular hypertrophy (maximum anteroseptal wall thickness 18 mm vs. 16 mm in the 
inferolateral wall). (A) 4-chamber view. (B) 2-chamber view. (C) 3-chamber view. (D) Short-axis view.
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Video 1. �Cardiac magnetic resonance imaging of the index 
patient. 4-chamber SSFP cine video. Normal 
biventricular ejection fraction, no regional wall motion 
abnormalities. Concentric symmetric left ventricular 
hypertrophy.

Video 2. �Cardiac magnetic resonance imaging of the index 
patient. 2-chamber SSFP cine video. Normal left 
ventricle ejection fraction, no regional wall motion 
abnormalities.
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Discussion

AFD is a rare, X-linked lysosomal storage disorder caused by 
deficiency in the enzyme α-galactosidase A [5], which leads to 
progressive sphingolipid accumulation that can affect multi-
ple organs and systems, including the heart, kidneys, eyes, 
skin, and brain. The disease has 2 main phenotypes: the clas-
sic form (Type 1; no a-galactosidase A activity), a multisys-
temic disease that presents in childhood or adolescence and 
is more frequent in males; and the late-onset variant (Type 2; 
some residual a-galactosidase A activity), commonly found in 
women or in some men who have specific mutations [6,7]. In 
the later variant, heterozygote patients have a lower amount 
of functional a-Gal A, albeit with some residual activity, which 
causes late manifestation of the disease in the fifth to sev-
enth decades of life, typically affecting a single organ, often 
the heart or kidney [6,7].

Figure 4. �Cardiac magnetic resonance imaging of the index patient. Late gadolinium enhancement study showing mid-wall fibrosis 
in the basal to mid-lateral segments (white arrow). (A) Basal short-axis view. (B) 2-chamber view. (C) 3-chamber view. 
(D) 4-chamber view.
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Video 3. �Cardiac magnetic resonance imaging of the index 
patient. 3-chamber SSFP cine video. Normal left 
ventricular ejection fraction, no regional wall motion 
abnormalities. No systolic anterior motion of the mitral 
valve or left ventricle outflow tract obstruction at rest. 
Concentric symmetric left ventricular hypertrophy.
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Type 2 AFD is 20 times more prevalent than the classic pheno-
type (approximately 1: 1000 vs. 1: 20 000 individuals, respec-
tively) [8]. Recent findings indicate that the late-onset pheno-
type develops progressively and is difficult to diagnose and 
phenotypically indistinguishable from HCM [3,9]. The main 
concern with the late-onset variant is that individuals with it 
are not correctly diagnosed. As a result, ERT is not started and 
familial screening is not performed. In our case, the patient’s 
clinical history and ECG and TTE findings were not enough to 
make the correct diagnosis, basically, it was not possible to 
differentiate HCM from late-onset AFD cardiomyopathy. In 
this scenario, CMR imaging can be especially useful for diag-
nosis, because of its unique ability of tissue characterization.

The current guideline from the American College of Cardiology/
American Heart Association for diagnosis and treatment of 
HCM [10] recommends CMR imaging (Class I, Level B) for 

patients with suspected HCM if echocardiography is incon-
clusive or in those with known HCM if the treatment decision 
(septal myectomy or alcohol septal ablation) may be influ-
enced by additional information. However, the recommenda-
tion is weak (Class IIb, Level C) for the use of CMR imaging in 
patients with LVH and the suspicion of an alternative diagno-
sis (like AFD). The current European Society of Cardiology HCM 
guideline [11] does not even make a recommendation for the 
latter scenario. We strongly believe that CMR imaging should 
have a higher level of recommendation in patients with LVH 
when there is a suspicion of infiltrative cardiomyopathies such 
as AFD or cardiac amyloidosis.

Regarding LGE with CMR, the presence and location of focal 
fibrosis or any infiltration data is useful in the assessment of 
LVH and can suggest a specific etiology. For example, LGE is 
present in 60% to 70% of individuals with HCM, and the most 

Figure 5. �Cardiac magnetic resonance imaging of the index patient. Late gadolinium enhancement study showing mid-wall fibrosis 
in the basal to mid-lateral segments (white arrow). (A, B) Short-axis view of basal segments. (C, D) Short-axis view of 
mid-segments.
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common pattern is patchy and intramyocardial fibrosis in the 
septum or most hypertrophied segments [12]. Conversely, in 
AFD, the most described pattern is intramyocardial fibrosis lo-
cated mainly at the basal to mid-lateral wall in 50% to 80% of 
patients, but this finding is not AFD-specific and can be present 
with other conditions [3,13]. Moreover, in both AFD and HCM,  
LGE reflex inflammation and fibrosis, but it may be absent in 
the early phases and diffuse and more extensive in advanced 
stages, complicating the differential diagnosis.

The best CMR tool for identifying AFD cardiomyopathy is map-
ping. Native T1 mapping values are decreased in AFD, reflect-
ing accumulation of glycosphingolipids in the myocardium. It 
has been shown that a lower T1 value in the context of LVH 
has excellent sensitivity and specificity for identification of pa-
tients with AFD and can completely differentiate this disease 
from other etiologies in which values are normal or elevat-
ed, such as HCM, cardiac amyloidosis, hypertensive heart dis-
ease, and aortic stenosis [14]. Iron overload is the only other 

Figure 6. �Cardiac magnetic resonance imaging of the index patient’s brother. Steady-state free precession cine images at end-diastole. 
Severe concentric asymmetrical left ventricular hypertrophy (maximum anteroseptal wall thickness 16 mm vs. 11 mm in the 
inferolateral wall). (A) 4-chamber view. (B) 2-chamber view. (C) 3-chamber view. (D) Short-axis view.
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condition in which native T1 is reduced, but it does not pro-
duce LVH and can be correctly assessed with T2* mapping. 
With T1 mapping, it is also possible to calculate the extracel-
lular volume (ECV). In AFD, the ECV is normal (sphingolipid ac-
cumulation is intracellular) and in HCM, it is usually normal or 
high-normal (in relation to myocardial fibrosis).

Besides the focal inferolateral fibrosis and low native T1 val-
ues typically described in AFD (and present in our index patient 
and his brother), a recent study described 3 phases of phe-
notype evolution in AFD cardiomyopathy [15]: an early phase 
(accumulation phase), which presents with normal or low na-
tive T1, and without LVH or LGE; an intermediate phase (in-
flammatory and hypertrophic phase) characterized by low na-
tive T1, some degrees of LVH, and focal mid-wall inferolateral 
fibrosis; and an advance phase (extensive fibrosis and LV im-
pairment) with pseudonormalization of native T1 value sec-
ondary to diffuse LGE (fibrosis elevates T1 values), persistent 
LVH (with some areas of myocardial thinning), and systolic 
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impairment. It is important to consider that in the intermedi-
ate phase, the focal fibrosis can lead to what appears to be a 
normal native T1 value in the basal to mid-inferolateral wall, 
but low values elsewhere.

In the present report, we describe 3 family members with 
the same AFD pathogenic mutation (heterozygote, p.F113L 

mutation), but with different cardiac phenotypes on CMR. The 
28-year-old woman is in the accumulation phase (normal T1, 
negative LVH), whereas her 58- and 60-year-old brothers are 
in the hypertrophic and inflammatory phases of the disease 
(low T1, positive LVH, positive LGE), respectively. The differenc-
es between the woman and the men are in accord with pre-
vious studies on late-onset AFD, which reported that clinical 

Figure 7. �Comparison between the index patient and his brother and daughter. The 3 individuals have the same heterozygote GLA 
p.F113L mutation for late-onset Anderson-Fabry disease (AFD). Steady-state free precession cine (left column) and native 
T1 mapping (right column) in mid-short-axis view. (A1, A2) The index patient, a 60-year-old man with late-onset AFD in the 
hypertrophic and inflammatory phase. (B1, B2) The index patient’s 58-year-old brother, who has AFD in the hypertrophic and 
inflammatory phase. (C1, C2) The index patient’s 28-year-old daughter, who has late-onset AFD in the accumulation phase.
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Video 4. �Cardiac magnetic resonance imaging of the index 
patient’s brother. SSFP cine video at short-axis, 
2-chamber, 3-chamber and 4-chamber views. Normal 
biventricular ejection fraction, no regional wall motion 
abnormalities. Concentric asymmetrical left ventricular 
hypertrophy.

Video 5. �Cardiac magnetic resonance imaging of the index 
patient’s daughter. SSFP cine video at short-axis, 
2-chamber, 3-chamber and 4-chamber views. Normal 
biventricular ejection fraction, no regional wall motion 
abnormalities. No left ventricular hypertrophy.

Figure 8. �Cardiac magnetic resonance imaging of the index patient’s daughter. Steady-state free precession cine images at end-
diastole. Normal volumes, no left ventricular hypertrophy (maximum anteroseptal wall thickness 6 mm vs. 6 mm in the 
inferolateral wall). (A) 4-chamber view. (B) 2-chamber view. (C) 3-chamber view. (D) Short-axis view.
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phenotype is critically influenced by gender and age. For ex-
ample, LVH development occurs much later in women (com-
plete penetrance by 60 to 69 years in them compared with 
40 to 49 years in men), and when present, it is more severe in 
men [15,18]. Besides that, the reduction in native T1 with age 
is steeper in men than in women, which suggests that stor-
age is faster in men. These sex-based differences in disease 
course are mainly caused by 2 factors: first, the women have 
a second functional copy of the alpha galactosidase gene; and 
second, there is a sex dimorphism related to the male myo-
cyte response to the insult, probably related to different ex-
pression of androgen and estrogen receptors and differences 
in the renin-angiotensin system, nitric oxide activity, and nor-
epinephrine release [16].

Although in our report, both brothers are in the same phase 
of the disease and have an identical AFD pathogenic muta-
tion, they have different cardiac phenotypes. The index patient 
has severe symmetrical LVH and positive LGE and his brother 
has asymmetrical septal LVH without LGE (Figure 7, Table 1). 
Regarding these differences, a report on a previous cohort [13] 

described different LVH patterns in patients with the classical 
form of the disease, with a 44% prevalence of concentric sym-
metrical LVH and 8% prevalence of asymmetric septal LVH. The 
latter form was associated with a thicker wall and higher left 
ventricle mass index (LVMI), whereas in our study, the asym-
metric septal LVH pattern was seen in the individual with a 
thinner wall and lower LVMI (Table 1). The LGE prevalence in 
late-onset AFD reportedly is between 40% and 70% [13,17,18], 
and higher in patients who are older and have higher LVH. That 
is in keeping with the findings from the present study, because 
positive LGE was found only in the patient with severe LVH. 
The different cardiac features between brothers evidence that 
late-onset AFD phenotype is influenced not only by the un-
derlying pathogenic mutation, sex or age, but also by individ-
ual polygenic heritage and environmental risk factors, which 
produces a complex pathophysiologic cascade pathway that 
finally determines the disease expression [19].

Recently, Azevedo et al. [17,18] described the clinical profile 
and natural history of late-onset AFD caused by the p.F113L 
mutation. They studied 203 consecutive patients with AFD who 

Index patient Brother Daughter

Clinical 
features

Sex Male Male Female

Age (years old) 60 58 28

New York Heart Association Class (NYHA) I I I

Arrhythmias Low-density 
ventricular and 
supraventricular 
premature beats

Paroxysmal atrial 
fibrillation

None

-a-Gal A protein concentration*
-lyso-GB3 levels

<2.8 ng/ml
Increased

<2.8 ng/ml
Increased

Not performed
Not performed

Cardiac 
features by 
CMR

Left atrium area (cm2) 15 15 12

Indexed cardiac mass (g/m2) 157 90 56

Max. wall thickness Anteroseptal 18 mm 
vs. lateral 16 mm

Anteroseptal 16 mm 
vs. inferolateral 
11 mm

Anteroseptal 6 mm 
vs. inferolateral 
6 mm

Indexed LV end diastolic volume (ml/m2) 93 89 81

LVEF (%) 66 60 56

LGE Positive. Mid wall 
fibrosis at basal to 
mid lateral segments

Negative Negative

Native T1 mapping (ms) 830 818 1017

Table 1. �The main clinical and cardiac features by cardiac magnetic resonance imaging in 3 family members with late-onset Anderson-
Fabry disease and the same p.F113L pathogenic mutation.

CMR – cardiac magnetic resonance imaging; ERT – enzyme replacement therapy; LGE – late gadolinium enhancement; LV – left 
ventricle; LVEF – left ventricular ejection fraction. * Less than 2.8 ng/mL is the lowest quantification limit detected. The normal 
reference value is >15.3 ng/mL.
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had that specific mutation and demonstrated that cardiac man-
ifestations have the highest prognostic impact. The first cardi-
ac manifestations are LVH and LGE, which begin in men older 
than age 30 years and are followed by heart failure (HF), non-
sustained ventricular tachycardia (VT), and cardiac conduction 
disorders such as bifascicular block and complete atrioventric-
ular (AV) block in patients who are older than age 50 years [18]. 
In women, cardiac manifestations start 2 decades later and 
also increase with age. LVH mass on MRI is a predictor of LGE 
(P<0.001), but interestingly, LGE can be present even in patients 
who do not have LVH (LGE prevalence of 52% in patients with 
LVH vs. 5% in patients without LVH). In the present report, the 
severe LVH and positive LGE in the index patient imply a high-
er risk of HF, ventricular arrhythmia, and sustained VT [13,18], 
compared with his brother. In fact, our index patient already 
had some ventricular premature beats, without VT episodes 
documented, but he did not receive a loop recorder, so the real 
presence of VT or another arrythmias may be underestimated.

Treatment options for AFD include ERT, which has been the 
mainstay therapy, and oral chaperone therapy [21], which is 
available for amenable mutations. When to start therapy for 
late-onset AFD in men and women is unclear. In general, ERT 
is indicated when there is laboratory, histological or imaging 
evidence of injury to the heart or when symptoms of cardiac 
disease are present [22], but some studies suggest that ERT 
should be considered in the preclinical phase before cardiac 
manifestations occur [9]. There is evidence that it is best to 
administer ERT before development of myocardial fibrosis to 
maintain long-term myocardial morphology and function [23]. 
It is important to consider adjunctive therapy with ACEI, angio-
tensin receptor blockers, and beta blockers and to avoid ami-
odarone. Even though our index patient was diagnosed when 
he had severe LVH, focal inferolateral fibrosis, and LV function 
impairment (abnormal myocardial strain with GLS –15%), and 
the clinical benefits of ERT probably are limited in this scenario, 

we decided to prescribe it because it is safe and there is no 
strong evidence contraindicating its use in this context. ERT 
also was prescribed to the index patient´s brother. In his case, 
the benefit was greater because he did not have myocardial 
fibrosis, and in that scenario, the treatment can reduce LVH 
and improve myocardial function and exercise capacity [23]. 
Given the natural history of the mutation in the index patient’s 
daughter, meaning that cardiac manifestations usually arise in 
women who are older than age 40 to 50 years, we decided on 
expectant management with close follow-up in our Inherited 
Cardiomyopathies Clinic and periodic cardiac imaging. The 
goal for her is to identify early cardiac manifestations of the 
disease. More clinical trials are needed of results with ERT for 
late-onset AFD cardiomyopathy. Timing of initiation of thera-
py should be individualized to each patient to avoid target or-
gan damage and improve clinical results.

Conclusions

The fact that late-onset AFD can present with different LVH 
and fibrosis patterns, even in a family with the same patho-
genic mutation, underscores the importance of including the 
disease in the differential diagnosis of HCM. CMR with LGE 
and mapping sequences is fundamental to distinguish between 
those entities. CMR also can precisely define the pathological 
phase of AFD, which provides prognostic information and can 
be used to guide specific therapy. The correct diagnosis may 
have a substantial impact on management of patients, and 
more so on management of their families.
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