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PURPOSE

Although clinical ophthalmologic findings have been reported, no study documented magnetic
resonance imaging (MRI) findings in mucopolysaccharidosis (MPS) type VI. The aim of this study
was to determine the ophthalmologic imaging findings of MPS type VI in the pediatric age group
retrospectively.

METHODS

Brain MRIs of 10 patients with MPS type VI and 49 healthy children were evaluated independently
by two pediatric radiologists for the following characteristics: globe volume, ocular wall thick-
ness, and optic nerve sheath diameter for each orbit. The means of the measurement of each
group were compared by using an independent t-test. Agreement and bias between reviewers
were assessed by intra-class correlation coefficients (ICC).

RESULTS

A total of 59 children [32 girls (54.23%), 27 boys (45.77%); age range, 4-16 years; mean age,
10.37 + 3.73 years] were included in the study. Statistical analysis revealed smaller eyeballs and
thicker ocular walls of patients with MPS type VI (P < .001 and P < .001, respectively). However,
there was no statistically significant difference in terms of optic nerve sheath diameter between
the two groups (P=.648).

CONCLUSION

Patients with MPS type VI displayed reduced globe volumes and increased ocular wall thick-
nesses compared to the healthy children. Therefore, we recommend that ophthalmologic imag-
ing findings might prove to be an auxiliary tool in the diagnosis of MPS patients.

he mucopolysaccharidoses (MPSs) are defined as a group of lysosomal storage dis-

eases in which an inherited deficiency of one or more of the enzymes involved in

the degradation of glycosaminoglycans (GAGs) occurs, leading to progressive GAG
accumulation in organs and connective tissues of the body. Patients can have hearing
impairment, skeletal deformities, cardiopulmonary disease, neurological, and intellectual
and ophthalmological disorders."?

Neuroradiologic and musculoskeletal findings of MPS have been well described in
the radiology literature.”® Ocular manifestations of MPS patients which include corneal
clouding, ocular hypertension/glaucoma, retinal degeneration, optic disc swelling, and
optic nerve atrophy have been also reported from clinical and/or ophthalmologic per-
spectives.®® To our knowledge, there is no well-documented comparative study regard-
ing the ophthalmologic magnetic resonance imaging (MRI) findings of MPS type VI in
children in the radiology literature. It is important to be familiar with the imaging findings
of ophthalmologic abnormalities in MPS type VI patients in order to avoid diagnostic
confusion.

In this study, we aimed to document ophthalmologic findings of MPS type VI which could
be detected during evaluation of brain MRIs. We hypothesized that significant morphologic
alterations occur in pediatric patients with MPS type VI as assessed by MRI.
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Methods

Patients

This study received institutional review
board approval from our university ethi-
cal committee with a protocol number of
GO 21/275, and the informed consent was
waived. It took a 2-month period from June
through August 2019 for analysis of the
brain MRIs of patients under 18 years of
age. The archives in the database of neu-
roradiology and division of the pediatric
metabolism were used for recruiting sub-
jects in the study. Ten children diagnosed
with MPS type VI and 49 otherwise healthy
children who underwent brain MRI due to
nonspecific complaints such as headache
were evaluated. The inclusion criteria for
children in the control group were being in
the similar age range with the MPS type VI
patients and having scans interpreted as
normal brain and ophthalmologic find-
ings in brain MRI as well as normal physical
examination findings. Exclusion criteria for
the study included motion artifacts, pre-
vious invasive cranial procedures, cranial
deformity, and patient history of orbital or
optical impairment.

Clinical and demographic information
regarding the MPS patients, including
the age at diagnosis and also at initiation
of enzyme replacement therapy, organ
involvement, and causative arylsulfatase B
(ARSB) gene mutations, were retrieved ret-
rospectively from hospital records. Findings
of the ophthalmological examinations
temporally closest to the acquisition of the
brain MRI were also noted.

MRI protocol and image analysis

Finally, brain MRIs of 10 patients with
MPS type VI and 49 healthy children were
evaluated independently by two pedi-
atric radiologists for the following

- Substantial morphologic changes occur
in pediatric patients with mucopolysa
ccharidosis (MPS) type VI as assessed by
magnetic resonance imaging.

- The mean globe volumes of patients with
MPS type VI were statistically smaller, and
the ocular walls of patients with MPS type
VI were statistically thicker than those of
healthy control subjects.

- Ophthalmologic imaging findings may be
one of the tools to aid in the diagnosis of
MPS disease.

characteristics: globe volumes, ocular
wall thicknesses, and optic nerve sheath
diameters for each orbit. All MRI stud-
ies had been performed using 1.5T scan-
ners (Symphony (Siemens) and Achieva
(Philips)) and included routine brain proto-
col sequencesin all pediatric patients. Axial
T2-weighted (W) images (WI) (repetition
time, 3000 ms; echo time, 100 ms; field of
view, 240 mm; matrix, 256 X 256) obtained
with 4 mm slice thickness and 10% inter-
slice gaps were used for all measurements.
Axial sections were used because they are
reproducible and are acquired according
to a well-defined standard view. In addi-
tion, axial images are routinely used in
any basic examination and thus are most
likely imaging series to be available for the
reviewing radiologist. The measurements
were performed using Syngo via (VB10,
Siemens AG) on a workstation. The circum-
ferential area of the globe, including the
walls of the globe, was manually outlined
in all axial contiguous sections of T2W
images, and the volume of each globe was
calculated semi-automatically (Figure 1).
It is not possible to distinguish 3 primary
layers: the sclera (outer), uvea (middle),
and retina (inner layer) of the ocular wall
on brain MRI. Therefore, the thickness of
all sclera-choroid-retinal layers was con-
sidered as ocular wall thickness. Maximum
thickness of ocular wall complex was also
measured for each eye. The optic nerve
sheath was measured diametrically from
10 mm anterior to the optic foramen on
each side (Figure 1).

Statistical analysis

Data analysis was performed by IBM SPSS
Statistics 25.0 software package (IBM Corp.).
We assessed mean + standard deviation (SD)
of globe volumes, ocular wall thicknesses,
and optic nerve sheath diameters for both
patient group and control group. Statistical
significance level was taken as P=0.05.
Descriptive statistics of the data were pre-
sented with n (%). The evaluation of gender
difference between patient group and con-
trol group was assessed using Fisher exact
test. Normalized distributions were shown
as mean + SD. Kolmogorov-Smirnov test
was used as test of normality for each mea-
surement. The means of the measurement
of each group were compared by using
an independent sample t-test. Agreement
and bias between reviewers were assessed
by intra-class correlation coefficients (ICC).
Agreement based on ICCs was interpreted

as follows: 0-0.39=poor, 0.40-0.59=fair,
0.60-0.74=good, and 0.75-1.0=excellent.’
Pearson correlation coefficient has been
calculated to evaluate correlation of globe
volume changes by age of the two groups
(healthy and MPS type VI patients).

Results

A total of 59 children were included
in this study. Thirty-two of 59 children
(54.23%) were female and 27 of 59 chil-
dren (45.77%) were male. Their age ranged
from 4 years to 16 years (mean age: 10.37 +
3.73 years). Five of 10 children with MPS
type VI (50%) were female and 5 of 10 chil-
dren (50%) were male. Their age ranged
from 4 years to 15 years (mean age: 10.40 +
3.84 years). Twenty-seven of 49 healthy
children (55.10%) were female and 22 of
49 healthy children (44.90%) were male.
Their age ranged from 4 years to 16 years
(mean age: 10.37 + 3.72 years). The mean
age and gender did not differ significantly
between both MPS type VI and healthy
group (P=.911 and P=1.000, respectively).

Clinical characteristics of the patients
with MPS type VI are presented in
Table 1. The age at diagnosis ranged from
12 months to 12 years. All patients had the
rapidly progressive form of MPS type VI and
had various degrees of corneal involve-
ment near the time of brain MRI, some with
additional ophthalmological findings as
depicted in Table 1. One patient (patient
no. 1) had bilateral vision loss, attributed to
severe opacification of the cornea due to
GAG deposits. Another patient (patient no.
7) had papilledema due to hydrocephalus.
The diameter of optic sheath-nerve com-
plex was 0.57 cm for right globe, 0.47 cm
for left globe, and the mean diameter was
0.52 cm. This measurement was the same as
the mean value of optic sheath-nerve diam-
eter of MPS type VI patients and was close
to the values of healthy children. Clinically
discernible abnormalities regarding the size
of the globes were not mentioned in the
medical charts.

All patients had normal vitreous signal
intensity, and none had a hemorrhage or
focal lesion in the globe on visual evalu-
ation of MRI. Globe volumes, ocular wall
thicknesses, and optic nerve sheath diam-
eters of MPS type VI patients and healthy
group were normally distributed accord-
ing to Kolmogorov-Smirnov test (both,
P > .05). Mean + SD of globe volumes, ocu-
lar wall thicknesses, and optic nerve sheath
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Figure 1. A 6-year-old boy with MPS type VI. Axial T2-weighted (W) brain MRI shows manual outlining of the right globe for volume measurement (a).

A 12-year-old boy with MPS type VI. Axial T2-weighted brain MRI reveals measurement of ocular walls composing sclera-choroid-retinal layers which seem
thick bilaterally (b). T2W image of another girl with MPS type VI at 5 years of age shows measurement method of optic nerve sheath diameter at 10 mm
anterior to the optic foramen. In this patient, a distended nerve sheath is seen (c). MPS, mucopolysaccharidose; MRI, magnetic resonance imaging.

diameters of MPS type VI and healthy chil-
dren are presented in Table 2. The mean +
SD of globe volumes determined in healthy

group and children with MPS type VI were
13.18 + 1.89 cm®and 11.26 + 1.36 cm?,
respectively. The mean + SD of ocular wall

Table 1. Demographic characteristics, clinical features and ophthalmologic examinations of patients with MPS type VI

thicknesses detected in healthy group was
0.14 + 0.04 cm and was 0.18 + 0.07 cm in
children with MPS type VI. Patients with

Patient Age at Age at

number Sex diagnosis starting ERT Clinical features? Ophthalmologic examination (age) ARSB gene mutations®

1 F 4 years 6 years Macrocephaly, valvulopathy, Corneal clouding with dense stromal €.962T>C (p.Leu321Pro)
ventricular hypertrophy, chronic otitis  deposits, exophthalmos, optic disc
media with effusion, hernias pallor, nystagmus, no visual fixation

(14 years)

2 F 21 months 25years Mild valvulopathy, obstructive sleep Corneal clouding, glaucoma (12 years)  c.962T>C (p.Leu321Pro)
apnea

3 M 3 years 11years  Macrocephaly, obstructive sleep apnea, Corneal stromal clouding, mild c.1036delG
chronic respiratory failure, exophthalmos, increased retinal (p.Leu346Serfs*11)
tracheostomy, valvulopathy, severe vascular tortuosity, palpebral deposits
cervical cord compression, hernias (14 years)

4 M 2 years 6 years Cardiac hypertrophy, severe Corneal clouding myopia, conjunctival  c.962T>C (p.Leu321Pro)
valvulopathy and aortic root dilatation, injection (12 years)
severe cervical cord compression,
hernias, chronic otitis media with
effusion

5 M 12 years 12years  Mild valvulopathy Mild corneal edema (12 years) c.1168G>A (p.Glu390Lys)

6 M 12 months 4 years Macrocephaly, chronic otitis media Corneal clouding (8 years) €.962T>C (p.Leu321Pro)
with effusion, hernias, mild
valvulopathy, severe cervical cord
compression

7 F 4 years 4 years Macrocephaly, hydrocephalus, severe Papilledemas, corneal stromal deposits, ¢.962T>C (p.Leu321Pro)
valvulopathy, heart failure, obstructive  strabismus (4 years)
sleep apnea, pulmonary hypertension

8 M 12months 15 months Valvulopathy, chronic otitis media with  Mild corneal clouding (4 years) ¢.962T>C (p.Leu321Pro)
effusion, hernias

9 F 5 years 6 years Chronic otitis media with effusion, Corneal clouding (11 years) €.962T>C (p.Leu321Pro)
moderate valvulopathy

10 F 4 years 4 years Valvulopathy, heart failure Diffuse corneal clouding, a single €.962T>C (p.Leu321Pro)

retinal drusen (9 years)

aShort stature, skeletal deformities, and dysmorphic facial features are clinical features common to all listed patients. Additional clinical findings are depicted in the table.
bAll patients are homozygous for the listed mutations.

‘Resolved after correction of hydrocephalus.

MPS, mucopolysaccharidose; ERT, enzyme replacement therapy.
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Table 2. Mean + standard deviation and P-values of globe volumes, ocular wall
(sclera-choroidea-retina) thickness, and optic nerve sheath diameter of MPS type VI and
healthy children

Mean + SD pP*
Globe volume (cm?) (MPS type VI) 11.26 + 1.36 <.001
Globe volume (cm?) (healthy group) 13.18 + 1.89
Ocular wall thickness (cm) (MPS type VI) 0.18 + 0.07 <.001
Ocular wall thickness (cm) (healthy group) 0.14 + 0.04
Optic nerve sheath diameter (cm) (MPS type VI) 0.52+0.10 648
Optic nerve sheath diameter (cm) (healthy group) 0.51 +0.07

* independent samples t-test.
SD, standard deviation; MPS, mucopolysaccharidosis.

Figure 2. A 12-year-old healthy boy (a) and 12-year-old boy with MPS type VI (b). Note the smaller
globes and thicker ocular wall layers in the patient compared with the age- and sex-matched healthy
control subject.
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Figure 3. Estimated mean values of globe volumes of children with MPS and healthy control groups
according to age.

MPS type VI had significantly smaller mean
globe volumes and greater ocular wall thick-
nesses than the healthy children (P < .001
and P < .001, respectively) (Figure 2). On
the other hand, the mean + SD of optic
nerve sheath diameters reported in healthy
group and children with MPS type VI were
0.51 + 0.07 cm and 0.52 + 0.10 cm, respec-
tively. Optic nerve sheath diameters did
not differ between the 2 groups (P=.648).
Agreement between reviewers was fair for
globe volume (ICC: 0.554, P < .001), fair
for sclera-choroidea-retina thickness (ICC:
0.531, P < .001), and weak for optic nerve
sheath diameter (ICC: 0.327, P < .001).

The estimated mean values of globe
volume by age of patients with MPS and
healthy volunteers are shown in Figure 3.
For determining correlation of globe vol-
ume changes by age, Pearson correlation
coefficient for healthy children and study
cohort was 0366 (P < .001) and 0.309
(P <.001), respectively.

Discussion

The most important finding of this study
was that the patients with MPS type VI had
smaller globe volumes and thicker ocular
wall layers compared to the healthy chil-
dren. To the best of our knowledge, our
study is the first study which presents the
ophthalmologic imaging abnormalities of
MPS type VI on MRI in the pediatric popu-
lation. These findings may serve as an aux-
iliary criterion in routine clinical evaluation
of MPS.

MPS type VI also known as Maroteaux—
Lamy syndrome is inherited in an autoso-
mal recessive pattern. MPS type Vl is caused
by deficiency of arylsulfatase B (N-acetylg
alactosamine-4-sulfatase), leading to depo-
sition of dermatan sulfate. The signs of
MPS type VI include coarse facial features,
umbilical hernia, skeletal deformities (e.g.,
dysostosis multiplex), restriction of joint
movement, cardiac valvular abnormalities,
hepatosplenomegaly, and macroglossia.
Patients may also present with hydrocepha-
lus and spinal stenosis.

Ocular pathology is also common in
patients with MPS, since the eye as well
as other tissues accumulate excessive
amounts of GAGs. The widespread GAG
accumulation in entire ocular tissue leads
to a vast array of ocular manifestations.
In the literature, there are many articles
describing the typical ocular features
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which include corneal clouding, ocular
hypertension/glaucoma, retinal degen-
eration, and optic nerve atrophy mainly
by ophthalmologists.®”'%'" GAG deposition
within retinal pigment epithelial cells and
in the photoreceptor matrix leads to pro-
gressive photoreceptor loss, retinal degen-
eration, and dysfunction of the remaining
photoreceptors.® Predominantly, retinal
degeneration in patients with MPS type |,
MPS type I, MPS type lll, and MPS type IV
are reported.®® In our study, corneal cloud-
ing due to stromal deposits was observed
in 80% of patients with MPS type VI, and
it was the most common ophthalmologic
finding. In addition, 20% of patients with
MPS type VI had alterations in retinal lay-
ers. Schumacher et al.”> documented his
experience in a total of 65 patients with
MPS (18 type |, 12 type I, and 35 type VI)
and healthy volunteers. Similar to our
findings, they demonstrated thickening
of the sclera MPS type |, II, and VI patients
using ultrasound examination. However,
increased optic nerve sheath thickness
was also revealed in that study. GAG depo-
sition causes thickening of the sclera with
consequent compression of the optic
nerve resulting in optic disk swelling and
subsequent optic nerve atrophy in cases
with prolonged compression.'®'* There are
also many articles that mentioned corneal
thickening and increased corneal rigidity
as a reason for glaucoma in patients with
MPS.101415 |In  histopathological exami-
nation, normal sclera thickness is 1 mm
around the optic disc and 0.6 mm at the
equator. The thickness of the retina is
0.1 mm at the fovea centralis and 0.56 mm
near the optic disc.'®'” Using MRI, we can-
not distinguish the individual layers of the
outer lining of the eyeball. They appear as
a homogeneous hypointense band-like
structure on T2W images. MRI findings in
the current study support the literature
reporting thicker ocular wall layers of the
globe on ophthalmologic examination in
patients with MPS type VI. The maximum
total thickness of the ocular wall in healthy
children was 1.3-1.5 mm, and it was mea-
sured accordance to the sum of single
layers determined by histological mea-
surements. The morphologic changes seen
in the globes of MPS type VI patients could
be due to the accumulation of GAGs in the
ocular wall layers and consequent impair-
ment of normal development.

Patients with Maroteaux-Lamy syn-
drome may have optic atrophy and

swelling or papilledema associated with
hydrocephalus.® In our study, optic sheath-
nerve complex measurements did not
differ significantly between each group.
None but one of our patients had hydro-
cephalus, and in that particular patient, the
optic sheath-nerve complex was almost
the same to the mean values of the healthy
group (0.52 mm vs. 0.51, respectively). Thus,
a different group with more patients with
hydrocephalus would vyield significantly
increased optic sheath-nerve complex. On
the other hand, this could be due to the lim-
itation of thicker slices (4 mm) of brain MRiIs.

Studies have disclosed that age and
gender affect ocular globe volume.'®%
Furthermore, some studies have shown
that any structures of the anterior or pos-
terior eye segments such as the lens, ret-
ina, choroid, and primary vitreous affect
the secondary vitreous enlargement by
producing regulatory growth factors.
Expansion of the secondary vitreous influ-
ences ocular growth. In some diseases
such as retinal dysplasia, insufficient pro-
duction of the secondary vitreous causes
microphthalmia.?'?? In the current study,
there were no differences in the mean age
and gender between both MPS type VI
and the healthy group. Similar to the lit-
erature, globe volumes increased by age
in both groups in our study. However, GAG
accumulation may have caused smaller
ocular globe volumes by thickening and
degeneration in the retinal, choroidal, or
scleral layers. Moreover, ocular wall thick-
ening in the dorsal region of the eyeball
may lead to alterations in the shape of the
eyeball in children with MPS. As we have
a small study group, further studies with
more patients and healthy volunteers are
needed to evaluate age-related changes in
globe volume.

Our study has several limitations. First, it
is a retrospective study, and although we
present ophthalmologic imaging features
of specifically MPS type VI, the number of
patients is still low due to its rarity. Second,
the measurements were performed using
brain MRIs. Because of well-defined physi-
cal ophthalmologic findings, usually oph-
thalmologists do not order orbit MRI in
these patients. Thus, our examination was
limited to the images with 4 mm slice thick-
ness on brain MRIs and such submillimeter
differences can be difficult to detect in rou-
tine brain MRI. Nonetheless, radiologists
should be familiar with smaller globes with
thicker walls in patients with MPS type VI

520. September 2022 - Diagnostic and Interventional Radiology

while reading cases to avoid unnecessary
diagnostic tests.

In conclusion, ocular abnormalities in
MPS type VI often lead to visual impair-
ment. Our MRI findings of smaller globe
volumes and thicker ocular wall layers can
be used as an auxiliary noninvasive tool
in the investigation of suspected children,
and radiologists’ awareness is important to
avoid unnecessary diagnostic tests in these
patients. Therefore, radiologists particularly
should make a point of the routine evalua-
tion of eye globe, while assessing brain MRI
in MPS type VI patients.
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