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ABSTRACT

Aim: To investigate cardiac involvement in patients diagnosed with mucopolysaccharidosis type Ill (MPS Ill) in a university hospital in Turkey.

Materials and Methods: This descriptive cross-sectional study was performed in a university hospital by examining the files of 49 MPS Il

patients who were admitted between January 1998 and December 2019.

Results: The mean age of the participants was 12.24+5.21 years (range: 1-26). The mean age at which the patients underwent echocardiography
was 6.90+4.82 years. MPS IIIA, IlIB, [lIC, and IlID subtypes were present in 24 (49.0%), 19 (38.8%), 5 (10.2%), and 1 (2.0%) patient, respectively.
Among the MPS III patients who had echocardiographic evaluation (n=44), 32 patients (72.7%) had pathological cardiac findings, while 12
patients (27.3%) had normal cardiac findings on echocardiographic examination. The most common cardiac pathologies were those related to
mitral valve [valve insufficiency 52.3% (n=27), valve thickening 43.2% (n=25), and prolapse 38.6% (n=23)]. Tricuspid insufficiency (34.8%, n=8)
was seen only in MPS IIIA. Mitral insufficiency and aortic valve thickening were significantly more common among females (p=0.014, p=0.025,

respectively).

Conclusion: Patients with MPS Ill should be closely monitored for cardiac pathologies and especially mitral valve insufficiency, which are more

prevalent among females.
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Introduction

Mucopolysaccharidoses (MPS) are hereditary lysosomal
storage diseases in which specific enzymes that ensure
the destruction of glycosaminoglycans are deficient due
to genetic defects (1). In this group of diseases, a total of
11 enzyme deficiencies have been identified and examined
under seven types (Type I, II, lll, IVA, VI, VII, IX) (2).

Sanfilippo syndrome [MPS type Il (MPS Il1)] is the most
common type among MPS (3). In MPS IlI, there are four
subtypes (A, B, C, D), all of which are caused by a disruption
in the heparan sulfate catabolism. The enzymes involved
are heparan N-sulfatase (encoded by the SGSH gene), a-N-
acetyl-glucosaminidase (encoded by the NAGLU gene),
acetyl a-glucosaminidase N-acetyltransferase (encoded by
the HGSNAT gene), and N-acetylglucosamine-6-sulphatase
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(encoded by the GNS gene), respectively (4). Although
very rare (1 in 70,000), each of these four subtypes has
devastating effects on children (5). Additionally, MPS IlI
shows autosomal recessive transition (6).

A clinical picture emerges where the central nervous
system is affected and somatic findings are less common.
The clinical course of MPS Ill can be discussed in three
phases (7). In the first period of the disease (usually starting
between 1 to 4 years of age), there is a developmental
delay, especially in speech. In the second period, a marked
behavioral disorder characterized by hyperactivity and
sleep disturbance accompanies the picture. Usually, loss of
skills acquired after ten years and a slow progression to a
vegetative state are monitored eventually. Cardiovascular
system disorders in MPS Il disease have also been reported
in the literature (8,9). However, as in other MPS patients,
significant clinical differences can be observed between
patients.

Data in the literature regarding cardiac involvement in
MPS Il patients is scarce (6), the most common cardiac
findings in patients with MPS were reported as thickening of
the mitral valve with accompanying prolapse, insufficiency,
and less frequently, stenosis (10).

Materials and Methods

We aimed to examine the cardiac involvement in MPS Il
disease in a University Hospital in Ankara, Turkey.

This descriptive cross-sectional study was carried out by
examining the files and records in the hospital automation
system of patients diagnosed with MPS Il who were
admitted between the 1t January 1998 and the 31t December
2019, to Hacettepe University, Department of Pediatric
Metabolism. Data were obtained from the hospital's
electronic medical records (Nucleus automation system,
MONAD software and counseling, Ankara, Turkey) and
the patients’ files. Ethical approval was obtained from the
Hacettepe University Clinical Research Ethics Committee,
and this study was performed in accordance with the ethical
standards of the Declaration of Helsinki (GO 18/901-09).

During the study period, the files of 144 patients
diagnosed with MPS were reviewed. Forty-nine patients
with a diagnosis of MPS Il were included in the analysis
(Figure 1). MPS Il was diagnosed based on the patients’
specific enzyme levels and/or genetic analysis.

Echocardiographic findings were evaluated according
to the subgroups of MPS Il (llIA, 11IB, IIC, and IIID). The
primary outcome variable of the study was “the thickening
of the mitral valve leaflet”. Secondary outcome variables
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Patients diagnosed with MPS (n=144)

Type I; n=11
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Type VL, Type IT; n=14
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Figure 1. Diagnostic distribution of MPS patients (n; number of patients)
MPS: Mucopolysaccharidosis

were mitral valve prolapse, mitral valve insufficiency,
tricuspid valve thickening, tricuspid valve prolapse, tricuspid
insufficiency, atrial valve thickening, bicuspid aorta, atrial
valve prolapse, aortic insufficiency, left ventricular ejection
fraction and fractional shortening, and prognosis. The
independent study variables were age and sex.

Transthoracic echocardiography was performed with
Vivid E9 with an XD clear echocardiography device (GE
Healthcare, General Electric Company, Wauwatosa, WI,
USA). All echocardiographic studies were performed by an
experienced cardiologist with a comprehensive knowledge
of echocardiographic examination. Cardiac chamber
quantifications were made according to pediatric guidelines
(11) and the severity of valvar (aortic, mitral and tricuspid)
regurgitations were defined according to the 2003 guidelines
as absent, mild, moderate or severe (12).

Statistical Analysis

The Statistical Package for the Social Sciences (SPSS)
(SPSS for Windows, Version 25.0, Chicago, IC, USA) program
was used for statistical analysis. The results are presented
as mean and standard deviation for numerical variables,
and frequency and percentage for categorical data. The
suitability of numerical variables to normal distribution
was evaluated using skewness and kurtosis. Parametric
variables were compared with the independent samples
t-test for two groups and One-Way ANOVA for more than
two groups. The chi-square (or Fisher’s exact) test was used
for comparing categorical variables. A p-value of <0.05 was
considered sufficient for statistical significance.

Results

Out of the 144 patients diagnosed with MPS, 49 patients
with a diagnosis of MPS Ill were included in this analysis.
Twenty-six of the patients (53.1%) were female, and twenty-
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three (46.9%) were male. The mean age was 12.24+5.2Tyears
(range: 1-26) (Table | and Table Il). The youngest patient with
cardiac involvement (mitral insufficiency) was 1.5 years
old. When the relationship between cardiac involvement
and age was examined, it was found that the patients’
cardiac involvement increased with age (p=0.031). Nineteen
(43.2%) patients had mitral valve thickening, 32 patients
(72.7%) had pathological cardiac findings, while 12 patients
(27.3%) had normal cardiac findings on echocardiographic
examination. During echocardiographic evaluation, none of
the patients with cardiac involvement had severe pulmonary
involvement, mechanical ventilator support, or any non-
invasive ventilation support. In addition, no cardiomyopathy
findings were found in any of the patients.

While making comparisons between the subtypes, there
was only one patient in the D subtype. Hence, this patient
was not included in the comparisons. However, there was
a statistically significant difference between the subtypes
with respect to tricuspid insufficiency (Table III). Left
ventricular ejection fraction and fractional shortening were
not significantly different between the subtypes (F=0.363,
p=0.698 and F=0.879, p=0.423, respectively).

Concerning the comparisons made according to the
prognosis, there was no significant difference in any
categorical or numerical variables.

When cardiac findings were compared by sex, there was
a substantial difference in some numerical and categorical
variables (Table IV). Although no significant difference was
found between ejection fraction values, a considerable
variation was found between fractional shortening values
(t=1.718, p=0.087 and t=2.278, p=0.033, respectively).

Discussion

Our study demonstrated that the most common
MPS Il was type IlIIA (n=24, 49.0%). Thirty-two patients
(72.7%) had pathological cardiac findings, while 12 patients
(27.3%) had normal cardiac findings on echocardiographic

Table I. Description of categorical variables and dichotomous

cardiac findings

Variable n %

Female 26 53.1
Sex

Male 23 46.9

3A 24 49
T 3B 19 38.8

e
P 3C 5 10.2

3D 1 2

Absent 5 10.2
Echocardiography

Present 44 89.8

Absent 25 56.8
Thickened mitral valve leaflet*

Present 19 43.2

Absent 27 61.4
Mitral valve prolapse*

Present 17 38.6

Absent 21 47.7
Mitral insufficiency* Mild 22 50

Moderate 1 23

Absent 42 95.5
Thickened tricuspid valve*

Present 2 4.5

Absent 43 97.7
Tricuspid valve prolapse*

Present 1 2.3

Absent 36 81.8
Tricuspid insufficiency*

Mild 8 18.2

Absent 43 97.7
Bicuspid aortic valve*

Present 1 2.3

Absent 38 86.4
Aortic valve thickening*

Present 6 13.6

Absent 43 97.7
Aorta valve prolapse*

Present 1 2.3

Absent 37 84.1
Aortic insufficiency* Mild 6 13.6

Moderate 1 2.3

Exitus 6 12.2
Prognosis Follow-up 38 77.6

Unfollowed |5 10.2

*: Only 44 of the 49 patients had echocardiographic evaluation

Table Il. Description of numeric variables and numerical cardiac findings

Variable n Mean SD Min. Max.
Age 49 12.24 5.21 1 26
Age at diagnosis 49 5.25 3.00 0.83 14
Follow-up time 39 6.43 5.19 0.7 19.81
Age at echocardiography* 44 6.90 4.82 0.83 25
Ejection fraction* 44 71.20 4.94 61 81
Fractional shortening* 44 41.91 4.4 33 49

*: Only 44 of the 49 patients had echocardiographic evaluation
SD: Standard deviation, min.: Minimum, max.: Maximum
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Table Ill. Comparison of cardiac findings by subtypes

Variable Subtype Absent Present %2 p-value*

3A 12 Il 1,491 0.520
Thickened mitral valve leaflet 3B il 7

3C 2 0

3A 12 N 2,536 0.309
Mitral valve prolapse 3B 13 5

3C 2 0

3A 9 13 2,154 0.370
Mitral insufficiency 3B il 7

3C 1 1

3A 21 2 2,142 0.542
Thickened tricuspid valve 3B 18 0

3C 2 0

3A 22 1 2,187 1.000
Tricuspid valve prolapse 3B 18 0

3C 2 0

3A 15 8 8,521 0.010
Tricuspid insufficiency 3B 18 0

3C 2 0

3A 22 1 2,187 1.000
Bicuspid aortic valve 3B 18 0

3C 2 0

3A 18 5 2,224 0.414
Aortic valve thickening 3B 17 1

3C 2 0

3A 22 1 2,187 1.000
Aorta valve prolapse 3B 18 0

3C 2 0

3A 18 5 3,914 0.102
Aortic insufficiency 3B 17 1

3C 1 1

%2: Chi-square test value, *Fisher's exact test.

examination. The most common cardiac pathologies were
those related to mitral valve [valve insufficiency 52.3%
(n=27), valve thickening 43.2% (n=25), and prolapse 38.6%
(n=23)]. Tricuspid insufficiency (34.8%, n=8) was seen only
in patients with MPS IlIA. Mitral insufficiency and aortic
valve thickening were significantly more common among
females.

The deposition of heparan sulfate in the tissues leads
to various anomalies. In addition to the symptoms of the
nervous system, in particular, they can cause respiratory,
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ear, nose and throat, musculoskeletal, gastroenterological,
ocular, and cardiac symptoms (13,14).

Followed by pneumonia, cardiorespiratory insufficiency
has been reported to be the most common cause of death
in MPS Ill syndrome (13). However, it is not clear whether the
cause of cardiorespiratory insufficiency is due to respiratory
problems or cardiac origin. Indeed, in our study, we could
not find any evidence that cardiac pathologies increase the

mortality rate.
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Table IV. Comparison of cardiac findings regarding sex
Cardiac findings Sex Absent Present %2 p-value

Female n 13 2,597 0.135
Thickened mitral valve leaflet

Male 14 6

Female 13 1l 1,154 0.359
Mitral valve prolapse

Male 14 6

Female 7 17 7,291 0.014*
Mitral insufficiency

Male 14 6

Female 22 2 1,746 0.493
Thickened tricuspid valve

Male 20 0

Female 23 1 0.853 1.000
Tricuspid valve prolapse

Male 20 0

Female 17 7 4,809 0.054
Tricuspid insufficiency

Male 19 1

Female 24 0 1,228 0.455
Bicuspid aortic valve

Male 19 1

Female 18 6 5,789 0.025
Aortic valve thickening

Male 20 0

Female 23 1 0.853 1.000
Aorta valve prolapse

Male 20 0

Female 19 5 0.957 0.428
Aortic insufficiency

Male 18 2
%2: Chi-square test value, *:

It has been noted that the symptoms of MPS IlIA start
earlier and progress faster than MPS llIB and IlIC (15,16).
Furthermore, it has been reported that the IlIA subtype
is more common in Sanfilippo patients than the other
subtypes (17). Additionally, MPS IlID has been reported to be
very rare and heterogeneous (18,19). Similarly, in our study,
subtype A was more common with a rate of 49% (n=24),
and only one case of subtype D (2%) was detected. Similar
to other studies, the subtype with the most common
pathological cardiac findings was type IlIA. However,
only tricuspid insufficiency was statistically significant.
This finding may be due to difficulties in the analysis of
rare diseases. Although it was stated that subtype A was
diagnosed earlier, our study did not support this data.

It has been reported that the cardiovascular system is
also affected in MPS Il disease. In addition, many studies
have noted that cardiovascular involvement in MPS |, II, and
VI patients are higher than in MPS lll and IV (9, 20-22). MPS
VIl has not been reported on yet as it is very rare (10).

In a study conducted in Spain with 55 MPS IIl patients,
it was reported that only one of the cases with subtype A

had cardiac valve involvement and four of them had mild
cardiomyopathy (17). Also, in a recent study in Taiwan
evaluating the echocardiographic findings of 26 patients
with MPS lll, the incidence of heart valve involvement was
reported as 38% (8). In that study, it was reported that the
most common cardiac pathology was mitral regurgitation,
followed by aortic regurgitation (8).

In another recent study performed with 45 MPS lII
patients, the age at which the first echocardiography was
performed was similar to ours. They reported a slightly
lower incidence (60%) of abnormal cardiac findings than
our result (6). Similarly, in this study, the incidence of mitral
valve problems were more common than other valves.

Compatible with previous studies, in our study, the most
common cardiac pathology was associated with the mitral
valve. In addition, tricuspid valve involvement in MPS llI
patients observed in our study is remarkable and had not
been reported in previous studies. Furthermore, another
important finding of our research is that features of cardiac
involvement may differ by sex. To the best of our knowledge,
our study is the first to mention this significant difference.
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Study Limitations

This is a retrospective study based on hospital records.
Thus, the reliability of the recorded data might be a concern
in this type of research. However, we consider that the
recorded information is reliable since the cardiac evaluations
were performed by an experienced cardiologist with a
comprehensive knowledge concerning echocardiographic
examination. Despite repeated follow-ups of the patients,
the evaluation of all patients was based on their first-
recorded echocardiographic findings. Since MPS is a
progressive disease, it would be of value to observe the
cardiac involvement changes over time.

Conclusion

According to our results, the majority of patients with
MPS Il have cardiac involvement and it is most commonly
related to the mitral valve, therefore these patients should
be closely monitored by echocardiography. Tricuspid
insufficiency was seen only in those patients with MPS
IIA. Mitral insufficiency and aortic valve thickening were
significantly more common among females.

MPS IlIA subtype and female sex may increase the risk of
cardiac pathologies. Although verification by future studies
is warranted, considering the relatively large number of
patients in our study, our results are important.
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