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Pre-Hypertrophy Reduction of Diastolic
Deformation in Fabry Disease
Hsin-Yueh Liang,1 Wen-Chun Cheng,2 Dau Ming Niu,3 Chung-Chi Liang4 and Ching-Yuang Lin5

Background: Fabry disease (FD) is a rare, X-linked deficiency of the lysosomal enzyme a-galactosidase, resulting
in cardiomyopathy predominantly affecting hemizygous men and manifesting as left ventricular hypertrophy
(LVH). Heterozygous females, long believed to have less cardiac involvement than male patients, can present with
severe cardiomyopathy. We sought to evaluate cardiac mechanics in patients with Fabry disease.
Methods: Conventional and strain echocardiography was performed in 21 subjects (mean age 39 ± 12 years, 9
symptomatic men and 12 asymptomatic women) with genetically confirmed FD and healthy female controls.
Two-dimensional speckle strain echocardiography was analyzed off-line and averaged.
Results: Five subjects had LVH. The longitudinal early diastolic strain rate (SRe) was significantly reduced in FD
compared with the controls (1.5 ± 0.3 vs. 2.0 ± 0.1 s-1, p = 0.001), despite no difference in tissue velocity and other
strain measurements. Longitudinal SRe was lower in male patients than female carriers (1.3 ± 0.3 vs. 1.7 ± 0.2 s-1, p
= 0.006). In female carriers, longitudinal SRe was lower compared with the controls (1.7 ± 0.2 vs. 2.0 ± 0.1 s-1, p =
0.004). Furthermore, longitudinal SRe was significantly lower in FD without LVH compared with the control group
(1.6 ± 0.3 vs. 2.0 ± 0.1 s-1, p = 0.002).
Conclusion: Early diastolic strain rate is reduced in non-hypertrophied female carriers and pre-hypertrophy male
Fabry patients. These data indicates that SRe is a sensitive and early marker of Fabry cardiomyopathy, and suggests
a potential role for strain echocardiography in evaluation and management of patients with FD.
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INTRODUCTION

gion Xq22. This enzymatic defect leads to progressive
intracellular accumulation of glycosphingolipids throughout the body, particularly in the skin, nervous system, eye, kidney, and heart.1 Cardiac involvement is very
common and is the most frequent cause of death in affected patients. This is characterized by progressive severe left ventricular hypertrophy (LVH), which mimics
the morphological and clinical features of hypertrophic
cardiomyopathy (HCM), including electrocardiographic
and echocardiographic signs of LVH and late enhancement on cardiac magnetic resonance (CMR).2,3 Up to 6%
of male and 12% of female patients with late-onset (
40 years) HCM are affected by FD.2,4 In particular, the
heart can be the only organ involved in the so called
“cardiac variant,” with specific gene mutation.5
Clinical manifestations of FD in heterozygous females have been considered to be rare or mild. However,

Fabry disease (FD) is a rare X-linked recessive disorder of glycosphingolipid catabolism that results from a
deficiency of the lysosomal enzyme a-galactosidase A,
the gene for which is located in the X chromosomal re-
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with 300 mL of the substrate solution, incubated at 37 °C
for 2 hours, and 0.2 N glycine-NaOH was added to stop
the reaction. Fluorescence intensity was measured with
the excitation and emission wavelength of 365 and 450
mm, respectively. Normal values were considered between 7.9-16.9 nmol/hr/ml.

several studies have shown that female patients’ presentations range from severe symptoms as in affected males
to a relatively asymptomatic condition. In late adulthood, some patients develop LVH and/or multi-organ
involvement.6,7
The conventional echocardiographic measurements
of global left ventricular (LV) function such as ejection
fraction are not sensitive enough to detect early myocardial dysfunction. Pieroni et al. has demonstrated that
tissue Doppler velocity can detect reduced myocardial
velocity earlier than conventional echocardiography in
FD.8 Strain is a measure of tissue deformation and superior to tissue velocity in assessment of regional and
global function.9,10 Two-dimensional (2D) speckle strain
echocardiography has been validated, and used to depict
global and regional myocardial deformation in a variety
of diseases.11-15
To date, cardiac studies in patients with FD have primarily focused on clinically affected male patients. We
hypothesized that pre-clinical FD cardiomyopathy in
male patients and female carriers may be detected by
novel echocardiography to allow early initiation of enzyme therapy and attenuate and reverse the effects of the
disease. 16,17 The purpose of this cross-sectional study
was to evaluate the potential early markers of Fabry
cardiomyopathy using conventional and strain echocardiography.

Genetic analysis
Blood samples were obtained from these patients in
tubes containing ethylene diamine tetraacetic acid, and
samples were stored at 4 °C. DNA was isolated from
whole blood using the GFX genomic Blood DNA Purification Kit (Amersham Biosciences, UK). The human
a-Gal A gene consists of 7 exons. Each exon of a-Gal A
gene was amplified by polymerase chain reaction (PCR)
using appropriate primer. The PCR products were analyzed by 1.5% agarose I (Amresco) gel electrophoresis
and then eluted in the polymerase chain reaction Advanced PCR Clean UP System (Viogene, Sunnyvale,
CA, USA). Direct sequencing of the a-Gal A gene was
processed using the BigDye Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems) and ABI Prism 3730
Sequencer.
Echocardiographic measurements
A Vivid 7 cardiac ultrasound machine (GE, Milwaukee, WI, USA) was used with a 3.5 MHz transducer. The
echocardiographic examinations were performed with
patients in the left lateral decubitus position, where three
cardiac cycles were stored in a cine loop format, and
data was analyzed off-line using a dedicated software
package (EchoPac, BT09, GE, Milwaukee, WI, USA).
LV chamber dimension and wall thickness at enddiastole and end-systole from the parasternal short-axis
view using M-mode tracings, left atrial and ventricular
volumes from 2D imagines, and mitral inflow velocities
were acquired according to the recommendations of the
American Society of Echocardiography.18 LV ejection
fraction (EF) was calculated by using the biplane
Simpson method.19 The LV mass was calculated by the
cube formula modified by Devereux.20 Left ventricular
hypertrophy was considered to be present if LV mass
indexed to a height2.7 greater than 48 g/m2.7 in men and
44 g/m2.7 in women.18
Tissue Doppler velocity and strain echocardiography
have been extensively validated as accurately depicting

METHODS
Twenty-one patients from seven families with genetically-confirmed FD from a Fabry disease newborn
screening study in Taiwan were enrolled. Six agematched healthy females without history of cardiac or
systemic disease were included as a control group for
female carriers. All participants provided informed
consent for this study, which was approved by the institutional review board.

Plasma a-Gal A enzyme activity assay
Plasma a-Gal activity was determined using the substrate 4-methyl-umbelliferyl a-D-galactopyranoside (5
mmol/L) freshly prepared in 117 mmol/L N-acetyl-Dgalactosamine/50 mmol/L citric-phosphate buffer, pH
4.6, before every assay. Fifty mL of plasma was mixed
Acta Cardiol Sin 2012;28:241-248
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replaced to track for additional time periods. The displacement of each pattern over time is used to calculate
velocity, and this velocity is used to derive strain rate.
Because it does not use Doppler techniques, the 2D
strain method is not sensitive to the angle of insonation.24,13
This semi-automated approach decreases analysis time.
Six single walls of LV in apical 4 chamber, 2 chamber
and long axis views were acquired to analyze 2D speckle
strain. The following parameters were measured: peak
systolic strain (Ss), systolic strain rate (SRs), early diastolic strain rate (SRe), and late diastolic strain rate
(SRa) (Figure 2). Average longitudinal strain variables

regional myocardial motion and deformation, respectively. 21,22 Systolic (Sa), early diastolic (Ea), and late
diastolic (Aa) tissue Doppler velocities were measured
at the basal septum in apical 4 chamber view, via 2-dimensional color Doppler imaging (Figure 1).23
Strain echocardiography is superior to tissue velocity in assessment of regional and global function.9,10
The interaction of ultrasound with the myocardium produces unique acoustic patterns, or “speckles.” The 2D
strain analysis software identifies unique ultrasound patterns in each frame. These individual speckle patterns
are tracked over variable periods and are continuously

Figure 1. Representative curve of tissue Doppler velocity measured at basal septum in apical 4 chamber view, via 2-dimensional color Doppler
imaging. Sa, systolic velocity; Ea, early diastolic velocity; Aa, late diastolic velocity.

Figure 2. Representative curve of 2D speckle strain at mid-septum. SRs, systolic strain rate; Sre, early diastolic strain rate; Sra, late diastolic
strain rate.
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mitral E wave among male patients, female carriers and
the control group (Table 2). LV septum and posterior
wall thickness, LV end diastolic diameter (EDD), LV
end systolic diameter, LV mass and LV mass indexed to
height increased significantly in male patients compared
with female carriers and the control group. Four male
patients and one female carrier had LVH. Conventional
echocardiographic measurements did not differ between
the female carriers and the control group. In regard to
LVH, age, septum thickness, LVEDD, LVESD, and LV,
mass increased significantly in FD with LVH compared
to FD without LVH and the control group (Table 3).
There were no differences between FD without LVH and
the control group. No subject showed mitral valve prolapse or asymmetric basal posterior wall thinning.

were calculated from the 17 segments.

Statistics
All data were entered into and analyzed using a JMP,
version 8, statistical spreadsheet. All continuous data
was expressed as mean ± standard deviation. Variables
were compared among the three groups by ANOVA with
Bonferroni’s t test for pairwise comparisons. A p value
of < 0.0167 was considered statistically significant.

RESULTS
Of 21 patients, 9 male patients (43 ± 10 years) had
extracardiac and/or cardiac involvement, and 3 of them
had end-stage renal disease and were on maintenance
hemodialysis. Twelve female carriers (35 ± 13 years)
were asymptomatic and heterozygous. Clinical characteristics are reported in Table 1. The enzymatic activity
was lower in male patients compared with female carriers (1.26 ± 0.86 vs. 5.51 ± 1.59 nmol/hr/ml, p =
0.0001), but not significantly different between FD with
and without LVH. Sixteen subjects had IVS4 + 919G >
A mutation, two 1066C > T mutation, and three C335G
> A mutation. At the time of the present study, 3 male
patients without dialysis were receiving enzyme replacement therapy (1 mg/kg body weight every 2 weeks).

Tissue Doppler and strain studies
Male patients showed lower SRe compared to female carriers and the control group. In female carriers,
SRe remained significantly lower than in the control
group (1.7 ± 0.2 vs. 2.0 ± 0.1 s-1, p = 0.004) despite no
difference in tissue velocity and other strain measurements between these two groups (Table 2). FD with
LVH had lower Ea, SRs and Ss compared with FD without LVH and the control group (Table 3). Tissue velocity
did not differ between FD without LVH and the control
group; however, SRe was reduced significantly in FD
without LVH compared with the control group (1.6 ± 0.3
vs. 2.0 ± 0.1 s-1, p = 0.002) (Figure 3).
Inter- and intra-observer’s variability showed good
agreement (95% and 97%, respectively).

Conventional echocardiographic studies
There were no differences in age, LV EF, left atrial
volume index, E wave, A wave and deceleration time of

Table 1. Genetic, enzymatic and clinical characteristic zero indicates absent
Case

01 02

03

04

Family
Age

05

06

08

09

I
29 19

Sex

26

31

10

11

II
55

F

50

58

29

M

Genotype
Enzyme
activity

07

19
F

12 13

14

III
28

26

M

15

16

17

IV
29 31

F

57

18

19

V

37

F

34

60

M

F

IVS4 + 919G > A

43

39
M

C335G > A

4.21 3.79 4.93 5.36 1.26 1.26 1.20 5.81 3.79 1.45 4.75 4.95 6.17 4.33 7.67 0.92 9.36

0.89

20

21

VI

VII

38

46

M

M

1066C > T

0.21 3.33

0.80

(nmol/hr/ml)
Cardiac
0
manifestation

0

0

0 Angina 0

Extra-cardiac
0
manifestation

0

0

0
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Table 2. Conventional, tissue Doppler velocity and average strain measurements between male and female

Age, y
Septal thickness, mm
Post wall thickness, mm
LV end diastolic dimension, mm
LV end systolic dimension, mm
LV mass, g
LV mass/ height2.7, g/m2.7
LV ejection fraction, %
Left atrial volume index, ml/m2
Mitral E wave, cm/s
Mitral A wave, cm/s
EA ratio
Deceleration time of E wave, ms
Systolic velocity, cm/s
Early diastolic velocity, cm/s
Late diastolic velocity, cm/s
E/Ea
Systolic strain rate, s-1
Early diastolic strain rate, s-1
Late diastolic strain rate, s-1
Systolic strain, %

Male patients (n = 9)

Female carriers (n = 12)

Controls (n = 6)

p Value

43 ± 10
8.9 ± 1.3
8.7 ± 0.7
53 ± 50
35 ± 50
177 ± 400
42 ± 10
60 ± 60
24 ± 40
79 ± 16
68 ± 15
1.2 ± 0.3
222 ± 430
5.4 ± 1.0
6.7 ± 2.6
6.1 ± 1.0
12.8 ± 3.50
-1.0 ± 0.31.3 ± 0.3
0.9 ± 0.1
-17.0 ± 3.4-0

35 ± 13
7.2 ± 1.6
6.5 ± 1.3
46 ± 50
30 ± 30
103 ± 320
30 ± 90
57 ± 60
24 ± 90
94 ± 14
50 ± 11
2.0 ± 0.6
187 ± 100
5.4 ± 0.9
8.6 ± 2.3
4.2 ± 1.2
12.0 ± 4.70
-1.2 ± 0.21.7 ± 0.2
0.7 ± 0.3
-19.6 ± 1.7-0

34 ± 30
6.2 ± 0.7
5.6 ± 0.4
44 ± 40
28 ± 20
77 ± 80
23 ± 30
63 ± 60
19 ± 40
92 ± 10
61 ± 18
1.6 ± 0.3
194 ± 240
5.7 ± 0.5
9.3 ± 1.1
4.7 ± 0.5
10.0 ± 1.00
-1.2 ± 0.22.0 ± 0.1
0.9 ± 0.4
-21.3 ± 1.40-

< 0.162
< 0.0049*‡
< 0.0001*‡
< 0.0024*‡
< 0.0038*‡
< 0.0001*‡
< 0.001*‡
< 0.277
< 0.298
< 0.070
< 0.021
< 0.0038*
< 0.295
< 0.817
< 0.098
< 0.001†
< 0.434
< 0.153
< 0.0001*†‡
< 0.091
< 0.009‡

Values are the mean ± SD. LV, left ventricular; p value < 0.0167 for * male patients versus female carriers; † female carriers versus
control group; ‡ male patients versus control group.
Table 3. Conventional, tissue doppler velocity and strain measurements between patients with and without LVH

Age, y
Female, n (percentage)
Septal thickness, mm
Post wall thickness, mm
LV end diastolic dimension, mm
LV end systolic dimension, mm
LV mass, g
LV mass/ height2.7, g/m2.7
LV ejection fraction, %
Left atrial volume index, ml/m2
Mitral E wave, cm/s
Mitral A wave, cm/s
EA ratio
Deceleration time of E wave, ms
Systolic velocity, cm/s
Early diastolic velocity, cm/s
Late diastolic velocity, cm/s
E/Ea
Systolic strain rate, s-1
Early diastolic strain rate, s-1
Late diastolic strain rate, s-1
Longitudinal systolic strain, %

LVH (+) (n = 5)

LVH (-) (n = 16)

Controls (n = 6)

54 ± 60
1 (20%)
9.5 ± 1.3
8.6 ± 0.8
56 ± 40
36 ± 60
197 ± 340
50 ± 50
59 ± 30
28 ± 10
81 ± 19
66 ± 14
1.3 ± 0.5
219 ± 510
4.7 ± 0.2
4.9 ± 1.0
6.0 ± 0.8
16.7 ± 1.40
-0.8 ± 0.11.3 ± 0.3
0.8 ± 0.3
-15.4 ± 2.7-0

34 ± 90
11 (68.8%)
7.4 ± 1.5
7.1 ± 1.5
47 ± 50
31 ± 40
115 ± 380
31 ± 80
59 ± 10
23 ± 60
90 ± 15
55 ± 16
1.8 ± 0.7
197 ± 580
5.6 ± 0.9
8.7 ± 2.2
4.7 ± 1.5
11.0 ± 0.80
-1.2 ± 0.21.6 ± 0.3
0.8 ± 0.2
-19.5 ± 2.2-0

34 ± 30
6 (100%)
6.2 ± 0.7
5.6 ± 0.4
44 ± 40
28 ± 20
77 ± 80
23 ± 30
63 ± 30
19 ± 40
92 ± 10
61 ± 18
1.6 ± 0.3
194 ± 240
5.7 ± 0.5
9.3 ± 1.1
4.7 ± 0.5
10.0 ± 1.40
-1.2 ± 0.22.0 ± 0.1
0.9 ± 0.4
-21.3 ± 1.4-0

< 0.0002*†
< 0.019†
< 0.002*†
< 0.005†
< 0.001*†
< 0.016*†
< 0.0001*†
< 0.0001*†
< 0.413
< 0.119
< 0.465
< 0.364
< 0.265
< 0.690
< 0.058
< 0.001*†
< 0.168
< 0.003*†
< 0.0001*†
< 0.0004†‡
< 0.772
< 0.0006*†

Values are the mean ± SD. LV, left ventricular; p value < 0.0167 for * LVH(+) versus LVH(-); † LVH(+) versus control group;
‡
LVH(-) versus control group.
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The severity of LVH appears to progress with age.
An increased LV mass was detected in 56% of heterozygous female patients < 38 years of age, and in 86% >
38 years of age.7,31 The mean age of our female carriers
was 35 years of age, and only one patient had LVH,
which is compatible with published data.7,32
The prior studies have shown reduced myocardial
function on pulsed tissue Doppler velocities in patients
with FD. In addition, these changes were more pronounced in patients with LVH than without LVH, consistent with the pathological finding of a more extensive
accumulation of storage material, and more prominent
myocardiocyte hypertrophy in patients with LVH.8,33 In
our study, tissue Doppler velocity in patients with LVH
was significantly lower than patients without LVH and
the control group. However, there was no difference between patients without LVH and the control group, or
between female carriers and the control group.34 There
were two possible reasons for this discrepancy. First,
lower mean tissue velocity was obtained via 2D color
Doppler imaging in our study, instead of peak-pulsed
wave tissue Doppler velocity.23 Second, the majority of
patients without LVH in our study were female carriers
who were younger and clinical asymptomatic, indicating
a lesser degree of disease involvement than the prior reports.
Weidemann et al. has demonstrated that tissue
Doppler-derived longitudinal and radial systolic strain
and systolic strain rate were reduced before manifestation of LVH and late enhancement on CMR, and
longitudinal function was impaired earlier than radial
function. 35 Our data showed no differences in longitudinal strain measurements, except longitudinal SRe,
between FD and the control group. The lesser degree of
disease severity, an average of 17 segments rather than a
limited 3 segments, and 2D speckle strain algorithm in
our study might account for this discrepancy. Furthermore, SRe was significantly lower in FD without LVH
and female carriers compared with the control group. It
appeared that diastolic impairment occurred earlier than
impairment to systolic function. The accumulated evidence has shown that myocardial fibrosis correlates with
diastolic dysfunction, including SRe, in animal and human studies.36-38 In FD, not only hypertrophied myocardial fibers containing classical intra-myocyte concentric
lamellar inclusions bodies, but also interstitial fibrosis

Figure 3. Longitudinal early diastolic strain rate in female carrier, FD
without hypertrophy and control groups.

DISCUSSION
We report a reduction in SRe in non-hypertrophied
homozygous males and heterozygous females with FD.
SRe may serve as a pre-clinical marker for Fabry cardiomyopathy that identifies a population that may benefit from early enzyme replacement therapy.
The incidence of FD has been estimated to be
1:117,000 male births; 25 however, a higher incidence
(1:1400 for male newborns) was reported recently by a
large-scale newborn screening in the Taiwan Chinese
population.26 In our study, the IVS4 + 919G > A mutation was the most common type of gene abnormality,26
and is associated with a cardiac variant FD.27
The previous studies focused on clinically affected
patients group composed primarily of men. The lack of
attention to females is probably caused by the common
belief that heterozygous carriers of an X-linked recessive disease are normal, or just mildly affected. However, some heterozygous females have Fabry disease
equally severe to cases seen in males.28,29 Kampmann et
al. have shown that cardiac involvement with LVH and
structural valve abnormalities were very common in female patients in the presence of low to even normal residual enzyme activity.7 In the present study, the female
carriers were clinically asymptomatic, despite low enzyme activity. X-inactivation patterns in FD vary widely
between female patients and different tissues. Consequently, the result of lymphocyte enzyme activity is appropriate to extrapolate the X-inactivation status from
one tissue to another, and may fall within the normal
range. Nonetheless, the female can be clinically affected,
and vise versa.30,31
Acta Cardiol Sin 2012;28:241-248
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have been demonstrated following histological examinations of biopsy and autopsied specimens.8,39 The late
enhancement on CMR indicates that myocardial fibrosis
plays an important role in disease progression of FD as
well.3,35 Therefore, diastolic deformation might be more
sensitive than systolic function to detect preclinical cardiac abnormality, even in female carriers and patients
without LVH.
New therapeutic intervention, such as enzyme replacement therapy, has been shown to be beneficial at an
early stage, with subsequent improvement and regression of FD.16,40,41 Accordingly, early detection of cardiac
abnormalities by strain echocardiography may help
select patients more efficiently.

3.

4.

5.

6.

7.

8.

LIMITATION
The sample size was small but adequate to demonstrate inter-group differences. Other longitudinal studies
with large numbers of patients, ideally randomized to enzyme treatment, will confirm whether early detection
and treatment positively influences outcomes. There was
no significant difference in the parameters between the
group of female patients with FD and the normal control
group, and the possible reason should be viewed with
limitations due to the small case number.

9.

10.

11.

12.

CONCLUSION
The results of the present study suggest that strain
echocardiography may be helpful for evaluating patients
with FD. The early diastolic strain rate is more sensitive
and consistent than systolic function and hypertrophy to
detect Fabry cardiomyopathy, even in female carriers.
Therefore, diastolic deformation may enable practitioners to detect preclinical abnormality, and in turn permit
earlier treatment and subsequent monitoring of therapy.

13.

14.

15.
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