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Dilated Optic Nerve Sheath in Mucopolysaccharidosis I:
Common and Not Necessarily High Intracranial Pressure
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ABSTRACT

SUMMARY: Hydrocephalus is one of the earliest manifestations of mucopolysaccharidosis I-Hurler syndrome, and delayed treat-
ment of hydrocephalus can lead to neurocognitive delay or even death. Optic nerve sheath diameter has been established as a
noninvasive measurement to detect elevated intracranial pressure. This study aimed to establish correlations between optic
nerve sheath diameter and opening pressure. Forty-nine MR images and opening pressures in patients with mucopolysaccharido-
sis I-Hurler syndrome were retrospectively reviewed from 2008 to 2020. The optic nerve sheath diameter was measured 3 mm
posterior to the posterior margin of the globe (retrobulbar) and 10 mm anterior to the optic foramen (midpoint segment), and
the average was taken between the 2 eyes. Opening pressure was measured with the patient in the lateral decubitus position
with controlled end-tidal CO2 on the same day as the MR imaging. The average retrobulbar optic nerve sheath diameter was
5.33 mm, higher than the previously reported measurement in healthy controls, in patients with idiopathic intracranial hyperten-
sion, and there was a positive correlation between age and the optic nerve sheath diameter measured at the retrobulbar or mid-
point segment (retrobulbar segment, R2 ¼ 0.27, P, .01; midpoint segment, R2 ¼ 0.20, P, .01). However, there was no correlation
between retrobulbar or midpoint segment optic nerve sheath diameter and opening pressure (retrobulbar segment,
R2 ¼ 0.02, P ¼ .17; midpoint segment, R2 ¼ 0.03, P, .12). This study shows a higher average optic nerve sheath diameter in
patients with mucopolysaccharidosis I-Hurler syndrome than in healthy controls regardless of the location of the measurement.
However, the degree of optic nerve sheath dilation does not correlate with opening pressure, suggesting that increased optic
nerve sheath diameter is an ocular manifestation of mucopolysaccharidosis I-Hurler syndrome itself rather than a marker of ele-
vated intracranial pressure.

ABBREVIATIONS: GAG ¼ glycosaminoglycan; ICP ¼ intracranial pressure; IIH ¼ idiopathic intracranial hypertension; MPSIH ¼ mucopolysaccharidosis type
I-Hurler syndrome; ONSD ¼ optic nerve sheath diameter; OP ¼ opening pressure

Mucopolysaccharidosis type I-Hurler syndrome (MPSIH) is
a progressive disorder caused by a deficiency of alpha-

L-iduronidase, critical in glycosaminoglycan (GAG) metabo-
lism. Hydrocephalus is one of the earliest manifestations of
MPSIH, and its pathophysiology is theorized to be due to depos-
its of GAG and/or skull abnormalities.1 One study reported that
30.6% of patients developed hydrocephalus before hematopoi-
etic stem cell transplantation and 16.5% of patients required
shunt placement.2 However, patients with MPSIH may also
have profound brain atrophy resulting in ventriculomegaly,
thus making the diagnosis of hydrocephalus challenging.1

Optic nerve sheath diameter (ONSD) has been established as
a reliable predictor for patients suspected of having idiopathic in-
tracranial hypertension (IIH). The subarachnoid space surround-
ing the optic nerve expands in response to elevated intracranial
pressure (ICP), due to its connection to the CSF. It has been
established that patients with IIH have higher ONSDs than
healthy controls.3-5 One case series demonstrated elevated ONSD
in patients with MPSIH compared with a healthy pediatric
cohort, but it was unclear whether this finding was due to ele-
vated ICP or ocular manifestations of MPSIH.6

In this study, the average ONSD and the opening pressure
(OP) were examined and analyzed to see whether the ONSD
could predict elevated ICP in patients with MPSIH.

MATERIALS AND METHODS
All patients with MPSIH who were treated with stem cell trans-
plantation between the 2008 and 2020 at the University of
Minnesota were retrospectively reviewed. Patients who had
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concomitant brain MR imaging studies under sedation and
lumbar punctures with OP measurements during the pretrans-
plant evaluation were identified. Patients with ventriculoperito-
neal shunts and those without documented OPs were excluded.
The ONSD was measured perpendicular to the optic nerve on
axial T2-weighted images (either 1-mm reconstructed images
when 3D T2-weighted images were obtained or 3 mm when 2D
T2-weighted turbo spin-echo images were obtained) in 2 loca-
tions, approximately 3 mm posterior to the optic disc (retro-
bulbar segment) and approximately 10 mm anterior to the
orbital apex (midpoint segment) (Fig 1). Measurements from
both eyes were obtained, and the average of each patient was
considered in the analysis. Although the institutional imaging
protocol has changed and occasionally images were obtained
outside our institution, the measurements could be easily
and reliably obtained in all cases. The consensus review was
achieved between a neurosurgery resident and a neuroradiolo-
gist attending. OP was obtained with the patient under sedation
via lumbar puncture in the lateral decubitus position with 25–
40 mm Hg of end-tidal CO2. The results were reported as mean
and 95% confidence interval. The ONSD was plotted versus age,

and the OP was plotted versus ONSD. Correlation coefficients
were reported.

RESULTS
Sixty-six patients were reviewed retrospectively, and 6 patients

with shunts were excluded from the analysis. Sixteen patients

who never had documented OP were excluded. A total of 44

measurements of the OP were recorded with an average of 22.3

cm H2O (95% CI, 0.1–24.5 cm H2O). Forty-four MR imaging

brain scans were examined for the ONSD: The retrobulbar seg-

ment average was 5.33 mm (95% CI, 5.07–5.58 mm), and the

midpoint segment average was 4.68 mm (95% CI, 4.46–4.90

mm; P, .01). The average ONSD was further stratified into 3

age groups, 0–1 year (n ¼ 16), 1–2 years (n ¼ 22), and .2 years

(n¼ 6) as shown in the Table. There was an increase in the aver-

age ONSD measured both at the retrobulbar and midpoint

segments from 0–1 to 1–2 years: 4.67–5.75mm (P, .01) and

4.09–5.06mm (P, .01) (Table). There was a statistically signifi-

cant correlation between age and the ONSD at the retrobulbar

segment (R2 ¼ 0.27, P, .01) and midpoint (R2 ¼ 0.20, P, .01)

(Fig 2). However, while there was a

trend toward increased ICP with

increased ONSD at the retrobulbar

segment (R2 ¼ 0.02, P ¼ .17) and mid-

point (R2 ¼ 0.03, P ¼ .12), this did not

reach statistical significance (Fig 3).

DISCUSSION
MPSIH is a severe lysosomal storage
disease, and one of the earliest mani-
festations is hydrocephalus. Delayed
recognition and treatment can lead to
neurocognitive developmental delay or
even mortality.7,8 Moreover, it has
been previously shown that the average

FIG 1. A, Axial T2-weighted MR image of the brain shows white sold lines indicating the retro-
bulbar ONSD and white dashed lines indicating the midpoint of the ONSD. This patient’s OP was
elevated at 31 cm H2O, while the average ONSD was 5.8mm at the retrobulbar area and 5.4mm
at the midpoint. B, Axial T2-weighted MR image of the brain shows white solid lines indicating
the retrobulbar ONSD and white dashed lines indicating the midpoint ONSD. The courses of the
optic nerves in this patient are more tortuous than those in the patient shown in A. This patient’s
OP was normal at 17 cm H2O, while the average ONSD was 8.3mm at the retrobulbar area and
6.5mm at the midpoint.

FIG 2. A, Scatterplot between retrobulbar ONSD and age shows a positive correlation (R2 ¼ 0.27, P, .01). B, Scatterplot between the midpoint
ONSD and age shows a positive correlation (R2 ¼ 0.20, P, .01).
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OP is elevated in the MPSIH cohort compared with the healthy
pediatric population.9 ONSD has been recognized as a useful,
noninvasive measurement to detect elevated intracranial pres-
sure. The subarachnoid space between the optic nerve sheath
and the optic nerve widens as the intracranial pressure increases
due to its connection to the intracranial CSF. Multiple studies
have examined its utility in patients with suspected IIH and
have established the average values in pediatric populations and
the pediatric IIH populations.3-5,10

However, there is controversy regarding the best location
along the optic nerve for the ONSD assessment, and the tech-
nique and measurements often vary from study to study. While
most studies report retrobulbar measurements, some authors
strongly advocate midpoint measurements. One reason is that
histologic studies have shown that the dura close to the globe is
more capacious and the dura close to the optic foramen becomes
tighter. Eye movement can alter the shape and diameter of the
loose dura that is close to the globe. Another reason is that the
retrobulbar dura can also be affected by the ocular pathology
itself and lead to an increase in the ONSD.11 With greater retro-
bulbar ONSD in this study, it confirmed the previous finding that
retrobulbar ONSDs are larger than midpoint ONSDs due to the
larger subarachnoid space in the immediate retrobulbar region
than in the midpoint segment posterior to the globe (Table).

Janthanimi and Dumrongpisutikul12 reported a retrobulbar
ONSD of 4.81 mm for 0–1 year, 5.0mm for 1–2 years, 4.9mm for
2–3 years, and 5.2 mm for 3–4 years in healthy patients. Shofty et
al13 measured the midpoint ONSD in healthy children and chil-
dren with IIH, stratified by age groups. They reported that among
children younger than 3 years of age, an average of 3.1mm was

measured in the healthy cohort compared with 4.35mm in the
IIH cohort. Unfortunately, there are no reported reference meas-
urements in the literature in patients with MPSIH. There are
prior case series reporting optic nerve edema in more than one-
half of the cohort, with 1 study reporting an average retrobulbar
ONSD of 5.25–6.71 mm, markedly more elevated than in a
healthy population, and another study of 66 patients with the
diagnosis of mucopolysaccharidosis I, II, and VI, comparable
with the mean ONSD of 5.33mm in our study.6,14,15

Contrary to the prevalence of increased ONSD, 1 study
reported 30.6% of patients developing hydrocephalus before
treatment, with only 16.5% eventually requiring shunt place-
ment.2 Therefore, it was unclear whether the mechanism of the
increase in ONSD is intracranial hypertension or GAG deposits
in the subarachnoid space or a combination of both.6

In this study, we examined pediatric patients who did not
have shunts and reported average retrobulbar ONSDs of 5.33
mm, which is higher than the previously reported mean in
healthy cohorts and patients with IIH.13 When the measure-
ments were further broken down by age group, the ONSD in
our cohort was larger than that in the study of Janthanimi and
Dumrongpisutikul12 in every patient age group except in the 0-
to 1-year group (Table). These findings re-demonstrate the pre-
vious finding that the ONSD in patients with MPSIH is larger
than that in healthy cohorts. The increase in the ONSD with age
also illustrates a similar pattern observed in healthy cohorts, but
it is unclear whether the relationship between ONSD and age is
a manifestation of normal physiological change or further
deposits of GAG (Fig 2).13 Most interesting, in our study, a
sharp increase in the ONSD was observed from 0–1 year to 1–2

Number of ONSDs, average ONSD, and 95% CI stratified by age
Age Group (yr) No. Average Retrobulbar ONSD (mm) 95% CI (mm) Average Midpoint ONSD (mm) 95% CI (mm)
0–1 16 4.67 4.23–5.11 4.09 3.75–4.43
1–2 22 5.75 5.49–5.99 5.06 4.83–5.29
.2 6 5.88 5.05–6.72 5.10 4.48–5.82

FIG 3. A, Scatterplot between the retrobulbar ONSD and OP does not show a correlation (R2 ¼ 0.02, P¼ .17). B, Scatterplot between the retro-
bulbar ONSD and OP does not show a correlation (R2 ¼ 0.03, P¼ .12).
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years; perhaps it can be partially explained by a rapid increase in
the size of the optic nerve itself in the first 2 years of life.16

The normal range of OP in the pediatric population has been
a subject of debate in the literature. Initially, the proposed normal
upper limit of OP in healthy children was ,20 cm H2O, and it
was not until 1994 when Ellis17 performed serial lumbar punctu-
res with the patient in the lateral decubitus position in patients
with leukemia and found a mean OP of 19 cm H2O and a normal
range of 10–28 cm H2O. Recent studies have reported a mean OP
of 19.6 cm H2O, with a range of 11.5–28 cm H2O, which further
suggested that the normal upper limit of OP should be 28 cm
H2O.

18,19 In fact, intracranial pressure of .28 cm H2O is one of
the diagnostic criteria for IIT; the estimated incidence of pediatric
IIH is 0.6–0.7 cases per 100,00 children.20,21 The average OP in
our patient cohort was elevated at 22.3 cm H2O compared with
the normal mean of ,20 cm H2O in a healthy population.17-19

Although there is no established normal OP in the MPSIH popu-
lation, the OP in this study is comparable with the results in a
previous study in which a mean of 24 cm H2O was reported.9

Contrary to the population without MPSIH, there was no statisti-
cally significant correlation found between the increased ONSD
and increased OP measurements. As illustrated in Fig 1, patients
with large ONSDs may, paradoxically, have low OP and vice
versa. These findings challenged the notion that the increase in
ONSD in patients with MPSIH is purely driven by elevated intra-
cranial pressure (Fig 3). It is possible that GAG deposition and/or
inflammatory changes play a role in this finding. Therefore, while
elevated ICP is common in MPSIH, increased ONSD does not
appear to be an accurate predictor of elevated intracranial
pressure.

CONCLUSIONS
ONSD has been established as a noninvasive tool to suggest ele-
vated intracranial pressure, but its adoption in patients with
MPSIH is questionable. This study demonstrates higher ONSDs
in patients with MPSIH than in healthy controls, but it does not
accurately predict increased ICP.

Disclosure forms provided by the authors are available with the full text and
PDF of this article at www.ajnr.org.

REFERENCES
1. Alden TD, Amartino H, Dalla Corte A, et al. Surgical management

of neurological manifestations of mucopolysaccharidosis disor-
ders.Mol Genet Metab 2017;122:41–48 CrossRef Medline

2. Aldenhoven M, Wynn RF, Orchard PJ, et al. Long-term outcome of
Hurler syndrome patients after hematopoietic cell transplantation:
an international multicenter study. Blood 2015;125:2164–72 CrossRef
Medline

3. Kishk NA, Ebraheim AM, Ashour AS, et al.Optic nerve sonographic
examination to predict raised intracranial pressure in idiopathic

intracranial hypertension: the cut-off points. Neuroradiol J
2018;31:490–95 CrossRef Medline

4. Munawar K, Khan MT, Hussain SW, et al. Optic nerve sheath diam-
eter correlation with elevated intracranial pressure determined via
ultrasound. Cureus 2019;11:e4145 CrossRef Medline

5. Kapoor KG, Katz SE, Grzybowski DM, et al. Cerebrospinal fluid out-
flow: an evolving perspective. Brain Res Bull 2008;77:327–34 CrossRef
Medline

6. Schumacher RG, Brzezinska R, Schulze-Frenking G, et al. Sonographic
ocular findings in patients with mucopolysaccharidoses I, II and VI.
Pediatr Radiol 2008;38:543–50 CrossRef Medline

7. Muenzer J, Wraith JE, Clarke LA; International Consensus Panel
on Management and Treatment of Mucopolysaccharidosis I.
Mucopolysaccharidosis I: management and treatment guide-
lines. Pediatrics 2009;123:19–29 CrossRef Medline

8. Kubaski F, de Oliveira Poswar F, Michelin-Tirelli K, et al.
Mucopolysaccharidosis type I. Diagnostics 2020;10:161 CrossRef
Medline

9. Raymond GV, Pasquali M, Polgreen LE, et al. Elevated cerebral spi-
nal fluid biomarkers in children with mucopolysaccharidosis I-H.
Sci Rep 2016;6:38305 CrossRef Medline

10. Lochner P, Czosnyka M, Naldi A, et al.Optic nerve sheath diameter:
present and future perspectives for neurologists and critical care
physicians. Neurol Sci 2019;40:2447–57 CrossRef Medline

11. Vaiman M, Abuita R, Bekerman I. Optic nerve sheath diameters in
healthy adults measured by computer tomography. Int J Ophthalmol
2015;8:1240–44 CrossRef Medline

12. Janthanimi P, Dumrongpisutikul N. Pediatric optic nerve and optic
nerve sheath diameter on magnetic resonance imaging. Pediatr
Radiol 2019;49:1071–77 CrossRef Medline

13. Shofty B, Ben-Sira L, Constantini S, et al. Optic nerve sheath diame-
ter on MR imaging: establishment of norms and comparison of pe-
diatric patients with idiopathic intracranial hypertension with
healthy controls. AJNR Am J Neuroradiol 2012;33:366–69 CrossRef
Medline

14. Gratton SM, Neerukonda T.Mucopolysaccharidosis type 1 and bilat-
eral optic disc edema. Neuroophthalmology 2019;43:394–96 CrossRef
Medline

15. Summers CG, Ashworth JL. Ocular manifestations as key features
for diagnosing mucopolysaccharidoses. Rheumatology (Oxford)
2011;50:v34–40 CrossRef Medline

16. Al-Haddad CE, Sebaaly MG, Tutunji RN, et al. Optic nerve measure-
ment onMRI in the pediatric population: normative values and cor-
relations. AJNR Am J Neuroradiol 2018;39:369–74 CrossRef Medline

17. Ellis R. Lumbar cerebrospinal fluid opening pressure measured in a
flexed lateral decubitus position in children. Pediatrics 1994;93:622–
23 CrossRef Medline

18. Avery RA. Reference range of cerebrospinal fluid opening pressure
in children: historical overview and current data. Neuropediatrics
2014;45:206–11 CrossRef Medline

19. Avery RA, Shah SS, Licht DJ, et al. Reference range for cerebrospi-
nal fluid opening pressure in children. N Engl J Med 2010;363:891–
93 CrossRef Medline

20. Bursztyn LL, Sharan S, Walsh L, et al. Has rising pediatric obesity
increased the incidence of idiopathic intracranial hypertension in
children? Can J Ophthalmol 2014;49:87–91 CrossRef Medline

21. Matthews YY, Dean F, Lim MJ, et al. Pseudotumor cerebri syn-
drome in childhood: incidence, clinical profile and risk factors in a
national prospective population-based cohort study. Arch Dis
Child 2017;102:715–21 CrossRef Medline

94 Huang Jan 2023 www.ajnr.org

http://www.ajnr.org/sites/default/files/additional-assets/Disclosures/January%202023/0816.pdf
http://www.ajnr.org
http://dx.doi.org/10.1016/j.ymgme.2017.09.011
https://www.ncbi.nlm.nih.gov/pubmed/29153846
http://dx.doi.org/10.1182/blood-2014-11-608075
https://www.ncbi.nlm.nih.gov/pubmed/25624320
http://dx.doi.org/10.1177/1971400918789385
https://www.ncbi.nlm.nih.gov/pubmed/30024291
http://dx.doi.org/10.7759/cureus.4145
https://www.ncbi.nlm.nih.gov/pubmed/31058028
http://dx.doi.org/10.1016/j.brainresbull.2008.08.009
https://www.ncbi.nlm.nih.gov/pubmed/18793703
http://dx.doi.org/10.1007/s00247-008-0788-y
https://www.ncbi.nlm.nih.gov/pubmed/18299822
http://dx.doi.org/10.1542/peds.2008-0416
https://www.ncbi.nlm.nih.gov/pubmed/19117856
http://dx.doi.org/10.3390/diagnostics10030161
https://www.ncbi.nlm.nih.gov/pubmed/32188113
http://dx.doi.org/10.1038/srep38305
https://www.ncbi.nlm.nih.gov/pubmed/27910891
http://dx.doi.org/10.1007/s10072-019-04015-x
https://www.ncbi.nlm.nih.gov/pubmed/31367861
http://dx.doi.org/10.3980/j.issn.2222-3959.2015.06.30
https://www.ncbi.nlm.nih.gov/pubmed/26682181
http://dx.doi.org/10.1007/s00247-019-04404-6
https://www.ncbi.nlm.nih.gov/pubmed/31049608
http://dx.doi.org/10.3174/ajnr.A2779
https://www.ncbi.nlm.nih.gov/pubmed/22116116
http://dx.doi.org/10.1080/01658107.2018.1520903
https://www.ncbi.nlm.nih.gov/pubmed/32165899
http://dx.doi.org/10.1093/rheumatology/ker392
https://www.ncbi.nlm.nih.gov/pubmed/22210668
http://dx.doi.org/10.3174/ajnr.A5456
https://www.ncbi.nlm.nih.gov/pubmed/29217740
http://dx.doi.org/10.1542/peds.93.4.622
https://www.ncbi.nlm.nih.gov/pubmed/8134218
http://dx.doi.org/10.1055/s-0034-1376202
https://www.ncbi.nlm.nih.gov/pubmed/24867260
http://dx.doi.org/10.1056/NEJMc1004957
https://www.ncbi.nlm.nih.gov/pubmed/20818852
http://dx.doi.org/10.1016/j.jcjo.2013.09.015
https://www.ncbi.nlm.nih.gov/pubmed/24513363
http://dx.doi.org/10.1136/archdischild-2016-312238
https://www.ncbi.nlm.nih.gov/pubmed/28356250

	Dilated Optic Nerve Sheath in Mucopolysaccharidosis I: Common and Not Necessarily High Intracranial Pressure
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION
	CONCLUSIONS
	REFERENCES


