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Brain MR Imaging Findings of Cardiac-Type Fabry Disease with
an IVS4+919G> A Mutation
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ABSTRACT

BACKGROUND AND PURPOSE: A high incidence of cardiac-type Fabry disease with an a-galactosidase A mutation, IVS4 + 919 G>A,
has been identified in the Taiwanese population. The neurologic manifestation has not been understood in this specific cardiac
variant. This study aimed to investigate the typical imaging features of classic Fabry disease in patients with 1VS4 Fabry disease.

MATERIALS AND METHODS: Twenty-six patients with IVS4-type Fabry disease (20 men and 6 women; age range, 43—71years; median age,
61 years) and 26 age- and sex-matched healthy controls (age range, 44—68 years; median age, 60 years) were analyzed for white matter
hyperintensities, the pulvinar sign, and basilar artery diameter. The volumes of white matter hyperintensities were calculated by compar-
ison with an in-house data base of 276 controls.

RESULTS: Infarctions were found in 9 patients with IVS4 Fabry disease (35%) and in none of the healthy controls (P = .001). A pulvinar sign
was found in 8 patients with IVS4 Fabry disease (30%) and in none of the healthy controls (P = .002). No significant difference was found
in Fazekas scale scores for white matter hyperintensities; however, white matter hyperintensity volume in the deep white matter was
higher in patients with IVS4 Fabry disease than in those from the healthy control data base (P = .004).

CONCLUSIONS: Along with its involvement of the cardiac system, IVS4-type Fabry disease has features similar to those of classic Fabry disease
and a higher frequency of deep white matter hyperintensities and a higher incidence of infarctions and pulvinar signs than in healthy controls.

ABBREVIATIONS: BA = basilar artery; GLA = a-galactosidase A; WMH = white matter hyperintensity

lassic Fabry disease is a multisystem X-linked lysosomal dis-
order due to lysosomal a-galactosidase A (GLA) deficiency,
which subsequently leads to accumulation of glycosphingolipids,
primarily globotriaosylceramide, throughout the body.' The dis-
ease results in severe renal, cardiac, and central nervous system
complications in adulthood. On brain MR imaging, classic Fabry
disease is characterized by white matter hyperintensities, infarcts,

and dolichoectasia.”
In the general population, the incidence of Fabry disease has
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been reported as 1 in 40,000—117,000 live births. However, our
previous studies by using neonate screening had identified a high
incidence (approximately 1 in 1600 males) of a cardiac variant
resulting from a GLA mutation, IVS4 + 919G>A (IVS4-type).>*
Another study revealed that 12 of 10,499 males (1/875) and 24 of
the 9564 females (1/399) had the IVS4 + 919G>A mutation in
neonate screening.” The natural course of the IVS4-type Fabry
disease is still largely unknown. The intronic mutation (IVS4 +
919G>A) was reported to be a “cardiac-type” Fabry mutation,’
which may present with asymptomatic, mild symptomatic as mi-
croalbuminuria and retinal vessel tortuosity, to severe cardiac
symptoms causing significant morbidity after the fifth decade of
life. However, the neurologic symptoms in the specific subtype
have never been understood. Therefore, the current study aimed
to analyze the degrees of CNS involvement in IVS4-type Fabry
disease by retrospectively comparing brain imaging results of this
patient population with images from a healthy control data base.

MATERIALS AND METHODS

Population

This study was approved by the institutional review board at our
institution. In total, 920 patients (498 men and 422 women) were
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FIG1. A 54-year-old man with [VS4-type Fabry disease had hypertro-
phic cardiomyopathy, headache, and stroke. Brain MR (A) axial T2
FLAIR image reveals old lacunar infarcts at the bilateral internal cap-
sules (arrow) and increased deep white matter hyperintensities (ar-
rowheads). B, The diameter at the middle segment of the basilar
artery (lines) was measured as 3.2 mm on a 3D time-of-flight MR
angiogram.

diagnosed with Fabry disease with IVS4 + 919G>A mutation.
Twenty-six patients (20 men and 6 women; age range, 43—71
years; median age, 61 years) who had brain MR imaging exami-
nations from 2010 to 2014 were enrolled in the study. The MR
images were retrospectively reviewed by 2 certified neuroradiolo-
gists (S.-C.H. and H.-].L.) by consensus and were compared with
those of 26 sex- and age-matched healthy controls (20 men and 6
women; age range, 44 — 68 years; median age, 60 years). The age of
healthy controls was matched to the patient age *+ 2 years. The
MR imaging findings in the sexes between IVS4-type of Fabry
disease and age-matched healthy controls were also compared to
understand the sex-based differences. For the healthy control
groups, we excluded individuals with abnormal renal function
and abnormal electrocardiogram findings to lower the possibility
of undiagnosed Fabry disease, and we excluded patients with bi-
lateral fetal origin of the posterior cerebral artery to avoid the
normal variation of a small-sized basilar artery (BA).

The volumes of white matter hyperintensities of patients with
Fabry disease were also quantitatively calculated and compared
with another in-house data base of 276 healthy controls.

Clinical Assessment

With the exception of 1 patient who was lost to follow-up, a ques-
tionnaire of neurologic and neuropsychiatric symptoms was ad-
ministered to the 25 patients. The questionnaire evaluated symp-
toms of stroke, sudden onset of numbness or weakness in the
extremities, asymmetric facial expression, dysarthria, sudden on-
set of blurred vision or diplopia, depression, personality changes,
forgetfulness, tinnitus, and vertigo.

Qualitative and Semi-Quantitative Evaluation
The presence and location of an infarction was categorized into
the following groups: none, anterior circulation alone, posterior
circulation alone, and both anterior and posterior circulations
(Fig 1A). High signal changes on T1-weighted images at the bilat-
eral lateral pulvinar were considered pulvinar signs (Fig 2).”
Deep white matter hyperintensities (WMHs) on T2-weighted
images were semi-quantitatively graded by using the Fazekas
scale,’ in which WMHs are classified by the following scoring

FIG 2. A 63-year-old man with cardiac-type Fabry disease and an
IVS4 + 919G>A mutation. A brain MR axial TI-weighted image reveals
high signal changes at the bilateral posterior thalamus (arrows), the
“pulvinar sign.”

system: 0, absent; 1, punctate foci; 2, beginning confluence; and 3,
large, confluent.

The degree of elongation and tortuosity of the BA was semi-
quantitatively evaluated by using the criteria of Smoker et al® ac-
cording to the height of the bifurcation of the BA and its most
lateral position. The scale used to categorize the height of the
bifurcation of the BA was as follows: 0, at or below the dorsum
sellae; 1, within the suprasellar cistern; 2, at the level of the floor of
the third ventricle; and 3, indenting and elevating the floor of the
third ventricle. Finally, throughout its course, the most lateral
position of the BA was graded as 0 for midline, 1 for the medial-
to-lateral margins of the clivus or dorsum sellae, 2 for the lateral-
to-lateral margins of the clivus or dorsum sellae, and 3 for a posi-
tion in the cerebellopontine angle cistern.

Quantitative Evaluation

The diameter of the BA was measured on a workstation (AZE
Virtual Place Plus; AZE, Tokyo, Japan). An observer blinded to
the clinical information of each case drew a line perpendicular to
the middle portion of the BA on a sagittal view of the maximum-
intensity-projections of a 3D time-of-flight MR angiogram (Fig
1B). The observer then recorded the full width at half maximum
as the diameter. Vascular stenosis was identified when the BA was
determined to be <2 mm in diameter.

WMHs were quantitatively calculated by using methods
previously described in the literature.'® To optimize the accuracy
of the WMH registration procedure in a voxelwise analysis
scheme, we combined the Diffeomorphic Anatomical Registration
Through Exponentiated Lie Algebra—based T1 voxel-based mor-
phometry approach'' by using the Gaser voxel-based morphom-
etry 8 toolbox (http://www.neuro.uni-jena.de/vbm/download/)
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Table 1: The brain MR imaging findings of patients with IVS4-type Fabry disease and healthy

controls

isons of BA diameters between groups
were evaluated by using a nonparamet-

IVS,4 Fabry ric Kruskal-Wallis test.
Disease Healthy Control P Value® . o

N % For the analysis of quantitative

o. . . .
Mean age (SD) (years) 59.3(7.2) 58.4 (6.48) 680 WMHS’ V‘thh was associated with t.otal
Sex (M/F) 206 206 1.000 intracranial volume, we normalized
Infarction 9 (35%) 0(0%) .001 each WMH volume by this variable to
Area of infarction (anterior circulation/ 3/2/4 0/0/0 012 rule out an effect of brain size in our

posterior circulation/both) statistical models. Three ANCOVAs
Hemorrhage/microbleeds 0(0%) 0(0%) 1.000 (periventricular white matter hyperin-
White matter scores® 15/8/2/1 19/6/1/0 .554 . . :
Pulvinar sign 8 (30%) 0(0%) 002 tensity, deep white matter hyperinten-
Chiari | malformation 0(0%) 0(0%) 1.000 sity, and total WMH volume) were ap-
Vascular stenosis® 2(8%) 2(8%) 1.000 plied to show group differences in
Mean diameter:f BA (SD) (mm) 2.75(0.62) 2.47 (0.66) 245 normalized WMH volumes, and we
hat.erhaht); g]/c\B[f'\f . 12/13/1160 2/118/;/] 4215332 controlled for age as a nuisance vari-

€8 Tco ifurcation /10/ /1 . able; the significance level was cor-
bz;l;[]eaijfué;?ji/z rected for multiple comparison issue

€ Presence of focal stenosis of all intracranial arteries.

with the lesion-segmentation toolbox,'* which was implemented
in Statistical Parametric Mapping (SPM8; http://www.fil.ion.
ucl.ac.uk/spm/software/spm8). First, all T1- and T2-weighted
images were imported into the lesion-segmentation toolbox with
default settings to generate WMH probability maps and binary
maps in individual space. Second, all T1-weighted MR images
were corrected for bias-field inhomogeneities and were affine-
registered to tissue probability maps in the Montreal Neurological
Institute standard space (http://www.mni.mcgill.ca/) after tissue
segmentation with the same generative model."? These affined
tissue segments were iteratively registered to the group-based
template, which was generated from all images included in the
current study through nonlinear deformation by using the Dif-
feomorphic Anatomical Registration Through Exponentiated Lie
Algebra. Third, all resulting WMH maps (probability and binary)
in the individual space were then normalized and modulated by
applying nonlinear deformations to compare actual WMH volu-
metric measurements in the Montreal Neurological Institute
standard space.

We divided the whole brain into 2 traditional subtypes accord-
ing to their location: periventricular WMHs, defined as a 13-mm
lining from the ventricle surface, or deep WMHs, which com-
prised the remaining white matter. This brain atlas with the 2
subtypes was subsequently applied to WMH volume maps to au-
tomatically localize the WMH loci in the Montreal Neurological
Institute standard space. Global and regional WMH volumes in
various regions were subsequently extracted and calculated. To
further control the effect of differences in brain size on global and
regional WMH volumes, we used total intracranial volume for
each participant to normalize WMH volume information into a

whole-brain ratio.'’

Statistical Analysis

Statistical analysis was performed by using the Statistical Package
for Social Sciences software package (SPSS 18 for Windows; IBM,
Armonk, New York). Semi-quantitative evaluations and BA di-
ameters of patients with late-onset Fabry disease were compared
with those of 26 healthy controls. Differences in brain MR imag-
ing findings were analyzed by x* and Fisher exact tests. Compar-
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by using the Bonferroni correction
(P = .016). The other threshold for
statistical significance was at the P < .05 level.

RESULTS

Fabry Disease versus Healthy Controls

Twenty-six patients with Fabry disease and IVS4 + 919G>A mu-
tations, and 26 sex- and age-matched healthy controls underwent
MR imaging (Table 1).

The neurologic symptoms in the group with IVS4-type Fabry
disease were forgetfulness (n = 6, 24%), tinnitus (n = 4, 16%),
vertigo (n = 3, 12%), sudden onset of numbness or weakness
(n =3, 12%), depression (n = 2, 8%), asymmetric facial ex-
pression (n = 1, 4%), blurred vision or diplopia (n = 1, 4%), and
personality changes (n = 1, 4%). Fourteen patients had symp-
toms, while the other 12 patients were free of neurologic symp-
toms. No significant correlation was found between neurologic
manifestations and MR imaging findings.

Infarctions were found in 9 patients with IVS4-type Fabry dis-
ease (35%), including 6 men and 3 women, and no infarctions
were identified in healthy controls (P = .001). All were lacunar
infarctions involving the anterior and/or posterior circulation
variably. A 54-year-old man had symptomatic lacunar infarc-
tions, and the other 8 patients were asymptomatic.

Positive pulvinar signs were found in 8 patients with Fabry
disease (30%) and in no individual in the healthy control
group (0%) (P = .002). In terms of WMHs, no significant
difference was found in the Fazekas scores in all groups; how-
ever, quantitative deep WMH volume was significantly higher
in patients with IVS4-type Fabry disease (1.1583 cm?) than in
individuals in the healthy control data base (0.1354 cm?) (P =
.004) (Fig 3).

Mean BA diameter was 2.75 * 0.62 mm in the IVS4-type
Fabry disease and 2.47 = 0.66 mm in the healthy control group
(P = .245). A 63-year-old male patient with Fabry disease was
excluded from further analysis due to dissection of the BA.
There was no significant difference in the height of the BA
bifurcation (P = .436) and the laterality of the BA (P = .283)
between those with IVS4-type Fabry disease and healthy
controls.
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Infarction versus Noninfarction Groups

Comparisons of brain MR imaging findings in patients with the
IVS4-type Fabry disease revealed that patients with infarctions
were older (age range, 5471 years; median age, 65 years) than
patients without infarctions (age range, 43—64 years; median age,
58 years) (P =.009) (Table 2). In the infarction group, the Fazekas
scale scores for deep white matter hyperintensities were also
higher than those of noninfarction group (P = .023). Moreover, 2
and no patients had vascular stenosis in the infarction and non-
infarction groups, respectively (P = .041). There was no signifi-
cant difference in the mean BA diameter between the infarction
and noninfarction groups (P = .301).

Group
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FIG 3. Bar graph of the averaged volume of regional white matter
hyperintensities at the periventricular white matter (PVYWMH), deep
white matter (DWMH), and total white matter in both patients with
IVS4-type Fabry disease and healthy controls.

Table 2: Comparison of brain MR imaging findings in patients with IVS4-type Fabry disease,

with and without brain infarctions

Sex-Based Differences between Patients with 1VS4 Fabry
Disease versus Healthy Controls

There was no difference in brain MR imaging findings between
female patients having Fabry disease and healthy controls (Table
3). However, in male patients with Fabry disease (Table 4), we
observed a higher incidence of infarctions (P = .010) and pulvinar
signs (P = .004) and larger BA diameters (2.91 = 0.60 mm, P =
.041) compared with healthy controls. A receiver operating char-
acteristic curve analysis of the BA diameter in male patients re-
vealed that a threshold of 2.95 mm could achieve a sensitivity of
53% and a specificity of 85% in differentiating IVS4-type Fabry
disease and healthy controls (area under the curve = 0.69; 95%
confidence interval, 0.52—0.86).

DISCUSSION

In classic Fabry disease, stroke is a common and important man-
ifestation.>'® It could be a consequence of cardiogenic embolism
from cardiomyopathy, valvular heart disease, ischemic heart dis-
ease, and/or arrhythmias. Besides, due to the deposition of neutral
glycosphingolipids in vascular endothelial cells, the potential
cerebrovascular damage or alterations in brain perfusion should
be considered.'” The prevalence of stroke in patients with IVS4-
type Fabry disease was similar to that reported by a previous ret-
rospective study of classic Fabry disease.'> However, the median
age of our patients having IVS4-type Fabry disease with infarc-
tions was older than the prior reported median age, which ranged
from 28 to 54 years.'® Furthermore, none of the young patients
with IVS4-type Fabry disease (younger than 54 years of age) in our
cohort had experienced stroke or asymptomatic infarctions, even
though Fabry disease poses a higher relative risk of stroke across all
age groups.'* In our cohort, the mean age of patients with infarc-
tions was older than that in patients without infarctions. This
study demonstrated that Fabry disease with IVS4 + 919G>A mu-
tations, though previously categorized as a cardiac variant, also
increased the risk of stroke in a late-onset fashion.

Multiple or confluent WMHs on T2-weighted images are one
of the characteristic neuroradiologic signs of classic Fabry disease.
The injury is caused by globotriaosylceramide (GL-3)-related en-
dothelial damage and subsequent microvascular degeneration.'’
Although we observed no significant difference in WMH severity
between the 2 groups by using the semi-quantitative Fazekas
score, the quantitative deep WMH vol-
umes of IVS4-type Fabry disease were

significantly higher than those in healthy

Infarction Noninfarction P Value® : . . .
o 5 - controls; this finding was consistent with
Mean age (5D} (years) 64.0(5.) 56.8(7.0) 009 the higher sensitivity of the automated
Sex (M/F) 63 143 332 segmentation method for WMHs.*
Area of infarction (anterior circulation/ 3/2/4 0/0/0 .012 Vertebrobasilar  dolichoectasia is
posterior circulation/both) thought to be an early and frequent sign

Hemorrhage/microbleeds 0(0%) 0(0%) 1.000 of classic Fabry disease.?! For example
White matter scores® 2/4/2/1 13/4/0/0 023 . ryzz g e
S — 3(33%) 5(29%) 837 Fellgiebel et al***” demonstrated that
Chiari | malformation 0(0%) 0(0%) 1.000 the BA diameter was superior to white
Vascular stenosis® 2(22%) 0(0%) .041 matter lesions as a diagnostic tool of
Mean diameter of BA (SD) (mm) 2.57 (0.64) 2.86 (0.61) 301 Fabry disease and that this sign could be
Laterality of BA” 4/5/0/0 8/8/1/0 732 used for screening in young patients
Height of BA bifurcation® 3/5/1 3/5/9 4 ng i young p
P who have experienced stroke. More spe-

2P, unadjusted. . . .

b SCZ[:OJ:; ; /25 cifically, their group used a diameter of

¢ Presence of focal stenosis of all intracranial arteries.

2.98 mm as a cutoff value with a sensi-
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Table 3: Brain MR imaging findings of female patients with IVS4-type Fabry disease and

This study had some limitations.

healthy controls First, IVS4-type Fabry disease has been
Late-Qnset previously considered a cardiac variant,
Fabry Disease Healthy Control P Value® . .

N . p which the pathologic changes of the
o. . . o
Mean age (SD) (years) 57.8(6.5) 58.0(6.2) 937 brain was not well recognized. This lim-
Infarction 3(50%) 0(0%) 091 itation explains the small number of
Area of infarction (anterior circulation/ 2/1/0 0/0/0 135 brain MRIs in this retrospective study,

posterior circglation/ both) though the incidence of this type of
Hemorrhage/ mlcrob'ieeds 0(0%) 0(0%) 1000 Fabry disease is common in our popula-
White matter scores 2/3/1/0 5/1/0/0 193 . An ai £ thi g |
Pulvinar sign 107%) 0(0%) 500 tion. An aim of t is study was also t.o
Chiari | malformation 0(0%) 0(0%) 1.000 demonstrate that involvement of this
Vascular stenosis® 1(17%) 0(0%) .500 type is not limited to the heart alone.
Mean diameter Sf BA (SD) (mm) 2.25(0.41) 2.62(0.42) 180 Second, Fabry disease involves multiple
Lat'erallty of BA b V5/0/0 V/4/0/1 o74 organs, and our patients often had hy-
Height of BA bifurcation 2/2/2 2/1/3 766 . . .
- o pertension and cardiac and renal dis-
b’;’c:r:ojfug ; /é /3, ease. We did not evaluate the effects of

¢ Presence of focal stenosis of all intracranial arteries.

Table 4: Brain MR imaging findings of male patients with IVS4 +919G> A and healthy controls

these comorbidities on intracranial con-
ditions due to the small number of cases

reviewed. Third, despite healthy con-

Late-Onset . .
Fabry Disease Healthy Control P Value® trols not having cardiac and renal ab-
No 20 20 normalities, our retrospective study
Mean age (SD) (years) 59.7 (7.5) 58.5(6.7) 547 could not exclude the possibility of
Infarction 6(30%) 0(0%) .010 asymptomatic or undiagnosed Fabry
Area of infarction (anterior circulation/ 1/1/4 0/0/0 .070 disease in the healthy control group.
posterior circulation/both) Fourth, the sample size of patients with
Hemorrhage/microbleeds 0(0%) 0(0%) 1.000 IVS4 mutation is small and mav not al-
White matter scores® 13/5/1/1 14/5/1/0 792 ) . Y
Pulvinar sign 7 (35%) 0(0%) 004 low detection of the milder and later-on-
Chiari | malformation 0(0%) 0(0%) 1.000 set pathologic changes in female patients
Vascular stenosis® 1(5%) 2 (10%) 513 as opposed to male patients. A larger
Mean diameter of BA (SD) (mm) 2.91(0.60) 243(072) 041 sample size and long-term follow-up are
Laterality of BA® 1/8/1/0 5/14/1/0 143 ial f . .
: . " crucial for understanding late mani-
Height of BA bifurcation 4/8/8 7/10/3 191 . L
festations of clinical symptoms and
2 P, unadjusted. . . ST
b Scale of 0/1/2/3. imaging findings. Last, the age and

¢ Presence of focal stenosis of all intracranial arteries.

tivity of 84% and a specificity of 88.5%. Furthermore, Ugeyler et
al** proposed that a BA diameter of >3.2 mm could distinguish a
male patient with Fabry disease and healthy controls with a sen-
sitivity of 87% and specificity of 86%. In our cohort, male patients
with IVS4 Fabry disease had significantly larger BA diameters
than healthy controls, while female patients did not. A cutoff of
3.2 mm for late-onset Fabry disease had a low sensitivity, while a
cutoff of 2.95 mm had fair sensitivity and specificity. This differ-
ence is probably because this was a group with late-onset disease.
Thus, long-term follow-up of these patients is needed for a more
thorough understanding of the progression and severity of IVS4-
type Fabry disease. The concept offered an explanation for no
significant difference in MR imaging findings of the female group
between healthy controls and those with late-onset X-linked
disease.

The characteristic “pulvinar sign,” which comprises hyperin-
tensities of the posterior thalamus on T1-weighted images, is pre-
sumed to occur secondary to increased cerebral blood flow in the
posterior circulation.”*® In our patient cohort, we observed this
sign in 8 (30%) patients with IVS4-type Fabry disease (Fig 2).
This result is consistent with the hypothesis that this mutated
form of Fabry disease comprises neurovascular alterations and
cardiac and renal involvement.
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sex-matched comparison between
IVS4-type and classic Fabry disease
was not included in this study due to the rarity of classic Fabry

disease.

CONCLUSIONS

This study demonstrated that the cardiac-type Fabry disease with
amutation of IVS4 + 919G>A was not limited to involvement of
the cardiac system. Patients with this form of the disease pre-
sented with a greater amount of deep white matter intensities and
higher incidences of infarctions and pulvinar signs than healthy
controls. Finally, the use of a BA cutoff diameter of 2.95 mm
achieved fair sensitivity and specificity in differentiating male pa-
tients with IVS4-type Fabry disease and healthy controls. Awareness
of the neuroimaging findings helps early detection and treatment of
the specific type of Fabry disease.
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