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Abstract

Background: Cardiac abnormalities have been observed in patients with mucopolysaccharidosis (MPS) of any type,
with the most documented abnormalities being valvular heart disease and cardiac hypertrophy. However, few studies
have focused on the cardiac features of MPS IVA.

Methods: We reviewed the medical records, echocardiograms, and electrocardiograms of 32 Taiwanese
patients with MPS IVA (16 males and 16 females; median age, 10.8 years; age range, 1.1 to 29.1 years) as
well as the echocardiographic data of six patients who received enzyme replacement therapy (ERT) for 3–6 years.

Results: Echocardiographic examinations (n = 32) revealed mean z scores of left ventricular mass index (LVMI),
interventricular septum diameter in diastole (IVSd), left ventricular posterior wall diameter in diastole (LVPWd),
and aortic diameter of 0.94, 2.70, 0.39, and 3.26, respectively. Z scores > 2 were identified in 25%, 50%, 29%,
and 69% of the LVMI, IVSd, LVPWd, and aortic diameter values, respectively. Diastolic dysfunction [reversed
ratio between early and late (atrial) ventricular filling velocity (E/A ratio < 1)] was identified in four patients
(13%), however, the ejection fraction was normal (50–75%) in all of the patients. Sixteen patients (50%) had
valvular heart disease and most were of mild degree. Fourteen (44%) had valvular stenosis, and 10 (31%) had
regurgitation. The z scores of LVMI, IVSd, LVPWd, and aortic diameter, the severity scores of aortic stenosis
and regurgitation, and the existence of a thickened interventricular septum were all positively correlated with
increasing age (p < 0.05). For the 14 patients with valve thickening, the z scores of LVMI, IVSd and aortic
diameter were all larger than those of the 18 patients without valve thickening (p < 0.05). For two patients
who started ERT at a younger age (1.4 and 2.8 years, respectively), the z scores for LVMI, IVSd, and LVPWd all
decreased after ERT.

Conclusions: A large proportion of the patients with MPS IVA had valvular heart disease and cardiac hypertrophy.
Cardiac abnormalities worsened with increasing age in accordance with the progressive nature of this disease. ERT
appeared to be effective in stabilizing or reducing cardiac hypertrophy, and better results may have been associated
with starting ERT at a younger age.
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Background
Mucopolysaccharidoses (MPSs; OMIM 252700) are com-
posed of a group of rare genetic disorders caused by defi-
ciencies in specific lysosomal enzymes and involve the
sequential degradation of glycosaminoglycans (GAGs)
which cause substrate accumulation in various cells and
tissues, and progressive multi-organ dysfunction. Seven
distinct types of MPS disorders (I, II, III, IV, VI, VII, and
IX) with 11 specific lysosomal enzyme deficiencies have
been described [1, 2]. The onset and severity of cardiovas-
cular defects differ in each type of MPS, with the most
documented abnormalities being cardiac valve thickening,
valvular regurgitation and stenosis, and cardiac hyper-
trophy [3–10]. It has been reported that valve defects and
cardiomyopathy result from GAG accumulation in the
spongiosa of cardiac valves, myointima of coronary arter-
ies, and myocardium [11]. Mitral or aortic leaflet thicken-
ing and calcification may lead to stenosis or regurgitation,
and deformities in cardiac structures resulting in cardiac
dysfunction can significantly increase morbidity and mor-
tality in patients with MPS [12–14].
Among the different types of MPS diseases, MPS IVA

(Morquio A syndrome; OMIM 253000) is a relatively rare
autosomal recessive inherited disorder caused by N-acetyl-
galactosamine-6-sulfatase (GALNS) deficiency. MPS IVA
can lead to excessive lysosomal storage of GAGs, keratan
sulfate and chondroitin-6-sulfate in various tissues and or-
gans. Patients with MPS IVA generally appear unaffected
at birth, but may develop multiple clinical manifestations
including systemic skeletal chondrodysplasia, short stat-
ure, valvular heart disease, corneal clouding, hearing loss,
malformation of the thorax that impairs respiratory func-
tion, joint abnormalities, odontoid hypoplasia and liga-
mentous laxity, cervical spinal instability and potentially
spinal cord compression [1, 2, 15]. Several studies have de-
scribed the prevalence of cardiac defects in the more com-
mon types of MPS disease [3–10], however, few studies
have focused on the cardiac features of MPS IVA [16–21].
Elosulfase alfa (Vimizim®; BioMarin Pharmaceutical Inc.,
Novato, CA, USA) is a recombinant human GALNS asso-
ciated with increased endurance, reduced urine keratan
sulfate and acceptable safety profile, and it has been ap-
proved as enzyme replacement therapy (ERT) for MPS
IVA [22, 23]. Nonetheless, information regarding the car-
diac characteristics and the long-term cardiac outcomes
of ERT for patients with MPS IVA is limited [10]. The pur-
pose of this study was to investigate the cardiologic fea-
tures of Taiwanese patients with MPS IVA, and evaluate
the impact of ERT on cardiac structure and function.

Methods
Study population
We retrospectively reviewed the medical records, echo-
cardiograms, and electrocardiograms of 32 Taiwanese

patients with MPS IVA (16 males and 16 females; me-
dian age, 10.8 years; age range, 1.1 to 29.1 years) at Mac-
kay Memorial Hospital between July 1999 and April
2018. The diagnosis of MPS IVA was confirmed by
two-dimensional electrophoresis of urinary GAGs and
GALNS activity assays of serum, leukocytes and/or skin
fibroblasts [24]. The echocardiographic data of six pa-
tients with MPS IVA who received 2.0 mg/kg/week
intravenous elosulfase alfa at Mackay Memorial Hospital
for 3–6 years were reviewed. The relationships between
age and each echocardiographic parameter were also an-
alyzed. None of the patients had received ERT or a
hematopoietic stem cell transplantation at baseline.
Written informed consent for cardiac evaluations and
ERT was obtained from a parent for children and from
the patients if they were over 18 years of age. The study
was approved by the Ethics Committee of Mackay Me-
morial Hospital, Taipei, Taiwan.

Measurements of cardiovascular parameters
A Philips Sonos 5500/7500 ultrasound system (Andover,
MA, USA) equipped with electronic transducers from 2
to 8 MHz was used. Data were digitally stored and ana-
lyzed by one experienced cardiologist (MRC) to
minimize inter-observer variations. Diastolic and systolic
diameters were measured using M-mode, and the sys-
tolic function of the left ventricle was evaluated accord-
ing to the ejection fraction obtained using the Teichholz
method [V = 7D3/(2.4 + D), where V = left ventricular
(LV) volume and D = LV diameter] [25]. An ejection
fraction ≧ 55% and shortening fraction ≧ 28% were con-
sidered to be normal. Diastolic filling was established
using the E/A ratio by measuring mitral-inflow as deter-
mined by pattern-peak early filling (E) and late filling
(A) velocities, and systolic function using the shortening
fraction [26]. A reversed E/A ratio (E/A ratio < 1) was
considered to indicate diastolic dysfunction. The severity
of valvular stenosis and regurgitation were estimated
and graded as follows: 0 (none), 1 (mild), 2 (moderate),
and 3 (severe) based on the European Society of Cardi-
ology guidelines [9, 10, 27, 28]: mild AS = valve area >
1.5 cm2 and mean gradient < 30 mmHg; moderate AS =
valve area between 1.0–1.5 cm2 and mean gradient be-
tween 30 and 50 mmHg; severe AS = valve area <
1.0 cm2 and mean gradient > 50 mmHg; mild MS = valve
area > 1.5 cm2 and mean gradient < 5 mmHg; moderate
MS = valve area between 1.0–1.5 cm2 and mean gradient
between 5 and 10 mmHg; severe MS = valve area <
1.0 cm2 and mean gradient > 10 mmHg.
Data on left ventricular mass index (LVMI), right

ventricular end diastolic dimension (RVDd), thicknesses
of the interventricular septum diameters in diastole
(IVSd) and in systole (IVSs), left ventricular internal
diameter in diastole (LVIDd) and in systole (LVIDs),
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thicknesses of the left ventricular posterior wall diam-
eter in diastole (LVPWd) and in systole (LVPWs), aortic
diameter, and left atrial dimension (LAD) obtained by
echocardiographic assessments [29] were recorded. The
measurement of the aorta was made on sinus by lead-
ing edge to leading edge. Thickened valves were defined
according to the study of Sahasakul et al. [30]. These
values were compared with normal values according to
the study of Kampmann et al. [31]. Left ventricular
mass (LVM) was calculated according to the American
Society of Echocardiography simplified cubed equation.
LVM was indexed (LVMI) by height2.7 to normalize the
size of the heart to body size. The LVMI was also calcu-
lated using the Devereux formula and indexed by body
surface area with normal values according to the report
of Poutanen et al. [32]. All of the aforementioned echo-
cardiographic values were transformed into a z score
derived by subtracting the mean reference value from
an individual observed value, and then dividing the dif-
ference by the standard deviation from the reference
value. A z score > 2 was considered to be abnormal. In
addition, 27 patients also had available electrocardio-
graphic (ECG) data.

Data analysis and statistics
The sex, age, height, weight, body mass index, and body
surface area at the time of the study were recorded in
each patient. Descriptive statistics, including means and
standard deviations of all echocardiographic values
were calculated. The relationships between age and dif-
ferent echocardiographic parameters were determined
using Pearson’s correlation coefficient (r), and signifi-
cance was tested using Fisher’s r–z transformations. We
compared biometric characteristics and echocardio-
graphic assessments between patients without valve
thickening versus those with valve thickening using the
Student’s t-test for continuous variables and Fisher’s
exact test for categorical variables. Two-tailed p-values
were computed. All statistical analyses were performed
using SPSS version 11.5 (SPSS Inc., Chicago, Illinois,
USA), and differences with p < 0.05 were considered to
be statistically significant.

Results
Table 1 showed the baseline clinical, echocardiographic
and electrocardiographic features of 32 patients with MPS
IVA. Echocardiographic examinations (n = 32) revealed
that the mean z scores of LVMI, IVSd, LVPWd, and aortic
diameter were 0.94, 2.70, 0.39, and 3.26, respectively
(Table 2). Z scores > 2 were identified in 25%, 50%, 29%,
and 69% of the LVMI, IVSd, LVPWd, and aortic diameter
values, respectively. Diastolic dysfunction (E/A ratio < 1)
was identified in four patients (13%), however, the ejection
fraction (reference ≧ 55%) and shortening fraction

(reference ≧ 28%) values were all normal and revealed
normal systolic function. Sixteen patients (50%) had valvu-
lar heart disease and most were of mild degree. Fourteen
(44%) had valvular stenosis, and 10 (31%) had regurgita-
tion. Valvular stenosis was mild in all but one case who
was adult (No. 32) and that regurgitation was also mild in
all but three cases. No one had stenosis under the age of
5 years. Fourteen (44%) and 12 (38%) patients had mitral
valve disease or aortic valve disease, respectively. Two
(6%) patients had tricuspid valve disease, however none of
the patients had pulmonary valve disease. The most preva-
lent cardiac valve abnormalities were mitral stenosis (38%)
and aortic stenosis (38%), followed by mitral regurgitation
(22%), aortic regurgitation (9%), and tricuspid regurgita-
tion (6%). Overall, 22% and 31% of the patients had mitral
valve prolapse and a thickened interventricular septum,
respectively (Table 3). The z scores of LVMI, IVSd, IVSs,
LVPWd, LVPWs, and aortic diameter, the severity scores
of aortic stenosis and regurgitation, and the existence of a
thickened interventricular septum were all positively cor-
related with increasing age (p < 0.05) (Tables 2 and 3,
Figs. 1 and 2). The mean ages of the patients with and
without valve thickening were 14.4 and 8.7 years, respect-
ively. The mean LVMI values of the patients with and
without valve thickening were 80.9 and 53.9 g/m2.7, re-
spectively. For the 14 patients with valve thickening, the z
scores of LVMI, IVSd, IVSs, LVPWs, and aortic diameter
were all larger than those of the 18 patients without valve
thickening (p < 0.05) (Table 4). Twenty-one patients (78%,
n = 27) had abnormal ECG findings, the most common of
which was the presence of sinus tachycardia (37%),
followed by sinus arrhythmia (33%), right or left axis devi-
ation (19%), and cardiac enlargement (11%). The ECG ab-
normalities were usually of minor clinical significance. For
the seven patients with MPS IVA (age range, 1.4 to
25.8 years) treated with weekly intravenous infusions of
elosulfase alfa (2.0 mg/kg) for 3–6 years, echocardiography
showed a decrease in mean LVMI z score from 0.77 to
0.73, a decrease in mean IVSd z score from 2.42 to 2.17,
and a decrease in mean LVPWd z score from 0.41 to
− 0.50. For the two patients who started ERT at a
younger age (1.4 years and 2.8 years of age, respect-
ively), the z scores for LVMI, IVSd, and LVPWd all
decreased after ERT (Table 5). However, ERT seemed
to have little or no effect on valvular heart disease
(Additional file 1: Table S1).

Discussion
To the best of our knowledge, this is the first report to
describe the cardiac characteristics of Asian patients
with MPS IVA and compare them with normal values
derived from a population that included young adults
according to the study of Kampmann et al. [31], and to
measure the effects of ERT on cardiac structure and
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function in these patients. Few studies have focused on
the cardiac features of patients with MPS IVA [16–21].
Compared with the other types of MPS diseases, due to
the severe skeletal deformities and dysmorphic stature of
patients with MPS IVA, non-skeletal manifestations, in-
cluding cardiovascular and respiratory impairment, have
received relatively little attention [33]. Our results dem-
onstrated that most of the patients with MPS IVA had
cardiac hypertrophy, aortic dilatation, increased thick-
ness of the interventricular septum, normal systolic
function, and mildly valvular heart disease. The cardiac
abnormalities in these patients worsened with increasing
age in accordance with the progressive nature of this
disease. Our results are consistent with those of previous
studies from Caucasian populations [16, 17]. In addition,
ERT appeared to be effective in stabilizing cardiac hyper-
trophy, and better results may have been associated with
starting ERT at a younger age.
Most of the patients with MPS IVA in this study (97%)

had cardiac abnormalities, and only one 1.3-year-old male
patient had normal cardiac features in both echocardiog-
raphy and ECG. Echocardiographic assessments revealed
mean z scores of LVMI, IVSd, LVPWd, and aortic diam-
eter of 0.94, 2.70, 0.39, and 3.26, respectively. Z scores > 2
were identified in 25%, 50%, 29%, and 69% of the LVMI,
IVSd, LVPWd, and aortic diameter values, respectively.
Kampmann et al. [16] reported thickened left ventricles
and aortic root extensions in patients with MPS IVA, and
Bolourchi et al. [34] reported that patients with MPS IVA
had the highest prevalence of aortic root dilatation
(62.5%) among all MPS types. Our results were consistent
with theirs. Although left ventricular systolic function was
normal in all of our patients, diastolic dysfunction with a

reversed E/A ratio (< 1) was identified in four patients
(13%). The general consensus in previous studies has been
that abnormal catabolism of dermatan sulfate in patients
with MPS I, II and VI leads to the accumulation of
dermatan-sulfated GAGs in cardiac valves, resulting in
valvular thickening and other cardiac defects [6, 7]. The
main storage products of MPS IVA are keratan sulfate and
chondroitin sulfate. Therefore, cardiac lesions may be less
prominent in MPS IVA than in MPS I, II, and VI. In our
cohort, substantial cardiac hypertrophy, aortic dilatation,
as well as valvular stenosis and regurgitation were still
present in the patients with MPS IVA, and the severity
also worsened with increasing age.
Deformed mitral or aortic valves were more com-

monly found than tricuspid or pulmonary valves in our
cohort. Previous studies have reported that left-sided
valves are much more commonly involved than
right-sided valves in patients with MPS IVA [17, 18],
which is consistent with our results. There were varying
degrees of valvular deformities, although most of the pa-
tients had mild stenosis or regurgitation [3, 7]. However,
mitral or aortic stenosis was more common than regur-
gitation in our cohort, which is different to the results of
most reports in Caucasian populations [7]. Further stud-
ies are warranted to clarify whether this difference is
caused by actual ethnic differences or an artifact of a
limited sample size.
For the 14 patients with valve thickening, the z scores

of LVMI, IVSd, IVSs, LVPWs, and aortic diameter were
all larger than those of the 18 patients without valve
thickening (p < 0.05). This suggests that the patients with
valve thickening required a higher cardiac muscle mass
and higher heart rate-normalized work index to keep

Table 2 The values of echocardiographic parameters and their relationships with age in the 32 patients with MPS IVA

Echocardiographic parameters LVMI
(z score)

RVDd
(z score)

IVSd
(z score)

IVSs
(z score)

LVIDd
(z score)

LVIDs
(z score)

LVPWd
(z score)

LVPWs
(z score)

AoD
(z score)

LAD
(z score)

Mean (SD) 0.94 1.20 2.70 1.02 0.56 −0.16 0.39 −0.10 3.26 0.22

(2.24) (1.74) (3.02) (1.85) (1.52) (1.06) (1.32) (1.34) (1.64) (1.29)

r value (echocardiographic parameter
versus age)

0.647 −0.276 0.458 0.544 0.248 −0.085 0.409 0.563 0.582 −0.156

p value p < 0.01 p > 0.05 p < 0.01 p < 0.05 p > 0.05 p > 0.05 p < 0.05 p < 0.01 p < 0.01 p > 0.05

MPS, mucopolysaccharidosis; LVMI, left ventricular mass index; RVDd, right ventricular end diastolic dimension; IVSd, interventricular septum thickness in diastole;
IVSs, interventricular septum thickness in systole; LVIDd, left ventricular internal diameter in diastole; LVIDs, left ventricular internal diameter in systole; LVPWd, left
ventricular posterior wall thickness in diastole; LVPWs, left ventricular posterior wall thickness in systole; AoD, aortic diameter; LAD: left atrial dimension; SD,
standard deviation

Table 3 Echocardiographic features of the 32 patients with MPS IVA and the relationships between severity of cardiac valve
abnormalities and age

Echocardiographic features MS MR AS AR TS TR PS PR MVP Thick IVS

% 38% 22% 38% 9% 0% 6% 0% 0% 22% 31%

r value (severity of cardiac valve abnormalities versus age) 0.329 0.109 0.582 0.638 ND 0.008 ND ND 0.062 0.530

p value p>0.05 p>0.05 p<0.01 p<0.01 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p<0.01

MPS mucopolysaccharidosis, MS mitral stenosis, MR mitral regurgitation, AS aortic stenosis, AR aortic regurgitation, TS tricuspid stenosis, TR tricuspid regurgitation,
PS pulmonary stenosis, PR pulmonary regurgitation, MVP mitral valve prolapse, IVS interventricular septum
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cardiac output constant, which is consistent with a pre-
vious report [16].
Seventy-eight percent of our ECGs showed abnormal

findings, although the clinical significance was minor.
The most common finding was sinus tachycardia (37%),
which has frequently been observed in patients with
MPS IVA. Although the underlying mechanism remains
unclear, it seems to be a physiological reflex to maintain
cardiac output in a small-sized heart with impaired

filling patterns [16]. Cardiac enlargement was found in
11% of our patients by ECG, which was not consistent
with the cardiac hypertrophy identified by echocardiog-
raphy, possibly owing to the low electric conductance of
GAGs [8]. Although ECG has been reported to be an
unreliable tool for detecting cardiologic defects in MPS
[8], one patient was found to have an irregular bundle
branch block by ECG in this cohort. Therefore, we sug-
gest that ECG should remain part of the follow-up

Fig. 1 The relationships between age and z scores of LVMI (a), IVSd (b), LVPWd (c), and AoD (d) of the 32 patients with MPS IVA (all p < 0.05).
MPS, mucopolysaccharidosis; LVMI, left ventricular mass index; IVSd, interventricular septum thickness in diastole; LVPWd, left ventricular posterior
wall thickness in diastole; AoD, aortic diameter

Fig. 2 The relationships between age and severity of cardiac valve abnormalities in the 32 patients with MPS IVA (severity score: 3: severe, 2: moderate, 1:
mild, 0: normal). (a) AS, aortic stenosis; (b) AR, aortic regurgitation; (c) MS, mitral stenosis; (d) MR, mitral regurgitation
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Table 4 Biometric characteristics and echocardiographic assessments of the 32 patients with MPS IVA with and without valvular
thickening

Echocardiographic parameter Without valvular thickening (n=18) With valvular thickening (n=14) p value

Gender (male/female) 10/8 6/8 0.492

Age (years) 8.7 ± 5.4 14.4 ± 7.1 0.015

Height (z score) -5.00 ± 3.20 -8.92 ± 3.21 0.002

Weight (z score) -1.83 ± 1.13 -2.63 ± 0.93 0.042

BMI (z score) 0.02 ± 1.06 0.53 ± 1.24 0.219

BSA (m2) 0.70 ± 0.25 0.70 ± 0.08 0.956

LVMI (g/m2.7) 53.9 ± 24.1 80.9 ± 46.6 0.042

LVMI (z score) 0.11 ± 1.86 2.00 ± 2.30 0.015

SF (%) (normal ≧28) 39.3 ± 6.0 43.2 ± 4.6 0.051

RVDd (z score) 1.32 ± 1.35 (n=17) 1.05 ± 2.20 (n=13) 0.683

IVSd (z score) 1.78 ± 1.54 3.89 ± 3.99 0.047

IVSs (z score) 0.40 ± 1.81 1.82 ± 1.63 0.029

LVIDd (z score) 0.44 ± 1.56 0.71 ± 1.51 0.633

LVIDs (z score) -0.03 ± 1.08 -0.33 ± 1.06 0.441

LVPWd (z score) 0.09 ± 1.03 0.76 ± 1.58 0.159

LVPWs (z score) -0.82 ± 0.95 0.83 ± 1.20 0.0001

AoD (z score) 2.56 ± 1.47 4.15 ± 1.44 0.005

LAD (z score) -0.07 ± 0.99 0.58 ± 1.56 0.158

EF 0.70 ± 0.07 0.75 ± 0.05 0.052

With diastolic dysfunction (MV E/A<1) n=1 (6%) n=3 (21%) 0.189

MV E/A (normal≧1) 1.41 ± 0.27 (n=12) 1.16 ± 0.26 (n=14) 0.025

TV E/A (normal≧1) 1.30 ± 0.36 (n=11) 1.31 ± 0.32 (n=10) 0.928

MPS mucopolysaccharidosis, BMI body mass index, BSA body surface area, LVMI left ventricular mass index, SF shortening fraction, RVDd right ventricular end
diastolic dimension, IVSd interventricular septum thickness in diastole, IVSs interventricular septum thickness in systole, LVIDd left ventricular internal diameter in
diastole, LVIDs left ventricular internal diameter in systole, LVPWd left ventricular posterior wall thickness in diastole, LVPWs left ventricular posterior wall thickness
in systole, AoD aortic diameter, LAD left atrial dimension, EF ejection fraction, MV mitral valve, E/A ratio between early and late (atrial) ventricular filling velocity, TV
tricuspid valve

Table 5 Baseline and follow-up echocardiographic parameters of seven Taiwanese patients with MPS IVA who received ERT for 3-6
years

No. Age at start
of ERT (years)

ERT
duration
(years)

LVMI (z score) IVSd (z score) LVPWd (z score)

Baseline Follow-up Baseline Follow-up Baseline Follow-up

1 1.4 6.0 0.44 -1.22 1.8 0.5 1.1 -0.5

2 2.8 3.0 0.46 -1.24 2.0 1.0 0.2 -2.2

6 7.3 4.0 2.47 2.64 1.2 2.2 -0.1 -0.2

11 13.9 3.0 -1.46 0.05 5.2 3.1 0.9 -0.5

20 14.9 4.1 1.09 1.47 4.3 1.9 0.4 0.0

23 16.8 4.1 -1.41 0.25 -0.1 0.5 -1.9 0.1

31 25.8 4.4 3.8 3.17 2.4 6.0 2.3 -0.2

Mean 11.8 4.1 0.77 0.73 2.42 2.17 0.41 -0.50

SD 8.6 1.0 1.92 1.76 1.81 1.94 1.29 0.78

MPS mucopolysaccharidosis, ERT enzyme replacement therapy, LVMI left ventricular mass index, IVSd interventricular septum thickness in diastole, LVPWd left
ventricular posterior wall thickness in diastole, SD standard deviation
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examinations of patients with MPS IVA, especially to
identify changes in conduction or rhythm abnormalities.
Cardiac disease can occur insidiously and lead to early

mortality in patients with MPS IVA [13]. Comprehensive
physical examinations, 12-lead complete ECG, and echo-
cardiography when MPS is diagnosed, followed by rou-
tine cardiac function follow-up are important [35, 36].
Without regular cardiac monitoring, cardiac lesions may
remain undetected because of a lack of physical activity
due to skeletal dysplasia and pulmonary function impair-
ment. If ventricular arrhythmia is detected, 24-h Holter
monitoring should also be considered.
In our cohort, the mean z scores of LVMI, IVSd and

LVPWd all decreased after ERT. This suggests that ERT
has some effect on GAG accumulation in the cardiac tis-
sue of patients with MPS, and thus is effective in redu-
cing cardiac hypertrophy. However, ERT seemed to have
little or no effect on valvular heart disease, which is con-
sistent with previous studies [8, 10, 11, 37–40]. Braunlin
et al. [39] and Kampmann et al. [40] reported that ERT
may have better long-term results when started at an
early age for patients with MPS VI, which is consistent
with our results. Several sibling control studies have also
reported that ERT may prevent or delay the develop-
ment of valvular heart disease when started early in life
[41–45]. As ERT appears to arrest rather than improve
valvular heart disease, starting treatment early may be
indicated. The increasing clinical awareness of MPS dis-
ease and increased ability to make a confirmative diag-
nosis has made an earlier diagnosis possible. Due to the
progressive nature of MPS, initiating ERT before the oc-
currence of irreversible cardiac damage may contribute
to a better clinical outcome. Thus, making an early diag-
nosis through screening programs for newborns or
high-risk populations is of major importance [46–48].

Limitations
As a retrospective and uncontrolled study, there were no
untreated control subjects to compare the cardiac effects
of ERT with our patients. In addition, the small sample
size of patients with MPS IVA and those who received
ERT in this cohort reflect the rare nature of this genetic
disorder. In addition, both the degree of disease severity
and age range (1.1–29.1 years) varied considerably. As a
result, studies with larger cohorts and longer follow-up
periods are warranted.

Conclusion
Our results showed that a substantial proportion of the
patients with MPS IVA had cardiac hypertrophy, aortic
dilatation, and mildly valvular heart disease. The cardiac
abnormalities in these patients worsened with increasing
age in accordance with the progressive nature of this
disease. ERT appeared to be effective in stabilizing or

reducing cardiac hypertrophy, and better results may
have been associated with starting ERT at a younger age.
However, previous sibling studies have suggested that
ERT appears to arrest rather than improve valvular heart
disease. Therefore, it is very important to make an early
diagnosis through screening programs for newborns or
high-risk populations in order to initiate ERT before the
occurrence of irreversible cardiac damage.

Additional file

Additional file 1: Table S1. Baseline and follow-up echocardiographic
assessments for valvular heart disease of seven Taiwanese patients with
MPS IVA who received ERT for 3–6 years (severity score: 3: severe, 2:
moderate, 1: mild, 0: normal). (DOCX 24 kb)
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