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Abstract

Background: Hyperopiaoccurs due to insufficient ocular growth and afailure to emmetropize in childhood. In anisohyperopia,
it is unclear why one eye may remain hyperopic while the fellow eye grows toward an emmetropic state. Animal studies have
shown that manipul ating peripheral defocus through optical means while simultaneously providing correct axial focus can either
discourage or encourage axial eye growth to effectively treat myopia or hyperopia, respectively. Myopia progression and axial
eye growth can be significantly reduced in children and adol escents through the use of multifocal contact lenses. These contact
lenses correct distance central myopiawhile simultaneously imposing rel ative peripheral myopic defocus. The effect of correcting
distance central hyperopiawhile simultaneously imposing rel ative peripheral hyperopic defocusisyet to be elucidated in humans.

Objective: The objective of our study is to understand the natural progression of axia eye growth and refractive error in
hyperopes and anisohyperopes and to establish whether axial eye growth and refractive error can be modified using multifocal
contact lenses in hyperopes and anisohyperopes.

Methods: There are 3 elementsto the program of research. First, the natural progression of axia eye growth and refractive error
will be measured in spectacle-wearing hyperopic and anisohyperopic subjects aged between 5 and <20 years. In other words, the
natural growth of the eye will be followed without any intervention. Second, as a paired-eye control study, anisohyperopes aged
between 8 and <16 years will be fitted with a center-near multifocal design contact lens in their more hyperopic eye and a
single-vision contact lensin the fellow eye if required. The progression of axial eye growth and refractive error will be measured
and compared. Third, subjects aged between 8 and <16 years with similar levels of hyperopia in each eye will be fitted with
center-near multifocal design contact lensesin each eye; the progression of axial eye growth and refractive error in these subjects
will be measured and compared with those of subjectsin the natural progression study.

Results: Recruitment commenced on 6 June 2016 and was completed on 8 April 2017. We estimate the data collection to be
completed by April 2020.

Conclusions: This trial will establish whether axial eye growth can be accelerated in children with hyperopia by imposing
relative peripheral hyperopic defocus using center-near multifocal contact lenses.

Trial Registration: ClinicalTrials.gov NCT02686879; https://clinicaltrials.gov/ct2/show/NCT02686879 (Archived by Webcite
at http://lwww.webcitation.org/7105p3fD2)

Registered Report I dentifier: RR1-10.2196/9320

(JMIR Res Protoc 2018;7(9):€173) doi: 10.2196/resprot.9320
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Introduction

Methods

Background

Uncorrected hyperopia can cause blurring of distance vision
and near vision and is aknown risk factor for the devel opment
of strabismus and amblyopia [1]. There is a growing body of
evidence that uncorrected hyperopia, in addition to visual
consequences, may have a negative impact on educational
attainment [2,3] and visuocognitive and visuomotor skills [4].
Hyperopia has received much | ess attention from research than
myopia even though the impact of moderate to high levels of
hyperopia, especialy in one eye (anisohyperopia), can lead to
amblyopiaif not fully corrected at ayoung age [5]. Hyperopia
occurs as a consequence of insufficient ocular growth and a
failure to emmetropize in childhood, with the majority of
hyperopic refractive errors resulting from an eye that istoo short
for itsrefractive power [6]. In anisohyperopia, it isunclear why
one eye may remain hyperopic while the fellow eye grows
toward an emmetropic state. Myopic eyes typically exhibit
relative hyperopic blur in the periphery [7,8], which is thought
to be aprecursor of the development of myopia[9]. Studieson
animals have suggested that manipulating peripheral defocus
through optical means while simultaneously providing correct
axial focus can either discourage or encourage axial eye growth
to effectively treat myopia or hyperopia, respectively [10].

It has been established that myopia progression and axial eye
growth can be significantly reduced in children and adol escents
through the use of bifocal or dual-focus contact lenses[11-13].
These contact lenses are designed to correct distance central
myopia while simultaneously imposing relative peripheral
myopic defocus. This intervention relies on active
accommodation, and the myopia control studies have shown
that children accommodate normally with multifocal contact
lenses [11]. In contrast to the myopic eye, the hyperopic eye
tends to exhibit relative peripheral myopia[8].

This study explores the use of center-near multifocal design
contact lenses to correct distance central hyperopia while
simultaneously imposing relative peripheral hyperopic defocus.
The aim is to determine, for the first time, whether axia eye
growth can be accelerated in children with hyperopia and
anisohyperopiato reduce the refractive error and improve visual
outcome.

Study Objectives

The objectives of our study are to understand the natural
progression of axial eye growth and refractive error in hyperopes
and anisohyperopes, and to establish if axial eye growth and
refractive error can be modified using center-near multifocal
design contact lenses in hyperopes and anisohyperopes to
improve visual outcome.

http://www.researchprotocols.org/2018/9/e173/

Study Design
There will be 3 elements to the proposed program of research:

1. Natural progression: Refractive error and axial eye growth
will be followed over a 3-year period in hyperopic and
anisohyperopic participants aged between 5 and <20 years
to gain an understanding of the natural progression of these
parameters in the specified cohort. This arm of the study
does not involve an intervention.

2. Hyperopicintervention: For this part of the study, refractive
error and axial eye growth will be followed in participants
aged between 8 and <16 years over a6-month period, after
which the participants will wear bifocal soft contact lenses
daily for 2 years. The intervention will then be withdrawn
before the fina data collection point 6 months later. The
center-near design contact lenseswill provide clear central
vision at both distance and near, thus, exposing the retina
to peripheral hyperopic defocus from the distance zone.

3. Anisohyperopic intervention: Anisometropes represent a
unique example of ocular development, where thetwo eyes
of anindividual, with an identical genetic background and
seemingly subject to identical environmental influences,
can grow asymmetrically to produce significantly different
refractive errors. Axial eye growth and refractive error will
be followed in participants aged between 8 and <16 years
over a6-month period before being fitted with a center-near
design bifocal soft contact lensin their more hyperopic eye,
while the fellow eye will be fitted with a single-vision
contact lens if required. The contact lenses will be worn
daily for 2 years. The intervention will then be withdrawn
before the final data collection point 6 months later. If and
when the refractive error in the more hyperopic eye has
reached a level similar to that in the less hyperopic eye
(<0.25 diopter [D] interocular difference), both eyes will
be fitted, if necessary, with bifocal center-near design
contact lenses in line with the protocol for participantsin
the hyperopic intervention group.

For the study, healthy hyperopic children and adol escents will
be recruited viathe researchers’ optometry practicesand Aston
University's Eye Clinic. A database search will be performed
by theimmediate research team to identify potential participants
who meet the criteria for inclusion; these individuals will be
contacted via post with information regarding the study and
how to participate. A poster will also be displayed at both
research venues as a means of recruiting other potential
participants. Contact detailswill be stated on the poster to enable
anyone interested in joining the study to contact the researcher
for further details.

All participants, including parent(s) or guardian(s), expressing
an interest in joining the study or wishing to recruit their child
into the study will be provided detailed information regarding
the study and will have the opportunity to ask questions before
completing the consent form declaration.
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Allocation to the contact lens-wearing and the natura
progression arms of the study will not be randomized.
Individuals who are willing and able to use contact lenses will
be given the opportunity to be included in the contact lens arm
of the study; those who do not want to wear, are unable to
handle, or unsuitable for contact lenses will be given the
opportunity to participate in the natural progression arm of the
study.

After obtaining informed consent, all participants will undergo
a number of visual assessments including a background
guestionnaire, axial length measures, subjective refraction,
accommodative lag, amplitude of accommodation, stereopsis,
vision and visual acuity, postcycloplegic objective refraction,
postcycloplegic peripheral refraction at 30° temporaly and
nasally, and 20° superiorly and inferiorly, and pupil size.

Beasley et a

For the natural progression study, the normal growth of the eyes
will befollowed at 7 visitsover 3 yearswithout any intervention.
A topical cycloplegic (cyclopentolate hydrochloride 1%) will
beused on visits 1, 2, 4, 6, and 7 (Table 1).

Participantsin the intervention arms of the study will also have
thenormal growth and visual characteristics of the eyesfollowed
at 7 visits over 3 years. In addition, they will have their
suitahility for contact lens wear determined at the second visit,
6 months after thefirst visit, which will require instructions on
contact lens wear and follow-up appointments. In total, for
participants in the intervention arms of the study, there will be
9 scheduled visits, with a cycloplegic used on visits 1, 2, 6, 8,
and 9 (Table 2). There may be unscheduled visits if any
problems arise asaresult of contact lenswear. The participants,
with parental support where necessary, will be instructed on
how to insert, remove, and care for their contact lenses.

Table 1. Proceduresfor participantsin the natural progression arm of the study.

Procedure Visit 1 Visit 2 Visit 3 Visit 4 Visit5 Visit 6 Visit 7
(month1) (month6) (month12) (month18) (month24) (month30) (month 36)
Informed consent O O O ad ad O O
Questionnaire O ad ad a O O ]
Axial length O O O 0 O O O
Subjective refraction O O O 0 O ad O
Accommodative lag O O ad ad O ad ad
Amplitude of accommodation O O O O O O O
Stereopsis O O ad ad O ad ad
Vision and visual acuity O O O O O O O
Postcycloplegic refraction O O ad ad ad
Peripheral refraction O O 0 ad O
Table 2. Procedures for participantsin the intervention arms of the study.
Procedure Visit 1 Visit 2 Visit 3 Visit 4 Visit5 Visit 6 Visit 7 Visit 8 Visit 9
(monthl) (month6) (month7) (month8) (month12) (month18) (month24) (month30) (month 36)
Informed consent ad O O O O O O
Questionnaire O O O ad O O a
Axial length O O O 0 O O O
Subjective refraction O O O ad O O a
Accommodative lag g O O 0 g O 0
Amplitude of accommodation O O O ad O O a
Stereopsis g O O 0 g O 0
Vision and visual acuity O O O ad O O a
Postcycloplegic refraction g O 0 O 0
Peripheral refraction O O ad O a
Pupil size O
Contact lensfitting O
Contact lens aftercare O O O O O O
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For the anisohyperopes, the more hyperopic eye will be fitted
with acommercially available soft multifocal contact lens and
the less hyperopic eye will be fitted with a soft single-vision
contact lens, if required. Participants with similar levels of
hyperopiain each eyewill befitted with commercially available
soft multifocal contact lensesin both eyes.

For anisohyperopic subjects, if the level of hyperopia in the
more hyperopic eye reduces to alevel which is similar to that
of thelesshyperopic eye, both eyeswill befitted with multifocal
contact lenses if sufficient hyperopia remains, in line with the
inclusion criteriafor the second arm of the study.

For nonani sohyperopic subjects, theintervention will be stopped
when the refractive error has reached a mean spherical error of
+0.50 D. At the end of an intervention period of 24 months,
contact lenswear will cease and the participantswill be assessed
for the final time after an interval of 6 months.

Inclusion Criteria

To be included in the study, the participants had to be aged
between 5 and <20 years at theinitial examination for the natural
progression study and between 8 and <16 years at the initial
examination for theintervention study. Furthermore, the parents
must have read, understood, and signed the informed consent
form, and the participants must have read, understood, and
signed the assent form. The participants in the intervention
groups had to agree to wear the prescribed contact lenses for a
minimum of 10 hours per day, at least 6 days per week, for the
2-year duration of theintervention period and bein good general
health with no contraindications to contact lens wear.
Additionally, the following criteria had to be met; maximum
manifest spherical refractive error of +6.00 D, maximum
manifest cylindrical refractive error of —1.00 D, minimum
anisometropia of >1.00 D in the anisohyperopic group (mean
spherical error), maximum anisometropia of 1.00 D in the
nonanisohyperopic group (mean spherical error), and minimum
mean spherical refractive error of +2.00 D in the more hyperopic
eye. Furthermore, participants had to be competent at handling
contact lenses and understand the instructions provided to ensure
safe wear.

Exclusion Criteria

The exclusion criteria were as follows: previous contact lens
wear, participation in another clinical study, regular use of
medication to treat ocular conditions, current use of systemic
medication that may have an impact upon successful contact
lenswear or vision, known ocular or systemic disease, findings
identified during contact lens assessment that would preclude
contact lens wear, and not being able to provide informed
consent without the aid of an interpreter, as no funding was
available for the provision of interpreter facilities.

Ethical Approval

The study was granted ethical approval by the National Health
Service Research Ethics Committee on May 26, 2016, and by
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Aston University Research Ethics Committee on June 2, 2016.
Thetrial isregistered at Clinical Trials.gov (NCT02686879).

Sample Size

Sampl e size has been cal cul ated using G* Power (version 3.1.9;
Franz Faul, Universitat Kiel, Germany) for asignificance level
of alpha=.05 at 80% power while also allowing for attrition.

Statistical Analyses

All data will be analyzed using the commercially available
software SPSS version 23 (IBM, NY, United States) using a
repeated-measures mixed analysis of variance design with 1
between-subject factor and 1 within-subject factor. Principal
outcomes measures are: changein axia eye growth and change
in refractive error.

Results

Recruitment commenced on June 6, 2016, and was completed
on April 8, 2017. We estimate the data collection to be
completed by April 2020.

Discussion

The prevalence of myopiaisincreasing at an alarming rate in
many parts of the world [14]. Given the association between
myopia and increased risk of ocular comorbidity later in life
dueto excessive axial eyegrowth[15], the need to arrest myopia
progression during childhood is clear.

There is now compelling evidence that axial eye growth and
the subsequent myopia progression can be slowed through a
range of interventions, including the use of multifocal contact
lenses[11-13]. However, despite the lifelong burden and visual
consequences of hyperopia commencing in early childhood,
there is a paucity of evidence in relation to modulating axial
eye growth in this cohort.

If it is possible to slow axial eye growth in myopes by
manipulating the peripheral retinal image shell, encouraging
axial eye growth in hyperopes using the same rationae is
plausible, and this notion is supported by theliterature on animal
research [10]. Further, peripheral refraction measures differ as
a result of retina shape, with myopes typically exhibiting
relative peripheral hyperopia and hyperopes tending to be
relatively myopic in the periphery [8]. These characteristics
support the proposal to impose relative peripheral hyperopic
defocus aimed at stimulating axial eye growth in hyperopes.
Indeed, the progression of axial myopiain childrenisassociated
with hyperopic relative peripheral defocus [16]. In addition to
the primary outcome measures, changesin therelative peripheral
refraction as aresult of the intervention will be elucidated.

Theclinical trial outlined herewill determine, for thefirst time,
whether axial eye growth and refractive error can be accelerated
in hyperopic children using multifocal contact lenses. The
outcome could have far-reaching implications for the visual
prognosis of children with hyperopia.
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