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Thesis Abstract

The reported prevalence of strabismus is highly variable, as is the sampling and
methodologies used to ascertain strabismus. There are a number of risk factors that
have been linked to strabismus including; familial predisposition, refractive error,
various genetic syndromes, developmental conditions and ethnicity. More recently,
birth-related factors have been consistently identified, such as prematurity, low birth
weight, maternal and infant health. A systematic analysis of past reports of strabismus
prevalence may clarify trends in the occurrence of strabismus. Determination of
strabismus in population-based representative samples using gold standard
techniques may provide a more accurate indication of current prevalence and

associated risk factors.
The aims of this thesis were to investigate the:

i.  Current prevalence of strabismus in Australian children compared to historical
and international estimates

ii. impact of age, ethnicity and refractive error on the prevalence of childhood
strabismus and type of strabismus

iii. impact of birth factors on the development of strabismus and other ocular
conditions, particularly admission to Neonatal Intensive Care Units (NICU).

iv.  normal development of vision and ocular motility in infants admitted to NICU

V. need for vision screening in infants admitted to NICU and, recommend the
most appropriate tests and time/age to provide vision screening for these

infants.

To address the aims of the thesis, research methodology included; 1) a systematic
review and meta-analysis of the literature on the prevalence of childhood strabismus,
examining changes over time, 2) an analysis of pre-existing data sets to determine the

influence of age, ethnicity, refractive error and birth factors and 3) the Neonatal Vision
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Study (NVS), a prospective longitudinal cohort study of infants admitted to NICU to
investigate the normal development of vision and ocular motility in infants admitted to
NICU. Itis anticipated in future that this cohort of children will be followed until at least
school-age. The pre-existing population-representative data sets of children used were
the; Sydney Paediatric Eye Disease Study (SPEDS), the Sydney Myopia Study (SMS)
and Sydney Adolescent Vascular and Eye Study (SAVES) collectively known as the
Sydney Childhood Eye Studies (SCES). These studies included a total of 7266

children ranging from 6 months to 17 years of age.

The systematic literature review and meta-analysis suggested that there has been a
significant decline in the prevalence of childhood strabismus globally between the
1940’s to 1980’s and more recent stabilisation in the last two decades to a prevalence
of 2.6%. This decline in the prevalence of strabismus over time may be the result of
changes in environmental risk factor exposures. While there were no differences in the
overall prevalence of strabismus between ethnic groups, there was a difference in the
prevalence of the type of strabismus present between ethnicities but, the reasons for
these differences are not clear. These findings provide a greater understanding of
current rates of strabismus within various populations globally, set the direction for
subsequent analyses of pre-existing population-based data and the independent

project of this PhD thesis, the NVS.

From the preexisting data, it was found the prevalence of strabismus was stable earlier
in childhood and later increased with age, predominately due to an increase in the
prevalence of intermittent exotropia in the adolescents in the SAVES study. The main
contributing factor to the development of strabismus in this study was significant
refractive error, both myopia and hyperopia, as well as anisometropia. Examining the
two longitudinal cohorts of children from SMS and SAVES, it was evident that 25% of 6
year old children with myopia at baseline develop intermittent exotropia by the time

they were 12 years old. This investigation also revealed that while there is incident



strabismus occurring, the rate of successful strabismus treatment is high, therefore
prevalence rates tend not vary due to cases of recovery from strabismus being offset

by new cases of strabismus.

A number of studies investigating childhood ocular conditions, including strabismus,
amblyopia and refractive error and associated risk factors have identified a number of
modifiable antenatal risk factors including; maternal health, low birth weight, premature
birth and admission to neonatal intensive care units (NICU). Current screening
regimes specifically target premature and low birth weight infants who are deemed at
significant risk for retinopathy of prematurity (ROP). However, there is an overall lack
of routine screening and ongoing follow-up for infants who have been admitted to
NICU and who are potentially at risk of adverse ocular outcomes, independently of
ROP. This concern is heightened by the rising prevalence of infants being admitted to
NICU over the past decade, especially in Australia. The investigation reported here
included the 6 month to 6 year old children from SPEDS and SMS to establish if there
was an overall higher prevalence of eye conditions in children admitted to NICU than
those who were not. It was found that there was a greater prevalence of
anisometropia, myopia and strabismus in children who had been admitted to NICU.
This greater risk for eye conditions with admission to NICU was independent of other
known risk factors; such as prematurity and low birth weight, suggesting that there is
need for ocular screening and surveillance of all children admitted to NICU, beyond

those deemed at risk of ROP.

The majority of infants recruited in the NVS were born prematurely and of low birth
weight. Development of visual acuity (VA) at three months was most highly correlated
to corrected age, however by 12 months, the chronological age of the infant was more
indicative of mean VA. A large proportion of three month old infants were also
strabismic on cover test and unable to demonstrate binocular vision however, this is

considered to be a result of an immature ocular motor system rather than pathological



strabismus requiring treatment. By six months postnatal age, the majority of infants
were much more testable and outcomes for ocular alignment and ocular motility testing
were comparable to those at 12 months of age. However, more strabismus was

evident at 12 months that at six months of age.

Testability for binocular and monocular Teller Acuity Cards was considerably higher
than the optokinetic nystagmus (OKN) drum. In these premature infants the inability to
visually respond to the rotation of the OKN drum appears to be due to the lack of
sufficient ocular motility required to achieve the normal OKN responses. It is therefore
more meaningful to use other tests that measure ocular motor and sensory function
such as examining ocular alignment, the presence of binocular vision, ocular
movements and convergence. This study additionally indicates the appropriate age to
vision screen infants admitted to NICU may be at six months, as testability is high and

it is early enough to provide intervention for detected conditions.

Overall, the investigations in this thesis have provided further insight into the
prevalence of strabismus within representative populations and an at-risk population;
infants admitted to NICU. In addition, this thesis has shown the impact of a variety of
risk factors for strabismus and has found that refractive errors and birth-related factors
are the most pertinent to the development of strabismus in children. Further, this thesis
has examined the impact of admission to NICU on the prevalence of ocular conditions,
independent of ROP, prematurity and low birth weight. Finally, the visual development
of infants who have been admitted to NICU has been determined, with age norms for
premature and low birth weight infants for various measures of ocular function, beyond
visual acuity, with recommendations for the most appropriate age and protocol for

screening these at-risk infants.
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Preface: Statement of contribution to the thesis

This PhD presents findings from the Sydney Childhood Eye Studies and the Neonatal
Vision Study. The Sydney Childhood Eye Studies, also known as; Sydney Paediatric
Eye Disease Study, Sydney Myopia Study and Sydney Adolescent and Vascular Eye
Study was a series of three large population-based samples of children aged 6 months
to 17 years conducted during 2003-2011. | was not involved in the design or data
collection of the Sydney Childhood Eye Studies. However, | used the knowledge
acquired from conducting my systematic literature review and meta-analysis on the
prevalence of strabismus (Chapter 2) to form the research questions in chapter 4 and
5. 1 also determined the most appropriate analyses for answering the research
questions, conducted and interpreted the statistical analyses and described these in

chapters 3-5.

The Neonatal Vision Study was designed as it was recognised in chapter 5 that the
neonatal intensive care unit is a location where many at-risk infants can be identified to
determine if screening is required for these children. | designed the protocol for the
Neonatal Vision Study and was responsible for contacting the appropriate Heads of
Departments (Neonatal Care and Ophthalmology) at the Royal Prince Alfred Hospital
to negotiate a feasible study which would provide vision screening for these at-risk
infants who might not otherwise be seen, create a referral pathway for any infants
found to have an ocular condition, while ensuring research integrity and collect
appropriate data. It was important that | was familiar with the Sydney Paediatric Eye
Disease Study as the two methodologies needed to be compatible so that visual
outcomes between infants admitted to NICU as part of the Neonatal Vision Study and
a sample of age-matched norms from Sydney Paediatric Eye Disease Study could be
compared. After acquiring ethics approval 2017, | conducted all the recruitment,
orthoptic assessments at three, six and 12 months, data entry and statistical analyses
to conceptualise the research questions to be answered in chapters 6 and 7.
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