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Abstract

Mucopolysaccharidoses, a rare inherited disorder of lysosomal storage, account for less than 0.1%
of all genetic diseases. The penetrance is highly variable and clinically it varies from severe fetal-
neonatal forms to attenuated diseases diagnosed in adult individuals. The majority of the patients
have been reported to show cardiac abnormalities since pediatric age, however, there is a minority
of patients with attenuated disease diagnosed in the adolescent and adult age. The haematopoietic
stem cell transplantation and enzyme replacement therapy are the current therapies for these
disorders. Thanks to these treatments, Mucopolysaccharidoses patients live longer than in the past.
Even though enzyme replacement therapy has been demonstrated to reduce left ventricular mass
in patients with cardiomyopathy, the efficacy on valve abnormalities has not been clearly
demonstrate yet. Furthermore, thanks to the current therapy, to better understanding and to the
advent on new technologies, an increasing number of adolescent and adult patients diagnosed with
MPS are followed up in the adult echocardiographic laboratory. Indeed, a systematic descriptive
study describing the echocardiographic features of valvular involvement and their evolution in
adolescent and adult patients lacks of medical literature and this was the aim of our investigation.
Our results showed that all the valves are affected, mainly the mitral valve with a higher prevalence
compared to the pediatric age. The echocardiographic features of MPS differs from other valvular

disease of adolescent and adult age, and knowing them can avoid misdiagnosis. Our observations



also suggest that the progression of cardiac involvement slows after the initiation of the therapy in

our group of age. Further studies on larger population are required to confirm our results.

Introduction

Mucopolysaccharidoses (MPS) are inherited disorders of lysosomal storage that are caused by
functional enzymes deficiency which are responsible for the degradation of glycosaminoglycans
(GAG) leading to the progressive systemic deposition of GAG and dysfunction of multi-organ
system that differs with the particular deposited GAG and the present of the specific enzyme
mutations [1,2].

MPS account for less than 0.1% of all genetic diseases [1,2]. There are 7 different types, I, 11, III,
IV, VI, VI and IX. according to the different involvement [1-4]. The penetrance is highly variable
and clinically it varies from severe fetal-neonatal forms to attenuated diseases diagnosed in adult
individuals. The majority of the patients have been reported to show cardiac abnormalities since
pediatric age, however, there is a minority of patients with attenuated disease diagnosed in the
adolescent and adult age [1,2]. Cardiac structural abnormalities are present in all types of MPS,
but more commonly in MPS types I, Il and VI. MPS lead to the accumulation of
glycosaminoglycan in various cardiovascular structures. It can cause valvular abnormalities,
myocardial dysfunction, coronary artery disease, arrhythmias, and aortopathy. The haematopoietic
stem cell transplantation (HSCT) and enzyme replacement therapy (ERT) are the current therapies
for these disorders [1-4]. Thanks to these treatments, MPS patients live longer than in the past.
Even though ERT has been demonstrated to reduce left ventricular mass in patients with
cardiomyopathy [3,4], the efficacy on valve abnormalities has not been clearly demonstrate yet.
The most common causes of death include respiratory failure and cardiac failure [5].
Echocardiography is considered gold standard noninvasive imaging modality for detecting cardiac
abnormalities in MPS [1,2,3, 6]. However, in the mild forms, echocardiographic features of MPS
can be misdiagnosed with other cardiac disease as rheumatic heart disease and myxomatous
valves. In pediatric age previous reports have showed in the early stage valvular thickening with
regurgitation, while in the late stage there are worsening of fibrosis and calcification leading to
valve stenosis. Intramyocardial infiltration of pseudohypertrophy (GAGs) is rarely reported

compared to other storage diseases [1-5]. In this scenario, novel echocardiographic tools such as



strain, strain rate and speckle tracking technologies have shown to be useful to detect subclinical
myocardial functional abnormalities [3,4,6]

Furthermore, thanks to the current therapy, to better understanding and to the advent on new
technologies, an increasing number of adolescent and adult patients diagnosed with MPS are
followed up in the adult echocardiographic laboratory.

Indeed, a systematic descriptive study describing the [echocardiographic (E)] features of valvular
involvement and their evolution in adolescent and adult patients lacks of medical literature and

this was the aim of our investigation.

Material and Methods

Inclusion criteria: Patients diagnosed with MPS through enzymatic or genetic examinations
undergoing transthoracic echocardiocardiography at our echocardiographic laboratory were
included.

Exclusion criteria: poor acoustic window.

Study design: observational descriptive retrospective study.

Age: all patients from 14 years and up have been included in our study.

Echocardiography

Individual measurements were made from optimal still frames of cine-loops. Measurements will
be made in millimeters to an accuracy of two decimal places as per machine settings. All the
standard measurements have been performed according to American Society of Echocardiography
(ASE) and European Association of Cardiovascular Imaging (EACVI) guidelines on chamber
quantification 2015 [8].

Mitral valve leaflets thickness, mobility and calcification and involment of subvalvular apparatus,

aortic valve leaflets thickness and tricuspid valve leaflets thickness were measured.

Thickening of valve leaflets

A large autopsy bases study on a 200 patient group determined the various ranges of thickness in
various age groups [9]; valve thickness increased with age, anterior mitral valve leaflet AMVL
thickness was 1.3+0.5 mm in 40 subjects under 20 years of age, 1.6+0.85 mm in subjects 20-59

years of age and 3.2+1.52 mm in subjects 60 years and older. They reported a mean free edge



measurement of aortic valve was 0.67 mm+0.21 mm (range 0.35-1.55 mm) in 40 hearts from
individuals <20 years. Another study among children to determine the normal ranges of valve
thickness reveal in normal children, median AMVL tip thickness was 2.0 mm (IQR 1.7-2.4) and
median AMVL midpoint thickness 2.0 mm (IQR 1.7-2.4). The median aortic valve thickness was
1.5 mm (IQR 1.3-1.6) in the parasternal long axis view and 1.4 mm (IQR 1.2-1.6) in the
parasternal view [10].

To the best of our knowledge no data dealing tricuspid valve and pulmonic valve thickness in
healthy patients have been previously reported. According to these previous investigations, we
considered as thickened the leaflets when the MV leaflets were > 2 mm of thickness and when the

aortic and tricuspid valve leaflets were > 1.5 mm.

Mitral valve

MYV leaflets thickness: anterior mitral valve leaflet (AMVL) thickness was measured at the
midpoint in the clear zone and at the tip of the leaflet in the parasternal long axis (PSLA) view in
diastole, when the AMVL will be approximately parallel to the ventricular septum (Figure 1A).
This will be usually in the still frame of maximal diastolic excursion of the AMVL. Measurements
of the [posterior mitral valve leaflet (PMVL)] thickness was measured at the midpoint in diastole
in a still frame where there will be clear separation of the PMVL from other posterior annulus and
myocardial wall (Figure 1A).

MYV leaflets mobility: The mobility of the leaflets of mitral valve was defined as normal or reduced
when it was not possible to achieve a position parallel during diastole for the anterior mitral leaflet
to the interventricular septum and for the posterior mitral leaflet to posterolateral wall in
parasternal long axis view. The mobility for the anterior mitral leaflet was further assessed for the
marginal or mid segments or involving the whole leaflets. The mobility of posterior mitral leaflet
was categorized as normal and reduced in the parasternal long axis view.

Calcification was diagnosed as present when an increased area of echogenicity of white color was
found and defined as focal when a well circumscribed area was detected or extended when
involving more than the marginal part or the mid part or the basal part of the anterior mitral leaflet.
The calcification of posterior mitral leaflet will be categorized as absent or present in the

parasternal long axis view.



Subvalvular apparatus involvement will be defined as presence of thickening or fusion in the area

adjacent to MV leaflets or extending to the papillary muscles.

Aortic valve
The thickness of right coronary cusp (RCC) and non coronary cusp (NCC) was measured from

PSLA view in systole when the cusps were at maximum excursion (Figure 1B).

Tricuspid valve

The thickness, mobility, calcification of the leaflet of tricuspid valve attached to the myocardial
wall in 4 chamber view in the early diastolic phase when the ultrasound beam is almost
perpendicular to the leaflet were assessed; in the majority of the case the leaflet imaged in this
view is the anterior. Nevertheless, the leaflets identification from this view is a matter of great

controversy due to variability of TV anatomy (Figure 1C).

Pulmonic valve

The pulmonic valve was visualized in short axis view at the level of the great vessels. Function of
the valves was assessed according to the ASE, EACVI, and European Society of Cardiology (ESC)
guidelines [7,8,11]. We considered in our study a valve dysfunction at least a moderate degree of

regurgitation and a mild stenosis were detected.

Statistical analysis

Statistical analysis and estimates were performed using the Statistical Package for the Social
Sciences (SPSS) software version 24.0 for Windows (SPSS Inc, IL, USA) and Microsoft Excel
2017. Categorical variables were evaluated by Chi-square test and continuous values were
compared using paired Student's #-test. Statistical significance was set at p-value <0.05.

Ethics Committee Approval: The study was approved by the ethical committee of our institution

with the number (approval number: RAC 2201151).

Results
In Table 1 are illustrated the general characteristics of the population. Our study group is composed

of 17 adolescent and adult patients affected by MPS with age range from 15 to 48 years. Mostly



of pts were male, affected by type 6 MPS, receiving therapy with ERT. Follow up duration ranged
from 1 to 18 yrs; during this period the patients underwent 46 echo studies. Table 2 shows the
echocardiographic features regarding thickening, valve motion, calcification of the mitral, aorta
and tricuspid valves (Figure 2). The most frequently affected valve was the MV, showing both
leaflets thickening in 88% of patients and reduced valve mobility in 63% of the patients. AMVL
reduced mobility involved mainly the whole leaflet more than being isolated at the tip or the
midpoint since the earlier stage. Same applies for the PMVL. Aortic and tricuspid valves were also
frequently involved, showing an analogue pattern with thickening of 76% on the aortic valve and
82% on the tricuspid valve. The pulmonic valve leaflets are very thin and were difficult to correctly
visualize and measure. However, in 4 cases a clear thickening of the valve was visually noted. The
functional assessment of the valves is illustrated in Table 3, The stenosis was the predominant
dysfunction of the MV being present 52% of the patients as isolated in 29 and as associated with
at least moderate regurgitation in 23 % of the patients. Different results were found on the other
valves: at least moderate regurgitation was the most frequent aortic and tricuspid valve dysfunction
being present in 34% of the patients( 29 isolated and 5 % associated with stenosis) and in the 23%
respectively. The behaviour of the valve thickness over the years of follow up is reported in Table
4. No significant statistical difference in valve thickness from the baseline measurement at younger

age when compared to last measurement done at the oldest age of the follow up was found.

Discussion

Our results showed that all the valves are affected, but predominantly the mitral valve with a higher
prevalence compared to the pediatric population [2,3,5,12,13]. The whole MV leaflets showed
since the earlier stage, but more prominently in the latest stage, typical features such as stiffness
and calcification involving the whole valvular apparatus, evolving in valve stenosis (Figure 2). In
the latest stage, the most common valvular dysfunction was regurgitation in AV and TV. It was
reported that in pediatric age the progression of the disease can show sometimes rapid progression
(2, 3,5, 12, 13). Conversely, we found in our patients a slow progression, likely because they were
under specific treatment. This result can also depend on the longer duration of the treatment and
on a different rate of progression in pediatric age. Moreover, in the previous reports, it was not

well specified whereas the patients were under treatment or not.



Even though uncommon, echocardiography can help to avoid misdiagnose in adolescent and adult
patients affected by attenuated form of MPS. Compared to other valvular diseases, such as
rheumatic heart disease (RHD), the anterior mitral valve leaflet is frequently involved for the
whole length since the earlier stage, while in the earlier stage of RHD only the marginal and mid
parts of the leaflets are involved, with the classical doming and ‘hockey stick’ appearance and the
calcifications are more extended . The plurivalvular involvement as well as that of right sided
valves is less frequent in RHD. The differential diagnosis with myxomatous valves is easier, being

the prolapse never reported in MPS.

Limitations
Limitations of our study are the inherent limitations of any observational study, the small sample
size and the length of follow up. However, being MPS a rare disease it is difficult to have a large

number of patients with a longer follow up. We didn’t report the data on pulmonic valve.

Conclusion

Our results showed that all the valves are affected, mainly the mitral valve with an higher
prevalence compared to the pediatric age. The echocardiographic features of MPS differs from
other valvular disease of adolescent and adult age, and knowing them can avoid misdiagnosis. Our
observations also suggest that the progression of cardiac involvement slows after the initiation of
the therapy in our group of age. Further studies on larger population are required to confirm our

results.
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Table 1. General baseline characteristics.

Pt Age | Gender | Type | Therapy | Age start F/U years Echo studies
number of therapy | adolescent adult | adolescent adult
MPS age
1 17 M VI NO / 3 3
2 45 M II NO / 18 8
3 16 M v ERT 11 2 3
4 15 F VI ERT 6 1 2
5 16 F VI BMT 4 2 5
6 19 F v ERT 11 5 5
7 15 F v ERT 12 1 3
8 17 M VI BMT 5 3 4
9 20 M II ERT 17 4 2
10 15 F v ERT 12 1 2
11 19 M v ERT 14 5 3
12 48 M I No / 18 1
13 15 F VI ERT 13 1 1
14 15 M VI ERT 7 1 2
15 32 F VI NO / 2 1
16 16 F VI ERT 5 2 1
17 16 M VI ERT 5 2 2
Table 2. Valve echocardiographic features adult adolescent age.
Valve Thickening Reduced Diffuse Focal
motion calcification calcification

Anterior MV 88% 63% 47% 23%

leaflet

Posterior MV 86 % 70% 41% 35%

leaflet

Aortic valve 76% 23% 23% 59%

Tricuspid 82% 47% 17% 52%

valve




Table 3. Valve dysfunction adult adolescent age.

Valve Stenosis Regurgitation Mixed stenosis
regurgitation
Mitral 29% 23% 23%
Aortic 23.5% 29% 5%
Tricuspid 5% 23% 0%

Table 4. Valve thickness behaviour.

Valve thickness Mean = STD Mean + STD last p-value
baseline
AMVL (TIP) 0.35+0.11 0.39£0.09 ns
AMVL (MID) 0.31£0.057 0.31£0.05 ns
PMVL 0.29+0.166 0.33£0.081 ns
RCC 0.21£0.06 0.23£0.05 ns
NCC 0.185+£0.05 0.21+0.047 ns
TV 0.26% 0.048 0.27£0.05 ns

Baseline, measurements at younger age in adolescence and adult age; Last, measurements at the oldest age in
adolescence and adult age.



Figure 1. Two-dimensional echocardiography, valve leaflets measurement (see details in the text).
A) Mitral valve leaflets measurements, parasternal long axis view in diastole, anterior mitral valve
leaflet midpoint (white arrow), anterior mitral valve leaflet tip (yellow arrow), posterior mitral
valve leaflet midpoint (red arrow). B) Aortic valve measurements on parasternal long axis view in
systole, right coronary cusp (yellow arrow), non coronary cusp (red arrow). C) Tricuspid valve
measurements, four chamber view in early diastolic phase, (white arrow): anterior tricuspid leaflet.



Figure 2. Transthoracic echocardiography. A-D) Mild valvular involvement involving the whole
cusps and leaflets. A) Short axis at the level of aorta, mild thickening of the margins of the aortic
cusps (white arrows). B) Short axis at the level of aorta: color doppler: mild central aortic
regurgitation. C) Apical view for right ventricle mild thickening of tricuspid valve leaflets. D)
Apical 3 chambers view: mild thickening of mitral valve leaflets. E-F) Significant involvement of
four cardiac valves. E) Parasternal long axis, systole, stiffness, reduced motion, thickening and
calcification of the aortic cusps. F) Short axis view at level of aorta and pulmonic valve, thickening
of pulmonic valve cusps (white arrows). G) Apical 4 chambers view; important stiffness, reduced
motion, thickening and calcification of mitral and tricuspid valve apparati (green arrows: tricuspid
valve leaflets; white arrows: mitral valve leaflets; yellow arrows: mitral subvalvular apparatus
showing severe fusion, matter and calcification). RV, right ventricle; LA, left atrium; LV, left
ventricle; AV, aortic valve; PV, pulmonary valve; TV, tricuspid valve; MV, mitral valve.



