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ABSTRACT
Anderson-Fabry Disease (AFD) is a storage disease that mimics hypertrophic cardiomyopathy. Late gadolinium enhancement (LGE) by cardiovascular magnetic resonance occurs in
approximately 50% of patients in the basal inferolateral LV wall, but how an intracellular storage
disease causes focal LGE is unknown. We present a whole-heart histological validation that
LGE is caused by focal myocardial collagen scarring. This scarring may be the substrate for
electrical re-entry and sudden arrhythmic death. The reasons for this distribution of fibrosis are
unclear, but may reflect inhomogeneous left ventricular wall stress.

INTRODUCTION
Anderson-Fabry disease (AFD) is an X-linked lysosomal
storage disorder caused by mutations in the gene encoding for
α-galactosidase A. Reduced enzyme activity results in the intracellular accumulation of sphingolipid affecting many organs. In
the heart, sphingolipid deposition causes myocardial hypertrophy, valvular dysfunction and cardiac arrhythmia. Up to 3% of
males with otherwise unexplained LVH and 6% with late onset
HCM have AFD (1, 2). Disease expression is also found in female heterozygotes (3). These abnormalities may be associated
with sudden death and heart failure (4, 5).
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Patients with familial cardiomyopathy have regions of myocardial late gadolinium enhancement (LGE) by cardiovascular magnetic resonance (CMR) (6–8). In HCM, LGE has been
shown to represent myocardial fibrosis (9), and the extent is
linked to markers of adverse clinical outcome (10). In AFD,
LGE is found in up to 50% of patients, (11), but in a unique pattern affecting the basal inferolateral wall. It has been proposed
that LGE in AFD may also represent focal myocardial fibrosis
(11), which could be the substrate for heart failure and sudden
death. However, as AFD is characterized by intracellular lipid
accumulation, this hypothesis has not been verified. No histological correlations have been performed, and the predilection
for the basal infero-lateral wall is unexplained (12).
We present the autopsy results from a male AFD patient, who
was included in the original CMR report of LGE in the basal
inferolateral wall (11), who subsequently sustained a sudden
cardiac death.

METHODS
In September 2002, a 57-year-old man with the classic features of AFD underwent CMR as part of a research study (11).
He had been diagnosed with AFD on the basis of clinical presentation and a plasma α-galactosidase A (α-Gal) activity of
<1.0 nmol/hr/mL (normal range 4.0–21.9 nmol/hr/mL). He
had received enzyme replacement therapy over 3 years. CMR
showed massive symmetrical LVH with an LV mass index of
243 g/m2 (normal <113 g/m2 ). The maximum LV wall thickness
479

the slides were digitally scanned and reorganized to recreate the
short axis slices for direct comparison with the CMR images.

Data analysis
Analysis was performed as previously described (11), with
the histology and CMR blinded and independent. Each of the
16 Sirius red stained blocks were divided into subendocardial,
mesocardial and subepicardial layers. The area of Sirius red
staining in each segment was quantified using manual planimetry with area quantification and expressed as a percentage of
total myocardium in that segment. LGE was analyzed by visual
assessment by 2 observers using a 3 point scale (LGE absent,
intermediate or present) in a total of 48 segments. The results
of the 2 observers were combined and LGE was described as
present, absent or intermediate. A non-parametric version of the
ANOVA test (Kruskal-Wallis) was used to compare the percentage of collagen between the 3 groups, and Wilcoxon rank test
was used to compare between 2 groups.

RESULTS
Figure 1. Comparison of (A) in vivo diastolic cine CMR, (B) in vivo
LGE CMR, (C) unstained gross specimen and (D) histologic sections stained with sirius red. All images are to the same scale. The
heart has contracted down with fixation. There is basal inferolateral
wall thinning associated with LGE, which is shown to represent a
region of dense collagen (arrows).

was 27 mm. There was a focal region of thinning and akinesis
of the basal infero-lateral of the LV (Fig. 1). Myocardial LGE
was present at this location amounting to 35 g, 7% of total LV
mass. After 22 months, during which he was stable clinically,
he sustained a witnessed sudden cardiac death. An autopsy was
performed and permission given by the relatives to perform a
comprehensive examination of cardiac pathology.

CMR
CMR was performed as previously described (10, 11).
Briefly, imaging was performed on a 1.5T scanner (Siemens
Sonata, Erlangen, Germany). Steady state free precession
(SSFP) cines were acquired in the 2 chamber, 4 chamber and
multiple contiguous short axis planes (7 mm slice thickness,
3 mm gap). A peripheral bolus injection of gadolinium-DTPA
(0.1 mmol/kg) was then given and LGE acquired, starting at
5 minutes, using a segmented inversion-recovery sequence in
the same short axis plane (13).

Specimen preparation
Specimen preparation was as previously described (11).
Briefly, routine fixation was performed with 10% formol saline
and myocardial slices equivalent to the first and third basal invivo CMR slices cut. After photography, each slice was divided
into 8 contiguous LV tissue blocks and stained with Sirius red
(picro-sirius red) which stains collagen red and myocytes yellow
(14, 15). The amount of collagen in each slice was quantified,
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In Fig. 1, the most basal section by cine and LGE CMR are
shown adjacent to the ex-vivo macroscopic section and reconstructed stained histological samples. There is clear concordance
between the region of thinning and the location of LGE and
collagen. There was extensive myocyte vacuolation throughout
the myocardium. There was no evidence of epicardial coronary
artery atherosclerosis, either in the segment of wall thinning or
elsewhere. There was no evidence of extracellular lipid deposition. Overall, 18% of the examined heart (2 basal slices) was
collagen, the extent varying from 0% (no detectable collagen at
low power) to 100% (no detectable myocytes at low power) per
segment. Segments with LGE were 62% collagen, segments with
no LGE, 4% (p < 0.0004), and intermediate segments had 42%
collagen (Fig. 2). Although some segments were completely replaced by collagen, the pattern of collagen was ill defined and
more loose than that found in myocardial infarction (Fig. 3).

DISCUSSION
This case demonstrates that myocardial LGE in AFD is
caused by myocardial collagen deposition. This is an important
histological confirmation of the cause of LGE in AFD because
of the rarity of such patients coming to autopsy who have had
CMR. The results concur with a previous histological study in
HCM, where LGE CMR was shown to occur in areas of fibrosis
(9). Of significant interest is the possible relation between the
finding of myocardial LGE and sudden death, as occurred in this
patient. A link between the extent of LGE and risk factors for
sudden death has been demonstrated in HCM, and it has been
hypothesized that this results from macro re-entrant electrical
circuits caused by the fibrosis (10). It has also been hypothesized that a link might be present between arrhythmia and the
mid-wall longitudinal fiber fibrosis of dilated cardiomyopathy
(7). Such hypotheses require prospective testing. In the context
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Figure 2. The relationship between the segmental scoring of LGE
and the percentage of collagen in the 48 scored segments.

of AFD, however, we have found LGE in 50% of patients, with
what would normally be classified as early and advanced cardiac AFD in females (heterozygotes). Despite the limited data,
the clinical course of this individual and a previous study of 4
patients with AFD who died of heart failure with aneurysms in
the inferolateral wall (5) leads us to believe that the presence of
LGE may be an adverse finding in AFD patients.

Non-ischemic LGE may be more difficult to assess and
quantify than ischemic LGE, as can be seen by the number
of ‘intermediate’ LGE segments scored in this paper. This reflects several processes. First, in myocardial infarction caused by
epicardial coronary artery disease, the biology of the ischemic
wavefront spreading from endo- to epicardium makes myocyte
death within a voxel an essentially ‘all or none’ phenomenon,
unless there is partial voluming. This makes interstitial volume
differences large and dichotomous, unlike non-ischemic disease
where interstitial expansion may be a more continuous variable. Secondly, when scoring LGE in myocardial infarction, the
territorial and sub-endocardial involvement is helpful, whereas
LGE in non-ischaemic disease may not demonstrate such specific distributions, although some are described (eg, LGE at the
RV insertion points in sarcomeric HCM). For this reason, our
practice is to take all views at least twice, usually with a phase
swap. Finally, there may be variable ‘background’ interstitial
expansion, particular with differential hypertrophy, which may
make nulling variable across the myocardium, seen for example
in long axis views of apical HCM. Other techniques such as T1
mapping may be helpful.
This study gives few clues as to why fibrosis has a peculiar
predilection for the inferolateral wall. There was no evidence
of increased lipid accumulation in the area, and the feeding arteries and arterioles were normal. There is rather little parallel
from other cardiological conditions from which to draw assistance. It has recently been shown using CMR that myocarditis
has a predilection for the lateral and inferolateral regions, with
abnormality focused in the epicardium and mid-wall (16). It is
possible that cardiac involvement in AFD might predispose the
heart to sub-clinical myocarditis, leading to injury. Another possibility for the location of the fibrosis might be that the cardiac
involvement could impair resistance to physical stress within
the myocardium, which might be most prominent in this region
where significant shear forces combine with a watershed vascular territory. Possible supporting evidence for this is the lateral
wall involvement which occurs in Chagas cardiomyopathy (17),
the autonomic denervation in left ventricular involvement in arrhythmogenic right ventricular cardiomyopathy (18), and the
common location of granulomas and aneurysms in the lateral
wall in sarcoidosis (19). Although the link between intracellular lipid accumulation and focal interstitial collagen scarring
is unknown, the fact that myocardial fibrosis occurs in AFD,
suggests that there might be a rationale for early enzyme replacement therapy in order to prevent myocardial fibrosis. Such
a hypothesis requires prospective testing.
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