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ABSTRACT

Fabry disease (FD) is a lysosomal storage disease caused by deficiency of a-galactosidase A.
Although cardiac involvement is well documented in adult patients with FD, pediatric data is limit-
ed. The aim of the present study was to characterize cardiac changes in Japanese children and ado-
lescents with FD. Data were collected from 25 patients (15 boys, 10 girls) ranging from 3 to 20
years of age. Median age at the first cardiac evaluation was 13.3 years in boys and 15.5 years in
girls. Using the Sokolow-Lyon, Cornell, and Japanese left ventricular hypertrophy (LVH) criteria,
LVH was found on ECG in 53%, 20%, and 0%, respectively, of male patients. The left ventricular
Thus, the Sokolow-Lyon and Cornell criteria might overesti-
mate LVH in the ECG evaluation of pediatric FD. Although valvular regurgitation and prolapse were
observed in 46% of male patients and 60% of female patients, the regurgitation was usually mild and
Some patients underwent enzyme replacement therapy during follow-up, and cardiac
variables remained normal in all patients but 1 patient, who fulfilled the LVH criteria. In conclusion,

mass index was normal in all patients.

subclinical.

cardiac involvement is minimal in Japanese children and adolescents with FD.

(Jikeikai Med J 2014 ; 61 : 65-75)
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INTRODUCTION

Fabry disease (FD) is a rare X-linked recessive disor-
der of lysosomal storage, caused by a-galactosidase A
(GLA) deficiency. Absence or markedly reduced activity
of GLA causes globotriaosylceramide (Gh-3) to accumulate
in the heart, kidneys, dorsal root ganglia, and other tissues
and organs throughout the body. FD is progressive and
leads to premature death from cardiomyopathy, renal fail-

ure, or stroke'?. The incidence of classic FD was previ-
ously estimated to be 1 in 40,000 to 60,000 live male
births** but after the advent of neonatal screening the inci-
dence is now thought to be 1 in 3,100 to 4,600 live male
births®.
symptoms do not appear until a few years after
birth®.

ease are acute episodic pain in the extremities, acropares-

The accumulation of Gb-3 starts in utero but

Common symptoms in the early stages of the dis-

thesia, hypohydrosis, heat and cold intolerance, angiokera-
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Although these
symptoms might not be life threatening, they strongly affect

toma, and gastrointestinal symptoms”®.

disease outcome and the quality of life of patients with
FD. The mean age of disease onset is 10 years in boys’
and 15 years in girls', but symptoms can appear as early as
3 years in boys and 6 years in girls''. Female heterozy-
gotes with FD cannot be considered as simple carriers of
the mutation because the majority of these patients will
present with the same signs and symptoms of FD**. The
difference in the age of onset and the severity of cardiac or
renal dysfunction among female patients with FD was
thought to be the effects of skewed X-chromosome inacti-
vation. However, some studies have shown that the oc-
currence and severity of clinical manifestations are not cor-
related with X-chromosome inactivation®,

The heart is a major organ affected by Gb-3 accumula-
tion in FD. The main feature of cardiovascular involve-
ment is left ventricular (LV) hypertrophy (LVH) with inter-
stitial fibrosis and fibrotic replacement of the myocardium.
Cardiovascular symptoms appear at around the age of 32
years in men and 40 years in women. The accumulation
of Gb-3 can be seen in all cardiac cell types. Myocardial
accumulation can lead to hypertrophic cardiomyopathy™.
Deposits of Gb-3 in coronary epithelial cells can lead to
acute coronary syndrome'®, and endocardial involvement
mainly causes thickening of the aortic and mitral valve leaf-
lets".

tion, which causes various types of arrhythmias and distur-

Conduction cells are also prone to Gb-3 accumula-

bances of the conduction system, including bradycardia,
bundle-branch block, atrioventricular block, sick-sinus syn-
drome, atrial fibrillation, and PR interval shorten-
ing®®. Arrhythmias may be accompanied by a distur-
bance in the autonomic control of heart rate, resulting in
rate variability. Symptoms include dyspnea, palpitations,
chest discomfort, shortness of breath, and reduced exercise
intolerance?.

Cardiovascular involvement increases with age and
strongly affects the morbidity and mortality of patients with
FD. However, little is known about the changes that occur
during childhood. Structural changes are uncommon ;
however, reduced heart rate variability (HRV) and arrhyth-

22,23

mias are often seen Currently 2 types of enzyme

treatments are available. One is agalsidase alfa (Replagal®,
Shire Human Genetic Therapies Inc., Cambridge, MA,

USA) and the other is agalsidase beta (Fabrazyme®, Gen-
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zyme Corporation, Cambridge, MA, USA). Substantial
clinical data have demonstrated the effectiveness of both
enzymes for slowing the progression of cardiac involvement
in FD*%,

enzyme replacement therapy (ERT) for reducing cardiac

However, information on the effectiveness of

morbidity in pediatric patients is limited.

The main purpose of this study was to characterize the
electrocardiographic (ECG) and echocardiographic findings
of Japanese children and adolescents with FD and their re-
sponses to ERT.

METHODS

1. Study Population (Table 1)

We performed a chart review of 25 patients with FD,
the diagnosis of which was confirmed by measuring GLA
activity in peripheral white blood cells or analysis of the
GLA gene (GLA) or both. All enrolled patients visited the
Department of Pediatrics, The Jikei University School of
Medicine, from 1997 through 2013. The patients were 15
male patients and 10 female patients. The age range at
the time of the first cardiac evaluation was 3 to 20 years
(mean, 13.3 years) for males and 14 to 20 years (mean, 15.5
years) for females. ERT was performed for 14 of 15 males
and 4 of 10 females.

the age of 5 to 26 years (mean, 16.1 years) for female pa-

ERT was started for male patients at

tients at the age of 14 to 21 years (mean, 19.4 years). The
mean duration of follow-up for patients who had received
ERT was 7.7 years (range, 0.2 to 26 years) for males and 8.2
Patients had

received either agalsidase alfa or agalsidase beta.

years (range, 4.5 to 15.9 years) for females.
Some
patients had switched from agalsidase beta to agalsidase alfa
because of the global shortage of agalsidase beta due to vi-
ral contamination during manufacturing. Patients 3 and
6 ; patients 4, 17, and 18 ; and patients 15 and 25 were
from the same families. This study protocol was approved
by the institutional ethics review board, and all subjects or
their guardians or both gave written informed consent dur-
ing the start of the annual visits.

All ECG and echocardiographic data obtained at the
first cardiac evaluation were analyzed. From 6 of 14 male
patients and 3 of 4 female patients who had received ERT,
ECG, echocardiographic data, and brain natriuretic protein
(BNP) values were obtained at different time points after
ERT. Thus, the responses to ERT were able to be ana-
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Table 1.  Patient profiles
fsg%rétr Sex car(?if: :\tuﬁﬁzttion EfRT during Age at initiation Years of Treatment Family
(n=25) (years) ollow-up of ERT (years) follow-up (ERT)
1 Male 3.0 - - - -
2 Male 4.9 Yes 5.1 7.0 beta
3 Male 5.2 Yes 5.4 9.1 beta — alfa — beta *
4 Male 8.5 Yes 19.8 18.3 alfa * %k
5 Male 11.2 Yes 114 0.2 beta
6 Male 12.0 Yes 12.3 9.8 beta — alfa — beta *®
7 Male 12.8 Yes 26.5 26.0 beta — alfa
8 Male 14.5 Yes 14.6 44 alfa
9 Male 15.5 Yes 15.9 8.5 beta
10 Male 15.8 Yes 16 3.1 alfa
11 Male 16.1 Yes 16.2 8.0 beta
12 Male 18.7 Yes 19.8 1.5 beta
13 Male 20.6 Yes 20.9 4.6 alfa
14 Male 20.4 Yes 20.7 0.9 beta
15 Male 20.6 Yes 20.8 6.6 alfa * %k %
13.3 (mean) 14/15 (93%) 16.1 (mean) 7.7 (mean)
16 Female 13.4 Yes 14.6 4.5 alfa
17 Female 13.0 - - - - * %k
18 Female 13.0 Yes 204 15.9 beta * %k
19 Female 134 - - - -
20 Female 14.2 - - - -
21 Female 16.1 - - - -
22 Female 17.9 Yes 20.8 6.8 beta — alfa
23 Female 17.0 - - - -
24 Female 18.5 Yes 21.9 5.6 alfa
25 Female 18.6 - - - - EIE R
15.5 (mean) 4/10 (40%) 19.4 (mean) 8.2 (mean)

ERT : Enzyme replacement therapy
alfa : alfa agalsidase Replagal® 0.2 mg/kg biweekly
beta : beta agalsidase Fabrazyme® 1.0 mg/kg biweekly
% : Patient 3 and 6 are from the same family
% % : Patient 4, 17 and 18 are from the same family
% sk %k : Patient 15 and 17 are from the same family

lyzed. A value of “0” refers to data obtained just before
the start of ERT. Other patients were transferred to an-
other hospital after the start of ERT ; thus, the follow-up
data were not available.

2. ECG

All ECGs were performed in a standard manner.
They were recorded with a paper speed of 25 mm/second
with an amplitude of 1 mV/cm. The following variables
were assessed : QRS axis, heart rhythm, heart rate, PR in-
terval, QRS duration, QTc (Bazett’s formula and Fridericia’s

formula), and R wave and S wave amplitudes in leads V1,

V5, and V6. Sokolow-Lyon voltage®, Cornell voltage?’,
and Japanese LVH criteria® were used to assess LVH. So-
kolow-Lyon voltage was defined as the sum of the voltages
of Sin V1 and R in V5 or V6 (whichever was higher). To
determine the Cornell voltage, the sum of S in V3 and R of
aVL was used. The Japanese LVH criteria (Table 2) use a
point-based scoring system based on sex and different age
groups. The major components of the scoring systems are
high R with a biphasic or inverted T wave in V5 or V6, volt-
age of RV5 or RV6, and sum of SV1 and RV5 or RV6. Bra-
dycardia was defined as a heart rate less than 100 beats per
minute (bpm) in patients aged 0 to 3 years, less than 60



68 K. TAKAGI, et al.

Vol. 61, No. 4

Table 2. Japanese LVH criteria

12 years and older

score Findings A 0-7 days 8-30 days 1 month-2 years ~ 3-11 years
g€ male female
5pts  Left hypertophic ST-T changes in V5 or V6 + + + + + +
(@ RV6 =15mV =2.0mV = 2.5mV =30mV =3.0mV =25mV
(b) RV5 =25mV  =25mV = 3.5mV =40mV =40mV =35mV
30t (@ |SV1|+RVé6 * * = 4.0 mV =50mV =50mV =4.0mV
S
P (b) |SV1|+RV5 * * = 5.0mV =65mV =6.0mV =50mV
(©) |SV1] =25mV  =2.0mV * * * *
|QV5|<|QV6] also |QV6| * * % =05mV =05mV =05mV
(@ RIland RII * * = 2.5mV =25mV =25mV =25mV
2pts (b) RaVF * * = 25mV =25mV =25mV =25mV
VATelongation on V5 or V6 * * = 0.04s =0.05s =0.06s = 0.06s
1pts Left Axis Deviation * * * =0° =-30° = —30°

1. Hypertrophic changes : Tall R wave on V5 or V6 and negative or biphasic T wave
ST segment often presents as downsloping or horizontal
2. Distinguishing LVH may be difficult with Wolff-Parkinson-White syndrome or when LBBB is present

3. Only one match for subcriteria (a)-(c) is needed for each point

Result : 5 points or more : left ventricular hypertrophy
3-4 points : left ventricular hypertrophy suspected

1-2 points : no apparent left ventricular hypertrophy on ECG

bpm in subjects aged 3 to 9 years, and less than 50 bpm in
those aged 9 to 16 years. The normal durations of the PR
interval and QRS complex were defined as 120 to 240 milli-
The PR
interval was considered prolonged if the duration was great-
er than 240 ms.

beginning of the QRS complex to the end of the T

seconds and 70 to 110 milliseconds, respectively.
The QT interval was measured from the
wave. The QT interval was corrected with Bazzet’s for-
mula and Fridericia’s formula. A normal QTc was defined
as 360 to 440 milliseconds.
was defined as ] point elevation of =2 mm in the precordial

The ST segment elevation

leads and =1 mm in the limb leads. Incomplete right bun-
dle-branch block was defined as QRS <120 milliseconds
with R” wave > R wave in the precordial leads V1 and V2.

3. Echocardiography

Echocardiographic evaluation was performed with a
digital ultrasound system with body size-matched transduc-
ers (2.5 MHz, 3.5 MHz, or 5.0 MHz).
the American Society of Echocardiography, measurements

As recommended by

were made from M-mode tracings®®. The LM mass was

The LV
mass was then indexed to body surface area to obtain the
LV mass index (LVMI). LVH was defined as a LV mass
greater than 103 g/m” in male patients and 84.2 g/m? in fe-

calculated with the modified Devereux formula.

male patients®. The variables of systolic function were
short axis LV ejection fraction (EF) and short axis fractional
shortening. The variables of diastolic function included
pulsed Doppler tracings of mitral valve inflow (including
peak early [E] and late [A] diastolic transmitral veloci-
ties).
3 to 8 years, 2.2 + (.6 for ages 9 to 12 years, and 2.3 = 0.6
for ages 13 to 17 years®.
defined as 1.1 = 0.3%.

lapse (MVP) was based on echocardiographic evidence of

A normal E/A ratio was defined as 2.4 = 0.8 for ages

The normal value for adults was
The diagnosis of mitral valve pro-

posterior displacement of one or both leaflets or coaptation
of the left leaflet tips at or below the level of the annulus of
the mitral valve. The severity of valvular regurgitation
was graded as none, mild, moderate, or severe on the basis
of previous transthoracic color flow criteria®. Regurgita-
tion was considered clinically significant if the severity was

greater than mild.
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4. Statistical analysis

Statistical analysis was performed with the software
package Graph Pad Prism® 6.03 (Graph Pad Inc., La Jolla,
CA, USA) for Windows®.

standard error of the mean (SEM) when indicated. Differ-

Data are expressed as mean *+

ences among groups were analyzed with Student’s f-test
and Fisher’s exact test. Differences were considered to be

statically significant for p<0.05.

RESULTS

1. ECG findings at the initial cardiac evaluation

The ECG findings revealed that LVH was present in 8
of 15 male patients (53%) on the basis of the Sokolow-Lyon
criteria, in 3 male patients (20%) on the basis of the Cornell
voltage criteria, and in no male patients on the basis of the
Japanese LVH criteria (Table 3). One male patient (patient
14) had LVH on the basis of both the Sokolow-Lyon and
Cornell voltage criteria. However, none of the female pa-
tients met the Sokolow-Lyon, Cornell, or Japanese LVH
criteria for LVH.

Other ECG findings included sinus bradycardia, incom-
plete right bundle branch block, and right axis devia-
tion. Heart rate, PR interval, QRS duration, and QTc time
were within normal limits in all patients (data not shown).
In addition, complete right bundle-branch block, atrioven-
tricular block, and premature ventricular complex and ST-T
change were not seen in any patient (Table 3).

2. Echocardiographic findings at the initial cardiac evalua-
tion
The LVMI was within the normal range for 10 of 15
male patients and all 10 female patients (Table 4). None of
the patients had systolic or diastolic dysfunction. Valvular
insufficiency was present in the majority of patients (13 of
25 patients ; 52%).

lent valvular disease was tricuspid regurgitation (40%) and

Among all patients, the most preva-

was followed by MVP (16%) and mitral regurgitation
(12%).
were not seen in any patient.

Aortic valve regurgitation and valve thickening
Male and female patients did
not differ significantly in mean LVMI, the prevalence of val-
vular insufficiency, or the prevalence of any type of valvular
disease.
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3. Cardiac response to ERT

Follow-up ECG and echocardiographic data after ERT
were available for 6 male patients and 3 female patients.
The ERT had been started in all patients before the age of
21 years (Table 1). The duration of ERT differed for each
patient, and some data were missing. The HR and the PR
and QRS intervals in all patients were stable during the
EF and LVMI remained within nor-

mal range except for Patient 24. Patient 24 showed a con-

study period (Fig. 1).

tinuous increase in LVMI, even while undergoing ERT
(Fig. 2). Three years after the start of ERT, the LVMI in
this patient was 84.6 g/m®, which indicated LVH, although
ECG findings did not meet Sokolow-Lyon criteria, Cornell,
or Japanese criteria for LVH. The level of BNP also re-
mained with the in normal range up to 3 years after the
start of ERT. Other variables remained stable after
ERT. The BNP levels remained within the normal range
in all patients, except for patient 3.  Although patient 3 had
high BNP levels, the HR, EE, and other variables remained
within the normal range (Fig. 3).

DiscusSION

Cardiac involvement strongly affects the overall dis-
ease outcome and decreases the quality of life of patients
with FD. Previous studies focusing on FD in children and
adolescents have shown that minute changes in HRV and

222 However,

ECG variables are early cardiac findings
heart failure and cardiac remodeling are not seen at this
stage. In the present study, some patients were found to
have LVH on the basis of the Sokolow-Lyon criteria and
Cornell voltage criteria, but none of the patients had LVH
on the basis of the age-based Japanese LVH criteria. All
patients had a normal LVMI value. Because our initial car-
diac evaluation data were obtained from patients aged 3 to
20 years, the accuracy of Sokolow-Lyon and Cornell criteria
for detecting LVH is questionable. Among numerous cri-
teria, the only age- and sex-specific criteria available is the
Japanese LVH criteria, which was created by the Japanese
Society of Pediatric Cardiology and Cardiac Surgery for as-
This
criteria is widely used in Japan for screening for LVH, from

sessing LVH accurately on the basis of age and sex®.

newborns to adolescents.
To determine whether the ECG criteria of Sokolow-

Lyon criteria and Cornell criteria for LVH are accurate for
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Table 3. ECG findings at the first cardiac evaluation

Patient
number
(n=25)

Positive for LVH criteria

others

I+ 4+

+ +

male

—=
N = O © 0 3 & U = W N
I+ +

—
~ W
+ +

15

Cor JA-LVH

IRBBB

IRBBB
RAD, IRBBB

frequency 8/15 (53%)

3/15 (20%)

0/15 (0%)

16 -
17 -
18 -
19 -
20 -
21 -
22 -
23 -
24 -
25 -

female

bradycardia

bradycardia

total
(male and
female)

frequency 8/25 (32%)

3/25 (12%)

0 (0%)

S-L: Sokolow-Lyon voltage criteria
Cor : Cornell voltage criteria
JA-LVH : Japanese LVH criteria
RAD : right axis deviation

IRBBB : incomplete right bundle branch block

pediatric patients, we looked at ECG from all 15 individuals
(8 male and 7 female), matched for age (2 to 20 years), who
visited our department of pediatrics from July 2013 through
November 2014 and had normal LVMI.
in 1 patient with the Sokolow-Lyon criteria and in 2 patients
All 3 patients
did not have LVH according to the Japanese LVH criteria

LVH was present
with the Cornell criteria (data not shown).
Therefore ; these results suggest that Sokolow-Lyon and

Cornell criteria overestimate LVH in children, including
those with FD. On the basis of these findings, we recom-

mend the use of the Japanese LVH criterion for assessing
LVH in pediatric patients, including those with FD.

In our study, various types of valvular dysfunction, in-
cluding MVP, mitral regurgitation, and tricuspid regurgita-
tion, were present in 7 male patients (46%) and 6 female
patients (60%) at the initial cardiac evaluation. The aortic
valves of all male and female patients were intact. Hopkin
et al. have reported that valvular dysfunction was present in
22.6% of boys and 13.9% of girls with FD’.

have reported that MVP was present in 5 of 9 men (55%)

Sakuraba et al.
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Table 4. Echo findings at the first cardiac evaluation and Statistical Analysis

Patient Presence of Patient
number MVP MR TR AR Valvular insuffi- number LVMI (g/m?)
(n=25) ciency (+ or —) (n=25)
1 - - - - - 1 44
2 + - - - + 2 NA
3 - - - - - 3 NA
4 - - - - - 4 NA
5 - - mild - + 5 66
6 - - mild - + 6 76.1
7 - - - - - 7 NA
8 - - mod - + 8 85
male 9 + mild mild - + 9 81
10 - mild - - + 10 65
11 + - - - + 11 NA
12 - - - - - 12 40.1
13 - - - - - 13 84
14 - - - - - 14 64
15 - - - - - 15 74
frequency  3/15 (20%)  2/15(13%)  4/15 (26%) 0/15 (0%) 7/15 (46%) mean+SEM 67.92+4.943
16 - mild mild - + 16 65
17 - - - - - 17 56
18 - - - - - 18 60
19 - - - - - 19 56
20 - - mild - + 20 66
female 21 - - mild - + 21 50
22 - - mild - + 22 64.2
23 - - - - - 23 66.9
24 - - mild - + 24 64
25 + - mild - + 25 60
frequency  1/10 10%)  1/10 10%)  6/10 (60%)  0/10 (0%) 6/10 (60%) mean+=SEM 60.81+£1.725
total (male £ oncy 425 (16%)  3/25(12%)  10/25 40%)  0/25(0%)  13/25 (52%)
and female) comparison of $=0.1912
comparison of - - . - - male and female )
»=0.6265 p=1.00 »=0.1221 »=1.00 »=0.6882

male and female

NA : not available

MVP : mitral valve prolapse

MR : mitral regurgitation

TR : tricuspid regurgitation

AR : aortic regurgitation

mod : moderate

LVMI : left ventricular mass index

and 5 of 13 women (38%) with FD*. The definitions of
valvular dysfunction in previous studies are not clear ; thus,
direct comparison of our data with previous data is diffi-
The degree of regurgitation in most of our patients
On the oth-

cult.
was mild and could be considered subclinical.

er hand, the prevalence of MVP in our patients (16%) was
higher than in the general population : the prevalence of
MVP is 0.3%* from 0 to 19 years and 0.6% from 23 to 35
years®. This result suggests that FD should be consid-

ered in otherwise asymptomatic pediatric patients with sub-
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A. Male HR changes after ERT

100 -@- patient 3
-4 patient 6
-B- patient 8
-A patient 9
-v- patient 13
-+ patient 15

804"

HR ( /min )

-®- patient 3
- patient 6
-m- patient 8
-A- patient 9
patient 13
-+ patient 15

-V

PR (s)

E. Male QRS changes after ERT

0.25 .
-®- patient 3

0.203 - patient 6
.‘\_ -m- patient 8
0.154\, -A- patient9
’ -v. patient 13

0404 A -+ patient 15

QRS (s)
«

0.054<--"

years

Fig. 1. Changes in ECG after ERT in male and female patients
Individual ECG data at various time points after the start of ERT are shown.

ranges.

clinical MVP or tricuspid regurgitation.

Patient 24 was the only patient in whom LVH devel-
oped during ERT. All cardiac variables were in their nor-
mal ranges at the initial evaluation and the evaluation just
before ERT. We do not know why only this patient devel-
oped LVH.
mained normal.

In other patients, most cardiac variables re-
Our study had several limitations. Because this was
a chart review study, some ECG and echocardiographic data
from the first cardiac evaluation and from evaluations at
In addi-

tion, only conventional ECG and echocardiographic data re-

various time points after ERT were not available.

garding cardiac function were evaluated. Evaluation of
HRYV using Holter monitoring, tissue Doppler imaging®,

and speckle-tracking imaging indicating strain and strain

Vol. 61, No. 4

B. Female HR changes after ERT
100+

-e- patient 16
< 80y -A patient 18
‘€ @ patient 24
~N
x
T
40 T T T T 1
0 2 4 6 8 10
years
D. Female PR changes after ERT
0.22 .
-®- patient 16
0.204 -A patient 18
~ 0.184 -@- patient 24
»
~ 0164,
o e
& 014 -
0.124
0.10 T T T T 1
0 2 4 6 8 10
years
F. Female QRS changes after ERT
0.25-
-o- patient 16
0.20 -A patient 18
~ -#@- patient 24
@ 0.15
%]
x 0.10
S LA
0.054 LT
0.00 T T T T 1
0 2 4 6 8 10

All variables remained within their normal

rate® should be considered. In fact, tissue Doppler imag-
ing is useful for the early detection of LVH, and strain and
strain rate are used to analyze systolic and diastolic func-
tion. Cardiac magnetic resonance with late enhancement
is used to detect fibrosis®*. Combining these noninvasive
methods should provide a better understanding of the pro-
gression of cardiac involvement. Also, it might be neces-
sary to compare the cardiac effects of agalsidase alfa with
agalsidase beta. However, the small sample size makes
such a comparison difficult.

In conclusion, the present study is, to our knowledge,
the first to characterize cardiac findings in Japanese chil-
dren and adolescents with FD. Overall, the cardiac func-
tion of these patients was minimally affected. Regarding

the timing of ERT, we cannot recommend an exact time on
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A.Male EF changes after ERT

90
-e- patient3
85 -4 patient6
R T -m- patient 8
- : N -A- patient9
: s -v- patient 13
“ 70 ,~‘* -+ patient 15
85
60+ T T T T )
2 4 [ 8 10
years
C.Male LVMI changes after ERT
1204
-e- patient3
103 | —— patient &
:E K -m- patient8
N . -A- patient9
et 801 -v- patient 13
E - patient 15
-
40 T T : : )
0 2 4 [ 8 10
years

B.Female EF changes after ERT

90
854 -e- patient 16
-A- patient 18
-m- patient 24
ey
60 T T T T 1
0 2 4 6 8 10
years
D.Female LVMI changes after ERT
1204
-e- patient 16
-A- patient 18
-m- patient 24
40 T T T T 1
0 2 4 6 8 10

Fig. 2. Changes in echocardiographic data after ERT in male and female patients
Individual echocardiographic data at various time points are shown. All variables remained within their normal ranges

after the start of ERT, except for LVMI in patient 24 at 3 years after ERT

EF : ejection fraction
LVMI : left ventricular mass index
ERT : enzyme replacement therapy

Dotted lines in C and D represent the value of LVH in each sex

A. Male BNP changes after ERT

50

. -e- patient 3
40 H -4 patient 6
£ /’ -m- patient 8
S 30 JUUTE oET'N ! -A patient9
2 - AN H -v. patient 13
a 20 v g )
E . R . -+ patient 15

10 A A g .
0 I.. T T T T 1
0 2 4 6 8 10
years
Fig. 3. Changes in BNP in male and female patients after ERT

tients but patient 3.

the basis of our present data. However, MVP was present
in some patients at the first cardiac evaluation, and LVH de-
veloped in 1 patient during the follow-up period. There-
fore, an early start of ERT might be necessary in such pa-

The progression of cardiac dysfunction differs

tients.
Therefore, to detect the

greatly in individual patients.
early onset of cardiac dysfunction such biomarkers as atrial

natriuretic peptide, BNP, and troponin T might be use-

Individual data of BNP at various time points are shown.

B. Female BNP changes after ERT

50
40 -e- patient 16
E -A- patient 18
S 30 i
2 -@- patient 24
o
=z
o
0 T T T T 1
0 2 4 6 8
years

The BNP levels remained within the normal range in all pa-

ful. These biomarkers and imaging studies described ear-
lier should be considered to monitor FD in a prospective
manner. A prospective study is needed to clarify the ex-
tent of cardiac involvement and the response to ERT in

children and adolescents with FD.
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