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Abstract

Purpose To describe the anterior segment
optical coherence tomography (AS-OCT)
characteristics of patients with ocular
manifestations of mucopolysaccharidoses
type I (Hurler), II (Hunter), and VI
(Maroteaux—-Lamy).

Methods Prospective, observational study of
nine consecutive patients with variants of
mucopolysaccharidosis (MPS) attending the
Paediatric Ophthalmology service at
Manchester Royal Eye Hospital, UK. All
patients underwent Visante AS-OCT imaging
as part of their ophthalmic assessment.
Results Ocular involvement tended to be
symmetrical. Angle-to-angle distance was
significantly lower in MPS VI than in MPS I
(P=0.04). Anterior chamber depth, angle
opening distance, trabecular-iris space area,
and scleral spur angle tended to be lower in
MPS VI than in MPS I, but did not reach
statistical significance. Corneal thickness in
the central 0-2mm zone was greater in MPS
VI than in MPS I, approaching but not
attaining statistical significance (P =0.07).
The 2-5 and 5-7 mm zones were significantly
thicker in MPS VI than MPS I (P =0.04,

P =0.04). There was no difference in corneal
thickness between MPS I and MPS VI in the
peripheral 7-10 mm zone (P = 0.57).
Measurements of the patient with MPS II
resembled the mean values of the MPS I
group.

Conclusion AS-OCT is valuable in
quantifying anterior segment pathology in
MPS. It suggests more crowded anterior
segments and greater corneal thickness in
patients with MPS VI than MPS 1. AS-OCT
is useful in evaluating the risk and
mechanism of glaucoma in MPS patients,
and may improve our assessment of the
efficacy of systemic treatment.
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Introduction

The mucopolysaccharidoses (MPSs) are a group
of progressive, unremitting, multisystem
lysosomal storage disorders of which there are
several clinical subtypes. The underlying
pathophysiology relates to a defect in specific
lysosomal enzymes responsible for the
catabolism of glycosaminoglycans (GAGs)
including dermatan sulphate, heparan sulphate,
keratan sulphate, and chondroitin sulpha’ce.l
This leads to accumulation of GAGs within the
lysosomes of virtually all tissues of the body,
with a diverse range of clinical phenotypes.
MPS is hereditary, with inheritance being
autosomal recessive apart from MPS II (Hunter)
that is X-linked recessive.! Timely intervention
with treatment modalities such as haemopoietic
stem cell transplantation and enzyme
replacement therapy are known to improve
systemic manifestations, quality of life, and
survival, but their effect on the ocular
complications is less clear.!

With the exception of the relatively recently
described MPS IX (Natowicz), ocular
abnormalities have been described in all
subtypes of MPS. The nature of ocular
involvement varies but includes corneal
opacification, glaucoma, retinopathy, optic disc
swelling, and optic atrophy. However,
assessment and monitoring of such complications
in patients with MPS is difficult because of age,
physical deformity, and, in some cases, learning
difficulties hampering cooperation. Glaucoma is
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particularly difficult to assess because of inaccuracy of
intraocular pressure measurement, the presence of
corneal clouding precluding assessment of the anterior
chamber and angle and visualisation of the optic disc,
and the presence of retinopathy influencing visual
field assessment.

Anterior segment optical coherence tomography
(AS-OCT) is a noncontact, nondestructive imaging
modality capable of producing optical cross-sections of
the anterior structures of the eye, even in the presence of
dense corneal opacity. Resolution is 10-25 times greater
than that of ultrasound biomicroscopy,® and the use of
near-infrared light is helpful for imaging photophobic
patients. The rapid acquisition time is beneficial in the
context of uncooperative patients, with neonates as
young as a few days having been successfully imaged.?
AS-OCT has transformed the way in which
ophthalmologists can assess the eye in a multitude of
conditions. In addition to being of clinical value,
demonstration of pathology can be very helpful with
patient and carer education and may improve treatment
compliance.* AS-OCT provides an invaluable tool for
assessment and monitoring of the ocular complications
in MPS. This article provides, to our knowledge, the first
description of the AS-OCT findings in patients with MPS
I, II, and VI

Materials and methods

Ethical approval was obtained (ethics number:
10/H1013/16 (30 April 2010)). Informed consent was
obtained and the guidelines of the Declaration of
Helsinki (1995) were adhered to throughout.

Nine consecutive patients with known MPS were
prospectively recruited from the paediatric
ophthalmology department at Manchester Royal Eye
Hospital (MREH). Each patient underwent AS-OCT with
the Visante system (version 2.0.1.88; Carl Zeiss Meditec
AG, Jena, Germany). Images were obtained in the
meridian of 180°-0°, thus analysing the temporal and
nasal angles. This formed part of the routine assessment
that also included measurement of intraocular pressure
with either Goldmann applanation (HAAG-STREIT
International, Koeniz, Switzerland) or iCare rebound
tonometry (Icare Finland Oy, Vantaa, Finland).

Using images acquired from AS-OCT, central corneal
thickness (CCT; um) was measured. This was in addition
to more detailed global pachymetric analysis of the
cornea in four zones: the central 0-2 mm zone, the
middle 2-5mm and 5-7 mm zones, and the peripheral
7-10mm zone. In order to analyse the anterior chamber
depth (ACD), CCT was subtracted from the measured
ACD to give the true ACD (mm).

Eye

Angle opening distance (mm) and trabecular-iris space
area (TISA, mm?) at both 500 and 750 um from the scleral
spur were also determined (AOD500, AOD750, TISA500,
TISA750). AOD is the perpendicular distance from
anterior iris to the trabecular meshwork, and is measured
at both 500 and 750 um anterior to the scleral spur. TISA
is the area enclosed by the AOD respectively, the
corneoscleral wall, the anterior iris, and a perpendicular
line drawn between the scleral spur and iris.

Other data obtained from Visante AS-OCT included
angle-to-angle distance (ATA; mm), crystalline lens rise
(CLR; um), and scleral spur angle (SSA; °). ATA is
calculated as the distance between the two iridocorneal
angles (ie, nasal and temporal). CLR is the perpendicular
distance from the straight ATA line and the anterior lens
surface. SSA is a measurement of the angle formed at the
apex of the iris recess, with the arms of the angle passing
through the AOD500 line.

Statistical analysis to compare the MPS I and MPS VI
groups was undertaken with SPSS version 21.0 (SPSS
Inc., Chicago, IL, USA) using the nonparametric
Mann-Whitney U-test. Correlation between dependent
variables was analysed using Pearson’s linear coefficient.
Statistical analysis of the MPS II group was not
undertaken because of there being only one patient in
this group.

Results

Five patients had MPS I (Hurler), one patient had MPS II
(Hunter), and three patients had MPS VI (Maroteaux—
Lamy) (see Tables 1 and 2). All patients had relatively
symmetrical anterior segment involvement between each
eye, and all except the patient with MPS II had corneal
clouding (Table 1). The measurements for the right eye of
each patient were selected for analysis, with the temporal
angle (180°) used for angle-specific measurements (AOD,
TISA, and SSA; Table 2).

MPS I (Hurler)

Anterior segment measurements Patients 3, 4, 5, 7, and
8 had a diagnosis of MPS I (n=5) and all had mild
or moderate corneal clouding (Figures la-d and 2).
CCT (mean = SD) was 560 + 84 yum, and ACD was
2.58 £0.62 mm. Mean ATA was 12.55 + 0.34 mm. Mean
CLR was 449 + 508 um.

Angle-specific measurements (180°) Mean AOD500 and
AOD750 were 0.535+0.361 and 0.727 + 0.459 mm,
respectively. Mean TISA500 and TISA750 were
0.179+£0.122 and 0.341 + 0.224 mm?, respectively. Mean
SSA was 37.3£27.0°.
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Table 1 Summary of anterior segment involvement (note relative symmetry between IOP, CCT, and ACD in each eye)

Patient MPS Age at Corneal  IOP OD IOP OS  IOP  Glaucoma CCT ccr ACD ACD  Hypermetropia
type  assessment  clouding® (mmHg) (mmHg) method OD oS OD oS
(years) (um) (um) (mm) (mm)

5 I 6.4 + 14 17 iCare No 480 510 2.61 2.62  Yes

7 I 6.7 + + 26 27 GAT  Yes, on Trusopt 560 530 1.61 1.56  Yes

3 I 8.1 ++ 14 16 iCare No 520 510 247 248  Yes

8 I 8.5 + + 20 22 iCare No 540 500 3.03 3.00 No

4 I 16.2 ++ 18 18 GAT No 700 660 3.18 3.01 Yes

1 II 5.9 None 22 23 iCare No 510 520 2.30 231  Yes

2 VI 15.3 ++ 33 26 GAT No 620 660 2.15 193 Yes

6 VI 16.4 ++ 22 22 GAT No 640 600 2.26 227  Yes

9 VI 17.7 +++ 30 42 iCare Yes, on Azopt 1110 1240 1.74 1.79  Could not assess

+, Mild; + +, moderate; + + +, severe.
?Corneal clouding as clinically assessed.

Global pachymetry Mean corneal thickness in the central
0-2mm zone was 573 £ 83 um. This increased to

713 +104 yum in the peripheral 7-10mm zone, a mean
difference of 139 + 27 um.

MPS II (Hunter)

Anterior segment measurements Patient 1 was a
5.9-year-old male with MPS II and clinically clear
corneae (Figures 1le and f). Regarding the right eye,
CCT was 510 um and ACD was 2.30 um, lower values
than for the MPS I group. ATA was 12.24 mm and CLR

was 380 um.

Angle-specific measurements (180°) AOD500 and AOD750
were 0.548 and 0.700 mm, respectively. TISA500 and
TISA750 were 0.179 and 0.342 mm?, respectively. SSA
was 48.1°.

Global pachymetry Corneal thickness in the central
0-2 mm zone was 508 um. This increased to 584 ym in the
peripheral 7-10 mm zone, a difference of 76 um.

MPS VI (Maroteaux—Lamy)

Anterior segment measurements Patients 2, 6, and 9 had a
diagnosis of MPS VI (n=3) and marked corneal
clouding, with an age (mean *SD) of 16.5+1.2 years,
thus representing an older group (Figures 1g and h).
Mean CCT was 790 £ 277 um, and mean ACD was
2.05+0.27 mm. Mean ATA was 11.34 + 0.62 mm. Mean
CLR was 737 + 257 ym.

Angle-specific measurements (180°) Mean AOD500 and
AOD750 were 0.20 +0.09 and 0.24 £ 0.13 mm,
respectively. Mean TISA500 and TISA750 were 0.09 + 0.02

and 0.14 + 0.04 mm?, respectively. Mean SSA was
20.5£8.5°

Global pachymetry Mean corneal thickness in the
central 0-2 mm zone was 812 £ 183 um. Mean corneal
thickness in the peripheral 7-10 mm zone was

842 £ 209 um. It should be noted that in two patients,
corneal thickness increased towards the periphery,
as occurs in the normal eye. However, in one patient
with significant central corneal thickening, the
corneal thickness actually decreased peripherally by
a difference of 417 um.

Comparison between MPS I and MPS VI

The right eyes of the MPS I and MPS VI groups (1 =8)
were compared using the nonparametric Mann-Whitney
U-test (15 pairings). Because of low statistical power
secondary to small sample sizes, only very large effects
(U(8)=0 or U(8)=15) were considered significant

(P <0.05). Because of the potential for type II error (false
negative), we have reported the effect size, r, in addition
to the P-value.

The two groups differed in age, with the MPS VI group
tending to be older than the MPS I group. However,
although this difference was large, it did not quite reach
statistical significance (U(8) =14, Z=1.94, P =0.07, effect
size r = —0.69).

ATA was significantly lower in MPS VI than in MPS ],
with a large effect size (U(8) =0, Z= —2.24, P=0.036,
effect size r= —0.79). ACD, AOD500, AOD750,
TISA500, and TISA750 also tended to be lower in
MPS VI than in MPS I, with moderately large effect
sizes (r = — 0.47 for all five parameters). However, these
were not statistically significant (U(8) =3, Z= —1.34,
P =0.25). No statistically significant difference in

Eye
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Table 2 Visante AS-OCT measurements of anterior segment characteristics (further detail, right eye only)

GLOBAL MEAN
DEMOGRAPHICS ANTERIOR CHAMBER TEMPORAL ANGLE (180°)
PACHYMETRY (um)
Age ACD CLR AOD 500 AOD750 TISA500 TISA750 SSA 0-2mm 2-5mm 5-7mm 7-10mm
# MF MPS CCT (um) ATA (mm)
(yrs) (mm) (um) (mm) (mm) (mm2) (mm2) ©) zone zone zone zone
5 M | 6.44 480 2.61 12.65 310 0.859 1.191 0.221 0.490 62.8 522 543 580 635
7 F | 6.67 560 1.61 12.33 1040 0.000 0.000 0.000 0.000 0.0 575 609 668 726
3 F | 8.13 520 2.47 12.56 840 0.585 0.808 0.217 0.391 49.2 541 573 622 652
8 [ | 8.53 540 3.03 13.04 304 0.855 1.013 0.328 0.568 - 514 543 596 662
4 M | 16.22 700 3.18 12.15 -250 0.375 0.625 0.129 0.254 37.2 715 730 785 889
MEAN 9.20 560 2.58 12.55 448.8 0.535 0.727 0.179 0.341 37.3 573 600 650 713
SD 4.03 84 0.62 0.34 508 0.361 0.459 0.122 0.224 27.0 83 78 82 104
1 M ] 5.90 510 2.30 12.24 380 0.548 0.700 0.179 0.342 48.1 508 522 6551 584
2 M \ 15.31 620 2.15 10.73 440 0.295 0.387 0.102 0.185 30.3 685 759 884 993
6 M \ 16.37 640 2.26 11.97 890 0.146 0.147 0.095 0.130 15.3 729 797 874 930
9 M \ 17.68 1110 1.74 11.33 880 0.144 0.194 0.062 0.104 158 1021 989 909 604
MEAN 16.45 790 2.05 11.34 737 0.195 0.243 0.086 0.140 20.467 812 848 889 842
SD 1.19 277 0.27 0.62 257 0.09 0.13 0.02 0.04 8.52 183 123 18 209
Comparison of MPS | with MPS VI (Mann-Whitney U test)
ue) 14 13 3 0 11 3 3 3 3 3 14 15 15 10
z -1.94 1.64 -1.34 -2.24 1.04 -1.34 -1.34 -1.34 -1.34 -1.06 1.94 2.25 2.24 0.75
P 0.07 0.14 0.25 0.04 0.39 0.25 0.25 0.25 0.25 0.4 0.07 0.04 0.04 0.57
Effect
B -0.69 0.58 -0.47 -0.79 0.37 -0.47 -0.47 -0.47 -0.47 -0.38 0.69 0.80 0.79 0.26

CLR (U(8) =11, P=0.39) or SSA (U=3, P=0.40) was
found between the two groups, although there was a

tendency for CLR to be greater and SSA smaller in MPS

Eye

VI than in MPS I (medium effect sizes, »r =0.37 and
r= —0.38, respectively). There was wide variation in
CLR in MPS I, with values both higher and lower than
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Figure1 AS-OCT images of selected patients with MPS. (a) Patient 5: MPS I (OD), (b) patient 5: MPS I (OS), (c) patient 7: MPS I (OD),
(d) patient 7: MPS I (OS), (e) patient 1: MPS II (OD), (f) patient 1: MPS II (OS), (g) patient 9: MPS VI (OD), and (h) patient 9:
MPS VI (OS).

Eye
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Figure 2 Correlation between ACD, AOD500, and CLR (1n=09, right eyes). (a) Negative correlation between CLR and AOD500.
(b) Negative correlation between CLR and ACD. (c) Positive correlation between ACD and AOD500.
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those in MPS VI, in which measurements were more
uniform.

CCT tended to be greater in MPS VI than in MPS I, but
although the effect size was large (r =0.58), this did not
attain statistical significance (U(8) =13, Z=1.64,

P =0.14). A similar but more significant result was
obtained via global pachymetry, with the central 0-2 mm
zone being thicker in MPS VI than in MPS I (U(8) =14,
Z =194, P=0.07, effect size r=0.69). The 2-5mm zone
was significantly thicker in MPS VI than MPS I

(U@®) =15, Z=2.25, P=0.04, effect size r=0.80), as was
the 5-7mm zone (U(8) =15, Z=2.24, P =0.04, effect size
r=0.79). There was no statistically significant difference
between MPS I and MPS VI in the peripheral 7-10 mm
zone (U(8) =10, Z=0.75, P=0.57).

Discussion
Anterior chamber and angle morphology

The amount of published data in terms of AS-OCT
normal values in adults is increasing, but there is a
distinct lack of such normal data for children. One of the
earliest studies of AS-OCT, with measurements made
manually using computer callipers, found a mean
anterior chamber width of 12.53 + 0.47 mm, mean ACD of
2.99 + 0.323 mm, and mean CLR of 0.39+0.27 mm.> A
prospective study of 497 normal, phakic eyes of adults
aged >50 years compared Visante AS-OCT, IOLMaster
(Carl Zeiss Meditec AG), and scanning peripheral
anterior chamber depth analyser (SPAC, Takagi, Japan)
measurements, and the AS-OCT mean ACD was
3.14mm.° A further AS-OCT study of 1069 normal eyes
in Singaporean adults (mean age 56.9 £ 9.5 years) found
mean ACD to be 3.29 + 0.35 mm.” A Canadian study of 40
normal, adult eyes found the mean nasal angle to be
39.32 +3.07°.8 Work conducted in Turkey on 40 normal
eyes, using Visante OCT, found the mean nasal and
temporal angles to be 31.2+8.7° and 32.1 +£8.5°,
respectively.’ Finally, a study comparing AS-OCT with
slit-lamp OCT in 49 normal, Chinese eyes found a mean
temporal AOD500 of 572 + 275 ym, mean temporal
TISA500 of 0.193 £ 0.102mm?, and mean temporal
trabecular-iris angle (TIA, roughly equivalent to SSA) of
39.6 +13.2°.10 This study also found the mean nasal angle
metrics to be narrower than those of the temporal
angle.!”

Although it is likely that age will affect the parameters,
some interesting comparisons can still be made between
these normal adult values and our study of children with
MPS. For example, the mean ATA values in MPS I
(12.55mm) and MPS II (12.53 mm) were very similar to
the mean anterior chamber width found by Goldsmith
et al,> whereas in MPS VI the value was significantly

AS-OCT imaging in mucopolysaccharidosis
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smaller (11.34 mm). Similarly, previously published
values for mean ACD>” are much greater than those in
our MPS VI patients, but only slightly greater than in
MPS I and II. The mean CLR found by Goldsmith et al®
was roughly equivalent to the mean values in MPS I and
II (449 and 380 um, respectively), but much lower than in
MPS VI (737 um). Regarding the angle itself, Leung et al'”
found a considerably greater mean AOD500 and
TISAS500 in their study than we found in MPS VI, but
their values were almost equivalent to our MPS I and
MPS II patients.

Table 1 shows that most of our cohort were
hypermetropic. The influence of refractive error on
Visante AS-OCT values has previously been investigated
in otherwise healthy subjects.!! As one would expect,
hypermetropia resulted in narrower angles than in
myopia, with the mean AOD500 in normal
hypermetropic subjects being 0.372mm and the mean
TISA500 being 0.131 mm?!"' The angle parameters found
in these normal hypermetropic subjects were
considerably less compact than those found in our MPS
VI patients, but similar or more compact than the
patients with MPS T or 1L

As a general rule, each patient in our study had
relatively symmetrical involvement between each eye.
One exception was patient 2 (MPS VI), who had a
considerably greater CLR in his left eye (800 um) than in
his right eye (440 um). This corresponded to a
substantially narrower angle in the left eye in terms of
ACD, SSA, AOD, and TISA, including full closure of the
nasal angle.

In contrast to the other four patients with MPS I and
fairly open angles, patient 7, a 6-year-old female, had
bilateral angle closure (SSA 0°) (Figures 1c and d). The
AOD500 and 750 and the TISA500 and 750 equalled
0mm and 0 mm? bilaterally at both 0° and 180°. Central
corneal thickness was normal (560 um OD, 530 um OS)
and peripheral corneal thickness was similar to the other
patients with MPS 1. ATA was similar to the other MPS I
patients and greater than the MPS VI group (12.33 mm
OD, 12.18 mm OS). However, her ACD was the lowest
(1.61mm OD, 1.56 mm OS) and her CLR the highest
(1040 um OD, 970 um OS) of all the patients studied. This
patient developed raised IOP and glaucomatous optic
neuropathy.

Raised CLR (or lens vault) and low ACD are known
to be risk factors for the development of primary
angle closure (PAC).!2713 Chen et al'* found significant
correlation between decreasing ACD and increasing
risk of PAC (odds ratio =3.59 for 0.2 mm decrease in
ACD). Therefore, attention should be paid to CLR and
ACD, in addition to the parameters specific to the
angle itself when monitoring patients with MPS.
Figures 2a—c shows data for the right eyes from all
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nine patients in our study, revealing strong negative
correlation between CLR and ACD (r= —0.83,
Pearson’s linear coefficient), moderate negative
correlation between CLR and AOD500 (r= —0.52),
and, correspondingly, positive correlation between
ACD and AOD500 (r=0.70).

Corneal thickness

It is well known that differences in CCT affect IOP
estimation in the normal population. Corneal hysteresis
has also been shown to affect IOP readings in normal
patients and those with MPS,! although this was not
investigated in our study. CCT in healthy children is
known to increase up to the age of 11 years, after which it
tends to plateau at ~573 um in white and Hispanic and
551 um in African-American children.!® The majority of
the MPS I group in our cohort had CCT comparable with
or slightly below the CCT of the normal paediatric
population, with a similar conclusion having been
reached by other authors.!” The exception to this was
patient 4 who was considerably older (16.2 years) than
the rest of the MPS I group (mean 7.44 years). This
patient’s CCT was increased (680 um) as compared with
the other MPS I patients, which may correspond with the
natural history of the disease process. However, it should
be noted that this theory is only supported by a single
patient, and therefore warrants further investigation. The
oldest patient in the MPS VI group (patient 9, Figures 1g
and h) also demonstrated a substantially greater CCT
than the two younger patients with the same condition,
although the age differences were only 1.3 and 2.4 years.
In this case, it is perhaps less likely to represent the
natural disease course, as such a change would be
surprising in such a short period. Interestingly, a
previous study of CCT in MPS found no significant
correlation between CCT and age, despite MPS being
progressive in nature.!”

The same study demonstrated moderate correlation
between CCT and the degree of corneal opacification
(r=0.57, Pearson’s linear correlation).!” We subjectively
graded corneal opacification as none, mild, moderate, or
severe, and found a similar association with CCT. Only
the patient with MPS II was graded as having no corneal
opacification (mean CCT 515 ym). One patient with MPS
I had mild opacification (mean CCT 495 um). Six patients
with MPS I and MPS VI had moderate opacification
(mean CCT 587 um). One patient with MPS VI had severe
opacification (mean CCT 1175 um).

In contrast to our study, where there was a trend for
increased CCT compared with the normal range in
patients with MPS VI, a previous study of nine patients
with MPS VI found median CCT to be 547 um (range
492.5-693.05 um), as measured ultrasonographically.'®

Eye

With one exception, global pachymetry in our study
demonstrated an increase in corneal thickness towards
the periphery, as in the normal cornea. Prospero Ponce
et al'® compared Visante AS-OCT with various imaging
modalities in 103 normal subjects and patients with other
corneal pathologies. A peripheral corneal thickness of
515.4 £29.2 um was found in their normal-subject group,
which is well below the peripheral corneal thickness
values we found in patients with MPS I and VL

Differences between central and peripheral corneal
thickness varied between our groups, with the right eyes
of the MPS I group increasing by a mean of 139 +27 ym
towards the periphery. The patient with MPS II had a
smaller increase in thickness of 76 um OD, 73 yum OS
towards the corneal periphery. In the MPS VI group, the
corneal thickness of patient 9 decreased towards the
periphery by —417 yum OD, — 131 um OS, whereas in the
other two patients it increased by a mean 255 um (range
201-308 um).

Summary

Overall, our Visante AS-OCT findings suggest a
narrower and more compact anterior segment and angle
configuration in MPS VI than in MPS L. It should be
noted that because of the small sample size, only very
large effects will be statistically significant. However, all
the effect sizes generated in our analysis were medium to
large, indicating that the dependent variables are all
worthy of further study with greater numbers of patients.

The difference in age between the two groups,
although not statistically significant, is an acknowledged
limitation of the data. Whether our results reflect true
differences between these two MPS subtypes, or just a
natural progression of disease, is a question that can
only be properly addressed by a larger cohort with
age-matched control groups. However, although the one
older patient with MPS I (aged 16.2 years) had an
increased corneal thickness, he had a similar angle
configuration and indeed a greater ACD compared with
the other MPS I patients. This adds substance to the
theory that MPS I is characterised by a more open
anterior segment than is found in MPS VI, despite
age differences.

Our data also show that both MPS I and MPS VI
patients tend to have greater central and peripheral
corneal thickness than the one patient with MPS II. This
appears to correlate with the fact that patients with MPS 1
and VI tend to have corneal clouding, whereas in MPS II
the cornea is usually clinically clear. A larger cohort of
MPS II patients is required to substantiate this finding.

It is clear that the detailed, objective information
regarding corneal thickness, ACD, CLR, and angle
morphology provided by AS-OCT is of great importance



in MPS, particularly in the context of glaucoma
evaluation and management, given the inherent
difficulties in assessing these patients. It is also likely to
have other applications in terms of assessing the efficacy
of nonsurgical treatment and in surgical planning.

Evolving treatment modalities, including bone marrow
and stem cell transplantation (BMT and SCT) and
enzyme replacement therapy (ERT), have been shown
to benefit patients with MPS in terms of both life
expectancy and systemic health.20-2* However, debate
remains surrounding the effect of these treatments on the
ocular manifestations, although animal studies have
demonstrated prevention and/or clearance of corneal
stromal GAGs accumulation following early treatment
with ERT.?® To date, evaluation of ocular response to
treatment has depended on slit-lamp assessment,
ultrasound, and electrodiagnostics.> AS-OCT is likely to
improve this.

Surrogate markers such as visual acuity or patient-
reported symptoms may not always be reliable in
patients with MPS. AS-OCT will facilitate detailed,
regular, and noninvasive monitoring of patients
undergoing treatment in order to ascertain stabilisation
or deterioration in terms of anterior segment
characteristics.

AS-OCT will also be helpful in improving preoperative
planning. Corneal graft surgery, increasingly in the form
of deep anterior lamellar keratoplasty (DALK), can
provide good results in MPS patients, provided visual
potential is not compromised by coexistent posterior
segment involvement. UBM has previously been used to
guide trephination depth,?® but AS-OCT may provide
additional benefits in this domain, as well as improving
assessment of graft integrity postoperatively.

Conclusion

This study is the first to describe AS-OCT characteristics
in patients with MPS, and demonstrates interesting
differences between those MPS subtypes studied.
Despite the limitations of small numbers and age
differences, useful observations have still been made
regarding the different subtypes of MPS within our
cohort, with further reference to published data.

The advent of AS-OCT promises to increase our
knowledge of anterior segment geometry and corneal
thickness in MPS, improving our ability to correlate these
with other variables such as IOP and corneal clarity. The
finding of peripheral corneal thickening on detailed
pachymetry may help elucidate the mechanism of raised
IOP in patients with MPS I and VI. Other metrics such as
ACD, ATA, and CLR are also likely to prove valuable in
the routine assessment of such patients. Large-scale
studies to address the current lack of normal AS-OCT
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data in healthy children would be greatly beneficial—not
just in the context of MPS but also in the evaluation of
other conditions with anterior segment manifestations.

Further work comparing a larger cohort of MPS
patients with age-matched controls, and undertaking
AS-OCT studies on other subtypes of MPS would add to
our understanding. This is likely to require a multicentre
approach because of the rarity of these conditions. In the
meantime, the authors recommend the use of AS-OCT
routinely in the initial evaluation and subsequent follow-
up of patients with MPS.

Summary

What is known about this topic

® Ocular involvement with mucopolysaccharidosis varies
and includes corneal opacification, glaucoma,
retinopathy, optic disc swelling, and optic atrophy.

® Assessment of patients with MPS is difficult because of
age, physical deformity, and, in some cases, learning
difficulties.

® Noncontact, nondestructive OCT with rapid acquisition
time is capable of producing detailed optical anterior
segment cross-sections, despite dense corneal opacity or
poor patient cooperation.

What this study adds
® The first description of AS-OCT findings in patients with
three subtypes of mucopolysaccharidosis.
® DPatients with MPS VI (Maroteaux-Lamy) tend to have a
narrower, more compact anterior segment and angle
configuration than those with MPS I (Hurler).

® Central and peripheral corneal thickness appears greater
in MPS VI than in MPS L
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