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Abstract 

Background:  Cardiac abnormalities have been observed in patients with mucopolysaccharidosis type II (MPS II). The 
aim of this study was to investigate the cardiac features and natural progression of Taiwanese patients with MPS II, and 
evaluate the impact of enzyme replacement therapy (ERT) on cardiac structure and function.

Methods:  The medical records and echocardiograms of 48 Taiwanese patients with MPS II (median age, 6.9 years; 
age range, 0.1–27.9 years) were reviewed. The relationships between age and each echocardiographic parameter 
were analyzed.

Results:  The 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 were 1.10, 2.70, 0.95 and 1.91, respec‑
tively. Z scores > 2 were identified in 33%, 54%, 13%, and 46% for LVMI, IVSd, LVPWd, and aortic diameter, respectively. 
The most prevalent cardiac valve abnormality was mitral regurgitation (MR) (56%), followed by aortic regurgitation 
(AR) (33%). The severity of mitral stenosis (MS), MR, aortic stenosis (AS), AR, and the existence of valvular heart disease 
were all positively correlated with increasing age (p < 0.01). We also compared the echocardiographic parameters 
between two groups: (1) 12 patients who had up to 17 years of follow-up echocardiographic data without ERT, and 
(2) nine patients who had up to 12 years of follow-up data with ERT. The results showed that z-score changes of LVMI 
significantly improved in the patients who received ERT compared to those who did not receive ERT (0.05 versus 1.52, 
p < 0.05). However, the severity score changes of MS, MR, AS, and AR all showed gradual progression in both groups 
(p > 0.05).

Conclusions:  High prevalence rates of valvular heart disease and cardiac hypertrophy were observed in the MPS II 
patients in this study. The existence and severity of cardiac hypertrophy and valvular heart disease in these patients 
worsened with increasing age, reinforcing the concept of the progressive nature of this disease. ERT for MPS II 
appeared to be effective in stabilizing or reducing the progression of cardiac hypertrophy, but it only had a limited 
effect on valvulopathy.
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Introduction
Mucopolysaccharidoses (MPSs; OMIM 252700) are 
a group of lysosomal storage diseases caused by defi-
ciencies in specific lysosomal enzymes that involve the 
sequential catabolism of glycosaminoglycans (GAGs) 
leading to progressive substrate accumulation in vari-
ous tissues and organs. Seven different types of MPS 
disorders (I, II, III, IV, VI, VII, and IX) with 11 specific 
lysosomal enzyme deficiencies have been reported. 
MPS has a variable age at onset of symptoms and vari-
able rate of progression [1]. MPS II (Hunter syndrome; 
OMIM +309900) is an inherited X-linked recessive dis-
ease caused by deficient activity of iduronate-2-sulfatase 
(IDS), which catalyzes a sequential step in the degrada-
tion of the GAGs dermatan sulfate and heparan sulfate. 
Patients with the severe form of MPS II usually manifest 
between 2 and 4  years of age with coarse face, recur-
rent ear, nose, and throat infections, airway obstruction, 
cardiac valve dysplasia, cardiomyopathy, hepatospleno-
megaly, hernias, skeletal deformities, joint stiffness, and 
progressive neurological deterioration, leading to pro-
found cognitive impairment. Patients with the mild form 
of MPS II still have miscellaneous somatic problems, but 
without cognitive impairment [1, 2]. MPS II is one of the 
most common MPSs, with an approximate prevalence of 
1 in 140,000–156,000 live births in Europe [3]. In Asian 
countries, the incidence of MPS II is higher than the 
other types of MPSs [4]. In Taiwan, the incidence of MPS 
II is estimated to be 1 in 94,000 live births [5].

Cardiac valve thickening, valvular regurgitation and 
stenosis, cardiac hypertrophy, and aortic root dilatation 
are common cardiovascular defects of MPS II [6–18]. 
GAG accumulation in the cardiac valves, myocardium, 
great vessels, and coronary arteries leads to valvular 
defects and cardiomyopathy [19]. Valvular stenosis and 
regurgitation caused by mitral or aortic leaflet thicken-
ing, calcification, and cardiac dysfunction resulting from 
deformities in cardiac structures are associated with 
significant increases in morbidity and mortality. Heart 
failure, sudden death from arrhythmias, and coronary 
occlusion are all cardiac causes of death [20–23].

Enzyme replacement therapy (ERT) with recombi-
nant IDS (idursulfase; Elaprase, Shire Human Genetic 
Therapies, Cambridge, MA, USA) has been licensed in 
the United States and the European Union for the treat-
ment of MPS II for over a decade. ERT has been dem-
onstrated to be beneficial for many patients with MPS 
II, with improvements in endurance, joint mobility, lung 
function, and quality of life, especially if started early in 

the course of the disease [24–28]. Previous studies have 
demonstrated that long-term ERT for MPS II reduces 
or at least stabilizes left ventricular mass index (LVMI) 
and interventricular septal hypertrophy, but it does not 
improve valvular regurgitation or stenosis [10, 13, 15, 26, 
28–30]. Nonetheless, only a few reports have focused on 
the natural progression of cardiac alterations and long-
term effects of ERT in MPS II patients in Asia. The pur-
pose of this study was to investigate the cardiac features 
and natural progression of Taiwanese patients with MPS 
II, and evaluate the impact of ERT on cardiac structure 
and function.

Materials and methods
Study population
The medical records and echocardiograms of 48 Tai-
wanese patients with MPS II (mean age, 8.4 ± 6.5 years; 
median age, 6.9  years; age range, 0.1–27.9  years) were 
retrospectively reviewed at MacKay Memorial Hospi-
tal from December 1992 to February 2020. The diagno-
sis of all patients was confirmed by a deficiency of IDS 
activity measured in peripheral leukocytes or fibroblasts, 
two-dimensional electrophoresis of urinary GAGs, quan-
titative determination of dermatan sulfate and heparan 
sulfate using liquid chromatography-mass spectrom-
etry, and/or mutational analysis [31–33]. None of the 
patients had received ERT or hematopoietic stem cell 
transplantation (HSCT) at baseline. We also reviewed 
and analyzed 12 patients with up to 17  years of follow-
up echocardiographic data without ERT or HSCT, and 
nine patients with up to 12 years of follow-up data who 
had received ERT with 0.5 mg/kg/week intravenous idur-
sulfase (Elaprase). Written informed consent for cardiac 
evaluations was obtained from a parent for children and 
from the patients if they were over 18 years of age. This 
study was approved by the Ethics Committee of MacKay 
Memorial Hospital, Taipei, Taiwan.

Measurements of echocardiographic parameters
A Philips Sonos 5500/7500 ultrasound system (And-
over, MA, USA) equipped with electronic trans-
ducers from 2 to 8  MHz was used to measure 
echocardiographic parameters. One experienced car-
diologist (MRC) digitally stored and analyzed the data 
to minimize inter-observer variations. Left ventricular 
(LV) systolic and diastolic diameters were measured in 
M-mode. LV systolic function was assessed on the basis 
of the ejection fraction in accordance with the Simpson 
method. For children, an ejection fraction of < 50% was 
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defined as being abnormal, while for adults, an ejec-
tion fraction of < 52% for men and < 54% for women 
were defined as being abnormal [34]. Asymmetric sep-
tal hypertrophy was considered to be present if the 
LV interventricular septum/posterior wall thickness 
ratio in end-diastole was ≥ 1.5 [35]. Diastolic filling 
was evaluated according to the E/A ratio by measuring 
mitral-inflow using pattern-peak early filling (E) and 
late filling (A) velocities [36]. The presence of diastolic 
dysfunction was indicated by a reversed E/A ratio (E/A 
ratio < 1). The severity of valvular stenosis and regurgi-
tation was evaluated and graded as follows: 0 (none), 1 
(mild), 2 (moderate), and 3 (severe), according to the 
European Society of Cardiology guidelines [37–40]: 
mild aortic stenosis (AS) = a valve area > 1.5 cm2 and a 
mean gradient < 30 mmHg; moderate AS = a valve area 
of 1.0–1.5 cm2 and a mean gradient of 30–50  mmHg; 
severe AS = a valve area < 1.0 cm2 and a mean gradi-
ent > 50  mmHg; mild mitral stenosis (MS) = a valve 
area > 1.5 cm2 and a mean gradient < 5  mmHg; moder-
ate MS = a valve area between 1.0–1.5 cm2 and a mean 
gradient between 5–10  mmHg; and severe MS = a 
valve area < 1.0 cm2 and a mean gradient > 10  mmHg. 
Because of the high frequency of physiological tricus-
pid regurgitation in the general population, we did not 
regard tricuspid regurgitation as a pathological finding 
in this study.

The echocardiographic data of LVMI, right ventricu-
lar end-diastolic dimension (RVDd), interventricular 
septal end-diastolic dimension (IVSd) and end-systolic, 
left ventricular end-diastolic dimension (LVIDd) and 
end-systolic (LVIDs), left ventricular posterior wall end-
diastolic dimension (LVPWd) and end-systolic, aortic 
diameter, and left atrial dimension (LAD) were recorded. 
The relative wall thickness (RWT) was calculated as 
(2 × LVPWd)/LVIDd. Three patterns of LV remodeling 
were defined on the basis of assessments of the LVMI 
and RWT, including concentric remodeling (normal 
LVMI and RWT > 0.42), eccentric hypertrophy (LVMI 
z-score > 2 and RWT ≤ 0.42), and concentric hypertrophy 
(LVMI z-score > 2 and RWT > 0.42) [41]. The aorta was 
measured on the sinus from the leading edge to leading 
edge. LVMI was calculated using the Devereux formula 
and indexed by the height z-score with normal values 
according to the report by Foster et al. [42]. These results 
were compared with normal values based on the study by 
Kampmann et al. [43].

We transformed all echocardiographic parameters into 
a z-score derived by subtracting the mean reference value 
from an individual observed value, then dividing the dif-
ference by the standard deviation from the reference 
value. A z-score value between − 2 and + 2 was consid-
ered to be normal.

Data analysis and statistics
Sex, age, height, weight, and body surface area at the 
time of echocardiographic evaluations were recorded 
for each patient. Descriptive statistics including means 
and standard deviations of all echocardiographic param-
eters were calculated. Relationships between age and 
different echocardiographic parameters were analyzed 
using Pearson’s correlation coefficient (r), and signifi-
cance was assessed using Fisher’s r–z transformations. 
We compared changes in z-scores of LVMI, IVSd, and 
LVPWd, and severity scores of MS, MR, AS, and AR for 
12 patients without ERT compared to nine patients with 
ERT. Two-tailed p values were computed. All statistical 
analyses were performed using SPSS version 11.5 (SPSS 
Inc., Chicago, Illinois, USA). Differences with p < 0.05 
were considered to be statistically significant.

Results
Tables  1 and 2 show the baseline clinical, echocardio-
graphic and mutational studies of the 48 patients with 
MPS II. There were 24 neuronopathic and 24 non-neu-
ronopathic patients in this study. Most of these patients 
(n = 41, 85%) had cardiac abnormalities, and only seven 
who were referred from newborn screening programs 
(Patients No. 1, 2, 4–6, 12, 23) had normal cardiac fea-
tures by echocardiography. The mean z-scores of LVMI, 
IVSd, LVPWd, and aortic diameter were 1.05, 2.66, 0.86 
and 1.97, respectively. Z-scores > 2 were identified in 31%, 
54%, 13%, and 46% for LVMI, IVSd, LVPWd, and aor-
tic diameter, respectively. Z-scores for LVMI, IVSd and 
LVPWd were all positively correlated with increasing age 
(p < 0.05) (Table 3 and Fig. 1). Echocardiographic exami-
nations (n = 48) revealed that 37 patients (77%) had val-
vular heart disease, 17 (35%) had valvular stenosis, and 31 
(65%) had regurgitation. The most prevalent cardiac valve 
abnormality was mitral regurgitation (MR) (54%), fol-
lowed by aortic regurgitation (AR) (35%). Thirteen (27%), 
22 (46%) and four (8%) patients had mitral valve prolapse, 
a thickened IVS, and asymmetric septal hypertrophy, 
respectively. The severity of MS, MR, AS, and AR, and 
the existence of valvular heart disease, LV remodeling 
pattern abnormality, and thick IVS were all positively cor-
related with increasing age (p < 0.01). There is no differ-
ence in cardiac findings between severe and mild forms 
of MPS II (Fig.  2). Diastolic dysfunction [reversed ratio 
between early and late (atrial) ventricular filling veloc-
ity (E/A ratio < 1)] was identified in eight patients (17%), 
however, systolic dysfunction (abnormal ejection frac-
tion) was found in only one patient (2%) (Table  1). Ten 
(21%), four (8%), and three (6%) patients had LV eccen-
tric hypertrophy, concentric remodeling, and concentric 
hypertrophy, and this was associated with a higher risk of 
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Table 2  Baseline clinical, echocardiographic and mutational studies of the 48 patients with MPS II

No Gender MPS 
type

Age
(years)

MS MR AS AR MVP Thick IVS ASH Left ventricular 
remodeling pattern

IDS gene mutation

1 M II (M) 0.1 0 0 0 0 − − − Normal geometry c.817C>T; p.R273W

2 M II (S) 0.1 0 0 0 0 − − − Normal geometry c.311 A>T; p.D104V

3 M II (S) 0.1 0 0 0 0 − − − Normal geometry c.1007-1666_c.1180 + 2113 
delinsTT (including exon 8 del)

4 M II (M) 0.1 0 0 0 0 − − − Normal geometry c.1025A>G; p.H342R

5 M II (S) 0.2 0 0 0 0 − − − Normal geometry c.1400C>T; p.P467L

6 M II (M) 0.4 0 0 0 0 − − − Normal geometry c.254C>T; p.A85V

7 M II (S) 2.1 0 1.5 0 0 + − − Eccentric hypertrophy exon 2 del121-123

8 M II (S) 2.2 0 1 0 0 + − + Eccentric hypertrophy c.240+1G>C

9 M II (S) 2.2 0 0 0 0 − − − Normal geometry IDS inversion

10 M II (S) 3.2 0 1 1 0 + − − Normal geometry IDS intron 7 to IDS2 intron 1, 
254,436 to 294,456 (recom‑
bination)

11 M II (M) 3.3 0 2 0 0 + − − Concentric hypertrophy NA

12 M II (M) 3.4 0 0 0 0 − − − Normal geometry c.1025A>G; p.H342R

13 M II (M) 3.8 1 1 1 0 − + − Normal geometry c.1122C>T; p.Gly374=
14 M II (M) 4.5 0 2 0 1.5 − + − Normal geometry c.683C>T; p.P228L

15 M II (S) 4.5 0 0 0 0 + + − Normal geometry Exon 4–7 deletion

16 M II (M) 4.7 0 0 0 0 − − − Normal geometry NA

17 M II (M) 4.9 0 1 0 0 − + − Concentric remodeling c.507+1G>A

18 M II (S) 5.0 0 1 0 0 + + − Normal geometry c.262C>T; p.R88C

19 M II (S) 5.1 1 0 1 0 − + − Concentric remodeling NA

20 M II (M) 5.6 0 1 0 0 − − + Normal geometry c.253G>A; p.A85T

21 M II (M) 5.6 0 0 0 0 − − − Normal geometry IVS7+5G>C (22 bp ins)

22 M II (S) 6.4 1 1 0 0 − + + Normal geometry NA

23 M II (M) 6.8 0 0 0 0 − − − Normal geometry c.817C>T; p.R273W

24 M II (M) 6.9 0 0 0 0 + + − Normal geometry c.1403G>A; p.R468Q

25 M II (M) 7.0 0 0 0 1 − − − Eccentric hypertrophy IDS inversion

26 M II (S) 7.1 0 0 0 0 − − − Normal geometry c.1402C>T; p.R468W

27 M II (S) 7.8 0 1 1 2 − − − Normal geometry c.454A>C; p.S152R

28 M II (S) 8.0 0 0 0 1.5 − + − Normal geometry c.231_236delCTT​TGC​

29 M II (S) 8.3 0 1 0 1.5 + − − Eccentric hypertrophy c.1466G>A; p.G489D

30 M II (S) 9.9 1 0 1 0 − + − Normal geometry c.262C>T; p.R88C

31 M II (S) 10.6 0 1 0 1 − − − Normal geometry c.1402C>T; p.R468W

32 M II (M) 10.6 1 0 1 0 − + − Normal geometry c.801G>T; p.W267C

33 M II (M) 10.9 0 1 0 2 − + − Eccentric hypertrophy c.1006+5G>C

34 M II (S) 11.0 1 1 0 0 + − − Normal geometry c.253G>A; p.A85T

35 M II (S) 11.4 1 0 0 0.5 − + − Normal geometry NA

36 M II (S) 11.6 1 1 1 1.5 + + + Normal geometry c.413A>G; p.H138R

37 M II (S) 12.1 1 1 0 0 − − − Normal geometry c.1402C>T; p.R468W

38 M II (S) 12.1 0 0 0 0.5 − − − Normal geometry c.801G>T; p.W267C

39 M II (S) 12.2 0 1 0 1 − + − Concentric remodeling c.1454T>G; p.I485R

40 M II (S) 13.2 1 1 1 0 − + − Eccentric hypertrophy c.1402C>T; p.R468W

41 M II (M) 14.8 0 1 0 1.5 + + − Eccentric hypertrophy c.1006+5G>C

42 M II (M) 16.0 2 2.5 2 0 − − − Eccentric hypertrophy c.697A>G; p.R233G

43 M II (M) 17.0 0 1 0 1 + − − Concentric hypertrophy c.1122C>T; p.Gly374=
44 M II (M) 18.1 0 1.5 0 1 + + − Eccentric hypertrophy c.1006+5G>C

45 M II (M) 19.1 1 1 1 0 − + − Eccentric hypertrophy NA

46 M II (M) 21.2 1 0 1 1 − + − Concentric remodeling c.1122C>T; p.Gly374=
47 M II (M) 23.5 2 1 2 1 − + − Concentric hypertrophy c.801G>T; p.W267C

48 M II (M) 27.9 1 1 1 1 − + − Normal geometry del exon 8
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subsequent cardiovascular events compared to the other 
31 patients (65%) with normal LV geometry. Additional 
file 1: Tables 1 and 2 show the detailed data of 12 patients 
with MPS II who had echocardiographic examinations 
after 2.6–17.0  years of follow-up and had not received 
ERT or HSCT. Compared to baseline, the mean z-score 
increases were 1.52, 1.80, and 1.25 for LVMI, IVSd, and 
LVPWd, respectively, indicating the natural progres-
sion of hypertrophic cardiomyopathy. The severity score 
increases were 0.42, 0.54, 0.54, and 0.75 for MS, MR, AS, 
and AR, respectively, indicating the natural deterioration 
of valvulopathy. Additional file 1: Tables 3 and 4 show the 
baseline and follow-up echocardiographic parameters 
of nine patients with MPS II who received ERT for 1.0–
12.4  years. The mean z-score changes were 0.05, -0.24, 
and 0.52 for LVMI, IVSd, and LVPWd, respectively. This 
showed that ERT stabilized or alleviated the natural pro-
gression of hypertrophic cardiomyopathy. In addition, the 
z-score changes of LVMI showed greater improvements 
in patients No. 25, 33, and 20, all of whom started receiv-
ing ERT at a relatively younger age. The z-score changes 
of LVMI in these three patients were -0.64, -0.58, and 
-1.21, respectively (Additional file 1: Table 3). The z-score 
changes of LVMI showed significant improvements in 
the patients who received ERT compared to those who 
did not receive ERT (0.05 versus 1.52, p < 0.05) (Table 4). 
However, the severity scores of MS, MR, AS, and AR all 
revealed gradual progression in both the patients with 
and without ERT (p > 0.05), indicating the limited effects 
of ERT for valvular heart diseases (Table 5).

Discussion
To the best of our knowledge, this is the first report to 
delineate the natural progression of cardiac features and 
long-term effects of ERT in a single Asian population 
with MPS II and compare the results with normal values, 
including young adults, based on the report of Kamp-
mann et al. [43]. Our results demonstrated the high prev-
alence of cardiac hypertrophy, aortic dilatation, increased 
thickness of the IVS, normal systolic function, and valvu-
lar heart disease in MPS II patients. There is no differ-
ence in cardiac findings between severe and mild forms 
of MPS II. The existence and severity of cardiac hypertro-
phy and valvular heart disease in these patients worsened 
with increasing age, reinforcing the concept of the pro-
gressive nature of this disease. ERT for MPS II appeared 
to be effective in stabilizing or reducing cardiac hypertro-
phy, however, the effects on valvulopathy were limited. 

Our results are consistent with those of previous studies 
[6–8, 10–13, 15, 26, 28–30].

Most of the MPS II patients in this cohort (85%) had 
cardiac abnormalities. Only seven patients who were 
referred from newborn screening programs (patients No. 
1, 2, 4–6, 12, 23) had normal cardiac features by echo-
cardiography. Echocardiographic assessments revealed 
mean z-scores of LVMI, IVSd, LVPWd, and aortic diam-
eter of 1.05, 2.66, 0.86 and 1.97, respectively. Z-scores > 2 
were identified in 31%, 54%, 13%, and 46% of the LVMI, 
IVSd, LVPWd, and aortic diameter values, respectively. 
Although LV systolic function was abnormal in only one 
patient (2%), diastolic dysfunction with a reversed E/A 
ratio (< 1) was identified in eight patients (17%). We are 
among the first to present E/A ratio of MPS patients. The 
Hunter Outcome Survey (HOS) data reported by Kamp-
mann et al. [44] showed that LV hypertrophy was present 
in 48% (24/50) of their MPS II patients. Despite the high 
prevalence of valvular dysfunction in their cohort, few 
patients had reductions in ejection fraction. Leal et  al. 
[12] reported that LV hypertrophy and diastolic dysfunc-
tion emerged at an early stage, however, LV dilatation 
and systolic dysfunction occurred at an older age and 
later disease stage, which is consistent with our results.

Bolourchi et  al. [45] reported a high prevalence [35% 
(12/34)] of aortic root dilatation in their cohort of MPS 
I–VII patients. Similarly, 46% (22/48) of our MPS II 
patients had aortic root dilatation. Thus routine screen-
ing for this potentially crucial factor should be incorpo-
rated into the multidisciplinary care for these patients.

Deformed mitral or aortic valves with varying degrees 
of severity were commonly found (77%) in our patients. 
Similarly, the HOS data reported by Kampmann et  al. 
[44] showed that valvular heart disease was present in 
63% (63/100) of their MPS II patients. In our study, mitral 
valve abnormalities (65%) were more prevalent than aor-
tic valve abnormalities (52%), and valvular regurgitation 
(65%) was more common than valvular stenosis (35%), 
which is consistent with previous studies [6, 7, 10–12]. 
In addition, the most prevalent cardiac valve abnormality 
was MR (54%), followed by AR (35%), MS (31%), and AS 
(27%). In agreement with the report by Mohan et al. [8], 
valvular stenosis and regurgitation in our cohort wors-
ened with increasing age, which is consistent with the 
progressive nature of this disease.

Only a few studies have reported the LV remodeling 
pattern in patients with MPS [17]. Each of these three 
patterns was associated with a higher risk of subsequent 

Table 2  (continued)
MPS, mucopolysaccharidosis; MS, mitral stenosis; MR, mitral regurgitation; AS, aortic stenosis; AR, aortic regurgitation; MVP, mitral valve prolapse; IVS, interventricular 
septum; ASH, asymmetric septal hypertrophy; MPS II (S), severe form; MPS II (M), mild form; NA, not available. Severity of valvular stenosis and regurgitation (MS, MR, 
AS, AR) were estimated and graded on the following scores: 0 (none), 1 (mild), 2 (moderate), and 3 (severe)
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cardiovascular events with the composite of cardiovas-
cular death, myocardial infarction, stroke, heart failure, 
or resuscitated cardiac arrest, and a progressively worse 
prognosis than a normal LV morphology.

Previous studies have reported that cardiac disease 
can occur insidiously and lead to early mortality in 
patients with MPS II [20, 21, 23]. Echocardiography is an 
important diagnostic technique to assess cardiac valves, 
ventricular dimensions and function [11]. Therefore, 
comprehensive physical examinations and echocardi-
ography should be conducted when MPS is diagnosed, 
followed by regular cardiac function follow-up examina-
tions [3]. Without routine cardiac monitoring, cardiac 
lesions may remain undetected due to insufficient physi-
cal activity caused by pulmonary function impairment 
and skeletal dysplasia.

In our cohort, natural deterioration of hypertrophic 
cardiomyopathy and valvulopathy were noted after 2.6–
17.0 years of follow-up echocardiography in 12 patients 
who did not receive ERT or HSCT compared to baseline 
data. However, the z-scores of LVMI, IVSd and LVPWd 
in nine patients who received ERT for 1.0–12.4  years 
all revealed stabilization of the natural progression of 
hypertrophic cardiomyopathy. The ages of the patients 
who received ERT are much older than those who did 

not receive ERT. The patients who received ERT started 
with higher z-scores. Despite this older age, the changes 
over time were smaller than those experienced by the 
young patients who did not receive ERT. Therefore, sta-
bilization could be considered a positive response to 
treatment in a progressive disease such as MPS II. This 
suggests that ERT has some effect on GAG accumula-
tion in the cardiac tissue of patients with MPS, and that 
this is effective in alleviating the progression of cardiac 
hypertrophy. However, ERT seemed to have little or no 
effect on valvulopathy, which is consistent with previ-
ous studies [10, 13, 15, 19, 28, 46–48]. Braunlin et al. [47] 
and Kampmann et  al. [48] reported that ERT may have 
better long-term results when started at an early age for 
patients with MPS VI, which is in agreement with our 
results. Several sibling control studies have also reported 
that ERT may prevent or delay the development of val-
vular heart disease when started early in life [49–53]. In 
the recent decade, the increasing clinical awareness of 
MPS disease and increased ability to make a confirmative 
diagnosis has made an earlier diagnosis possible. Due to 
the progressive nature of MPS, initiating ERT before the 
occurrence of irreversible cardiac damage may contrib-
ute to a better clinical outcome. As a result, making an 
early diagnosis through newborn screening programs or 

Fig. 1  The relationships between age and z-scores of a LVMI (r = 0.300, p < 0.05), b IVSd (r = 0.325, p < 0.05), and c LVPWd (r = 0.379, p < 0.01) in 
48 patients with MPS II. The line represents the trendline. The open and closed circles represent mild and severe forms of patients with MPS II, 
respectively. LVMI, left ventricular mass index; IVSd, interventricular septum thickness in diastole; LVPWd, left ventricular posterior wall thickness in 
diastole
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high-risk population screening programs is very impor-
tant [54–57].

Limitations
As a retrospective and uncontrolled study there was 
no healthy control group, so we could not compare the 
echocardiographic parameters between the patients 
and healthy controls. In addition, some patients in this 

cohort did not have follow-up echocardiographic data 
to compare with the baseline data. We used reference 
values from a Caucasian population due to the lack of 
reference values from an Asian population. The small 
number of patients with MPS II reflects the rare nature 
of this genetic disorder. Moreover, both the age range 
(0.1–27.9  years) and degree of disease severity varied 
considerably. Consequently, studies with larger cohorts 
and longer follow-up periods are required.

Fig. 2  The relationships between age and severity of cardiac valve abnormalities in the 48 patients with MPS II (severity score: 3: severe, 2: 
moderate, 1: mild, 0: normal). a MS, mitral stenosis (r = 0.629, p < 0.01); b MR, mitral regurgitation (r = 0.386, p < 0.01); c AS, aortic stenosis (r = 0.510, 
p < 0.01); d AR, aortic regurgitation (r = 0.477, p < 0.01). The blue circles represent the age and severity of cardiac valve abnormalities in the 48 
patients. The open and closed circles represent mild and severe forms of patients with MPS II, respectively

Table 4  The mean age at  baseline and  follow-up, and  changes in  z-scores of  LVMI, IVSd, and  LVPWd for  12 patients 
without ERT compared to nine patients with ERT

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

ERT Age (years) Duration (years) LVMI (z score) Change IVSd (z score) Change LVPWd (z score) Change

Without ERT (n = 12) Baseline 7.3 8.1 (2.6–17.0) 0.83 1.52 2.40 1.80 0.58 1.25

Follow-up 15.4 2.35 4.20 1.82

With ERT (n = 9) Baseline 15.2 7.2 (1.0–12.4) 2.78 0.05 3.01 -0.24 1.68 0.52

Follow-up 22.4 2.83 2.77 2.19

p value p = 0.013 p = 0.069 p = 0.358
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 Conclusion
High prevalence rates of cardiac hypertrophy, aortic 
dilatation, and valvular heart disease were observed in 
the Taiwanese patients with MPS II in this study. The 
cardiac abnormalities in these patients worsened with 
increasing age, reinforcing the concept of the progres-
sive nature of this disease. ERT appeared to be effective 
in stabilizing or reducing cardiac hypertrophy, however, 
there was limited effect on valvulopathy. Therefore, it 
is very important to make an early diagnosis through 
newborn screening programs or high-risk population 
screening programs in order to initiate ERT before the 
occurrence of irreversible cardiac damage. These find-
ings and the follow-up data can be used to develop 
quality of care strategies for these patients.
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