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Abstract

Purpose—To report the ophthalmologic and histologic findings in a series of children with
infantile Pompe disease treated with enzyme replacement therapy (ERT).

Methods—We reviewed the records of children with infantile Pompe disease treated with ERT
who had at least one complete ophthalmic examination and the ocular histopathology of children
with infantile Pompe disease who were treated with ERT. We reviewed the patient’s clinical
history, including external ocular examination, ocular alignment and motility, dilated fundus
examination, and cycloplegic refraction. A literature review was performed for ophthalmologic
findings in infantile Pompe disease using PubMed.

Results—We included the clinical findings of 13 children and reviewed the ocular
histopathology of three children with infantile Pompe disease who were treated with ERT. Forty-
six percent (6/13) had bilateral ptosis, 23% (3/13) strabismus, 62% myopia (8/13), and 69% (9/13)
astigmatism. On histologic examination, there was vacuolar myopathy affecting the extraocular
muscles, ciliary body, and iris smooth muscle and glycogen accumulation in corneal endothelial,
lens epithelium, and retinal ganglion cells, and within lysosomes of scleral fibroblasts.
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Conclusions—It is important that ophthalmic providers are aware of the high prevalence of
myopia, astigmatism, and ptosis in children with infantile Pompe disease treated with ERT, as
they are potentially amblyogenic, but treatable factors.

Introduction

Pompe disease is an inherited (autosomal recessive) lysosomal storage disorder caused by a
deficiency of the enzyme acid alpha-glucosidase (GAA), which results in glycogen
accumulation in various body tissues.! Based on age of onset, organ involvement, and
degree of myopathy, Pompe disease is broadly classified into two forms: infantile- and late-
onset.2

The infantile form includes those whose symptoms begin before one year of age, and can be
divided into two subtypes (classic and atypical), based on the severity and presence/absence
of cardiomyopathy.3 Prior to the advent of enzyme replacement therapy (ERT) with
alglucosidase alfa, most infantile Pompe patients, in particular those with the classic form
(those with severe cardiomyopathy and respiratory failure), did not survive past their first
birthday.# The introduction of ERT has dramatically improved their survival.®

To our knowledge, we are the first to report the ophthalmologic and histologic findings in a
series of children with infantile Pompe disease treated with ERT.

Patients and Methods

This study was approved by the Duke Health System Institutional Review Board and was
compliant with the requirements of the United States Health Insurance Portability and
Accountability Act. Written informed consent was obtained for each subject from the legal
guardian. Verbal assent was obtained from all subjects at least 6 and less than 12 years of
age. We reviewed the records of 13 children with infantile Pompe disease treated with ERT
who had at least one complete ophthalmic examination and the post-mortem specimens of 3
children (one of whom was included in the clinical portion of this study) with infantile
Pompe disease who were treated with ERT. Subjects were recruited from cases seen at Duke
University Medical Center or from their participation in research studies on Pompe disease
at Duke University. All patients had both a clinical (hypotonia and developmental delay in
the first year of life) and genetic (GAA enzyme activity less than 1% in skin fibroblasts and
2 severe mutations in the GAA gene (Table 1, online only)) diagnosis of infantile Pompe
disease.

We reviewed the patients’ clinical history, including external ocular examination, ocular
alignment and motility, dilated fundus examination, and cycloplegic refraction. For
refractive errors, hyperopia was defined as a spherical equivalent (SE) =+0.50D; myopia, SE
<-0.50D; and high myopia, SE <-6.00D.

We also performed a literature search in PubMed for English-language only articles (1946—
2013), using combinations of the following search terms: acid maltase deficiency, eye,
glycogen-storage disease type |1, glycogenosis type |1, infantile, ocular, Pompe.
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Results

Clinical Ophthalmologic findings

Our series of children included 9 (69%) males and 4 (31%) females (Tables 1 and 2, online
only). Eleven had classic and 2 had atypical disease. Average age at first eye examination
was 3.2 (range:1.3-5.5) years (Table 3, online only). Eighty-five percent (11/13) had more
than one eye examination.

Of those with classic disease, 45% (5/11) had bilateral ptosis and 27% (3/11) had strabismus
(Table 2, online only). Of those with strabismus, all had an intermittent exotropia. Eighteen
percent (4/22) of eyes had hyperopia, 68% (15/22) myopia, and 18% (4/22) high myopia
(Table 3, online only). Astigmatism of =1.00D was detected in 68% (15/22), of =2.00D in
59% (13/22), and of =3.00D in 41% (9/22) of eyes. All astigmatism of =1.00 D was with-
the-rule.

Of the two patients with atypical disease, one had bilateral ptosis and neither had strabismus
or myopia (Table 2, online only). One-hundred percent (4/4) of eyes had hyperopia and 25%
(1/4) of eyes had astigmatism (of =1.00D) (Table 3, online only).

All patients were initially started on an intravenous infusion of 20 mg/kg of alglucosidase
alfa every other week (QOW) according to the Myozyme package insert instructions.®
Eighty-two percent (9/11) of those with classic and 50% (1/2) with atypical disease were
titrated up to =40 mg/kg QOW in an attempt to improve their cardiomyopathy and muscle
weakness (Table 2, online only).

Histologic findings
We performed histologic examinations of eyes from a 7-month-old boy treated with ERT for
two months, a 1-year-old girl treated with ERT for four months,” and a 21-month-old girl
treated with ERT for 15 months (Case 11). In all cases, there was vacuolar myopathy
affecting the extraocular muscle fibers, ciliary body, and iris smooth muscle; moderate
accumulation of glycogen in corneal endothelial and retinal ganglion cells; and marked
accumulation of glycogen in the lens epithelium (Figure 1A-C). In our previously reported
case,” we also noted glycogen accumulation within lysosomes of scleral fibroblasts (Figure
1D).

Discussion

While ophthalmologic findings in infantile Pompe patients have been reported in isolated
case reports,’~12 we are the first to report ophthalmologic findings in a series of children
with infantile Pompe treated with ERT. Prior to the availability of ERT, two cases of
strabismus in a 9-month-old® and 3-year-old10 boy with Pompe disease had been described.
Since the advent of ERT, the presence of not only strabismus,® but also ptosis®12 and
myopia® have been reported in infantile Pompe patients who received ERT (Table 4). In
addition to the previously reported ophthalmologic findings, we also found a high
prevalence of astigmatism in our population of patients.
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In our series of children with infantile Pompe on ERT, ptosis, strabismus, myopia, and
astigmatism were present. About half of our patients had ptosis. While a previous study
reported that a child with atypical infantile Pompe disease had partial resolution of ptosis
within 6 months of increasing Myozyme from 20mg/kg to 40mg/kg every other week,
despite being on the increased dose of Myozyme, one of our patients with severe ptosis and
significant chin-up head positioning ultimately required surgical repair (Case 2). The low
prevalence of strabismus (n=3, all with classic disease) in our study was surprising
considering the significant degree of muscle weakness.

Clinically-significant refractive errors, which we defined as those in which the
ophthalmologist prescribed spectacles, were only seen in those with classic disease, due to
myopia and astigmatism. About two-thirds of those with classic disease had myopia, of
which about a third of those had high myopia. A family history of myopia was not
associated with myopia in those with classic disease (p=0.44).

Based on our histological observations, we hypothesize that myopia may be due to one or
more of the following: 1) elongation of the globe caused by compression from enlarged and
possibly stiffened extraocular muscles due to glycogen accumulation; 2) induced myopia
caused by accumulation of glycogen in the lens which may cause osmotic lens swelling in a
fashion similar to that in diabetics;13 3) induced myopia caused by glycogen accumulation
in ciliary smooth muscle reducing tension on zonules and allowing the lens to become more
spherical; and 4) scleral elongation caused by altered viscoelastic properties of the sclera due
to the disruption of the normal synthesis of collagen, proteoglycans, and/or non-collagenous
glycoproteins due to the accumulation of glycogen within scleral fibroblasts.14 While
biometry and keratometry measurements would help clarify if myopia was due to an
increase in axial length or changes in the refractive power of the cornea or lens, these
measurements were not routinely obtained, which is a limitation to our study. Another study
limitation is our small sample size, but we hope our findings will help elucidate the
etiologies of ophthalmic findings seen in these patients and help focus future treatment
strategies.

Most children with classic disease had astigmatism, and more than half had =2.00D of
astigmatism. All astigmatism of >1.00D was with-the-rule. While ptosis can cause with-the-
rule astigmatism, astigmatism was not more common in those with ptosis (p=0.64).
Interestingly, our patient who underwent unilateral ptosis repair had a shift in astigmatism
from 4.00D to 2.50D after ptosis surgery (Case 2). Thus, while ptosis may have some role in
the etiology of with-the rule astigmatism seen in these patients, ptosis is likely not the sole
cause of the astigmatism.

In conclusion, our findings suggest that infantile Pompe patients on ERT, in particular
classic infantile-onset disease, have a high prevalence of clinically-significant ophthalmic
findings, that are potentially amblyogenic, but treatable and merit annual comprehensive
ophthalmologic evaluation. Further longitudinal studies are needed to further define the
spectrum of ocular abnormalities that may arise as survival rates improve.
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Figure 1.
(A) Inferior oblique muscle from a 21-month-old girl (Case 11) treated with enzyme

replacement therapy (ERT) for 15 months shows vacuolar myopathy affecting many, but not
all, of the extraocular muscle fibers [hematoxylin and eosin, magnification bar = 50 pm]; (B)
The lens epithelium from the same child had marked accumulation of glycogen [periodic
acid-Schiff reagent, magnification bar = 50 um]; (C) Ciliary body smooth muscle from this
child had marked vacuolar myopathy affecting most of the cells [hematoxylin and eosin,
magnification bar = 50 um]; (D) Transmission electron microscopy of a scleral fibroblast
from a 1-year-old girl treated with ERT for 4 months shows glycogen accumulation within
lysosomes [original magnification = x7100].
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