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MYOPIA MANAGEMENT
OPTIONS: VWHO, VWHEN,
WHAT, AND HOW
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ith the February 2019
publication of the
International  Myopia
Institute  (IMI) White
Paper reports, a line
was drawn in the sand.
Involving more than
80 academics and taking 18 months, the IMI reports
present robust peer consensus on a wide scope of topics
relating to the research of myopia mechanisms, prod-
uct research and development, clinical and indus-
try best practices, and the public health message. In
a spirit similar to the Tear Film and Ocular Surface
Society Dry Eye Workshop (TFOS DEWS & DEWS 1)
reports, the IMI reports create a picture of the current
landscape of myopia research and practice with an eye
toward the future.

The core message of the IMI Clinical Management
Guidelines report is simply: Do something—something
more than prescribing a single-vision correction to a pro-
gressing myope.! Depending on mode of practice, indi-
vidual practitioners may have access to few or all correc-
tions that have been scientifically investigated for reduc-
ing the speed of axial elongation in progressive myopia,
including specific spectacle lens options, multifocal soft
contact lenses, orthokeratology (ortho-k), and atropine.

The basis of myopia management starts with pre-
scribing the best vision correction, which also provides
efficacy for myopia control, necessitating a longsighted
view of the future risks of pathology while holding in
check the shortsighted concerns of treatment risks, such
as those inherent with pharmacologic or contact lens
options.? Which option should you choose for the young
progressing myope in your chair? This article aims to
collate a vast amount of research into clear messages and
imperatives for clinical practice.
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WHOM TO MANAGE: THE PRE-MYOPE

The IMI—Defining and Classifying Myopia Report
clearly describes the heretofore disputed diagnosis of a
pre-myope, a child at significant risk of myopia onset,
based on application research evidence.?

The four key principles for assessing risk of myopia
onset include:

e Family history. One myopic parent increases risk

three-fold; two myopic parents doubles this risk again.*

e Visual Environment. Less than 90 minutes a day

The core message of the
IMI Clinical Management
Guidelines report is simply:
Do something—something
more than prescribing a
single-vision correction to a
progressing myope.'

spent outdoors increases risk, particularly when com-
bined with more than three hours a day spent on near-
work activities (outside of school time).”

® Binocular Vision. Children with higher accom-
modative convergence (AC/A) ratios, typically seen
with esophoria, have an increased risk of myopia de-
velopment within one year of more than 20 times.®
Accommodative lag also may be a risk factor, but there
is conjecture.” Intermittent exotropia also has been
associated with onset of myopia.®
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¢ Current Refraction. The most significant risk factor

for future myopia is if a child exhibits 0.50D or less of

manifest hyperopia at age 6 to 7. This risk is indepen-
dent of family history and visual environment.’

In addition, the fastest rate of refractive change in
myopic children occurs in the year prior to onset,' so
the child who is less hyperopic than age-normal should
be closely monitored, particularly if concurrent risk
factors are evident.

What treatment should you offer the pre-myope? The
most robust evidence-based management is to provide
education about visual environment, particularly achiev-
ing at least 90 minutes a day outdoors.! Managing bin-
ocular vision disorders makes sense from an orthoptic
and visual comfort point of view, but despite the links
between specific binocular vision disorders and myopia
onset, the specific influence of managing these disorders
on myopia onset has not been assessed.

One study undertaken in China evaluated the use of
0.025% atropine for at least 12 months in children from
6 to 12 years old with spherical equivalent refraction of
less than +1.00D, defining this as pre-myopia. Of the
24 children in the treatment group, only 21% became
myopic, while 54% of the 26 children in the control
group did become myopic.!? This study has not been
replicated, and applying these findings to clinical man-
agement for pre-myopia would involve a robust informed
consent process with parents.

WHEN TO MANAGE: CHILDHOOD

Research indicates that any myopic child is likely
to be a progressor until proven otherwise. The com-
mencement of a myopia management strategy as early as
possible is evidence-based practice, particularly by age 9.

The following factors are linked to faster childhood
myopia progression:

® Age. The younger a child is when he or she becomes
myopic, the faster the myopia will progress, with chil-
dren 7 years of age progressing by at least 1.00D per
year, then halving that by age 11 to 12 years."
e Family History. Children with two myopic par-
ents have been shown to be the fastest progressors in
single-vision spectacle and atropine corrections. Chil-
dren with one myopic parent progress less than the
former but more than the child without such family
history.!*1°

e Visual Environment. Near work at less than

20cm working distance and durations of longer than

45 minutes have been linked with increased myopia

progression.

e Ethnicity. Asian ethnicity has been linked to faster

myopia progression.'*!®

e Binocular Vision. Clinicians should observe

for esophoria, accommodative lag, and intermit-
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tent exotropia. In myopia control studies of progres-
sive-addition spectacle lenses (PALs), children with
esophoria in single-vision spectacle control groups
were found to progress more quickly,'” and children
with a larger baseline accommodative lag in the PAL
groups showed statistically greater treatment effect.'®
Children with lower baseline accommodative ampli-
tude have shown a greater myopia control response

Research indicates that

any myopic child is likely

to be a progressor until
proven otherwise.

to ortho-k contact lens wear compared with normal

accommodators.” While the effect of controlling in-

termittent exotropia (IX'T) on controlling myopia has
not yet been studied, 50% of children with IXT are

myopic by age 10 and 90% by age 20.%

Myopia tends to stabilize in about half of young
people by around age 15, increasing to 77% by age 18
and 90% by age 21.%” Myopia progression still exists in
young adults, as a Scandinavian case series showed that
45% progressed by at least 0.50D in their 20s.”' Around
20% of myopic contact lens-wearing adults ages 20 to 40
years will progress by 1.00D or more over five years.”
When it comes to late-onset myopia, occurring at 16
years or older, a large study from the United Kingdom
observed that 49% of 44-year-olds were myopic, with a
surprising 81% being late onset.”” There is also consider-
able evidence of myopia onset and progression among
specific occupational groups during demanding tertiary
study courses, with medicine, law, and engineering pro-
viding a few examples.”*?

Beyond these studies, there is a scarcity of longitudi-
nal data showing the normal course of myopia progres-
sion in young adulthood in any population, and no data
on control of myopia specific to young adult progression.
Hence, any application of risk factors and treatments
involves some extrapolation, and care must be taken to
provide reasonable expectations and informed consent
for any myopia management process in this population.

HOW TO MANAGE: DESCRIBING MYOPIA
CONTROL EFFICACY

Typically, myopia control studies present their results
as a percentage control rate, i.e., the amount of reduced
progression of refractive change or axial length growth
provided by the treatment in comparison to the control
group. Understanding and communicating percentage
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Q1: IS THE CHILD A POSSIBLE CONTACT LENS WEARER?

l

YES: Fit with OK or MFSCLs

l

NO: Spectacle lens options +
low-dose atropine

(Skip straight to Q3)

Figure 1. Clinical decision tree for myopia management, Question 1.48

rates of myopia control can be complex, as the study
design and control group parameters affect the final
outcome in a single study. For example, an older con-
trol group generally will show lower progression and a
lower percentage efficacy, so meta-analyses provide the
best indication.

A recent meta-analysis of eight multifocal and novel
myopia control soft contact lenses found a mean efficacy
of 30% to 50%,” and similar meta-analyses undertaken
on ortho-k studies showed a 45% to 50% mean efficacy.”*

The concept of reducing
progression by about half...
clarifies the immediate
expectation that there is
nothing we can prescribe
yet that will halt the
progression of childhood
myopia. We can only
work to slow it.

A key paper on low-dose atropine published in 2016
compared 0.5%, 0.1%, and 0.01% concentrations, and in
the first two years of the study found greater efficacy with
the higher dosage.” For the next year, all treatment was
ceased, and the higher-dosage groups showed a greater
percentage of rebound, defined as progression of 0.50D
or more in that year. The third phase of this study saw all
participants treated with 0.01% atropine for an additional
two years, with the final outcomes showing that the
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children who had been treated with 0.01% atropine
throughout had the lowest mean rate of progression over
the total five years.” This group discontinued treatment
for one year in the middle of the study, and there was
no control group throughout the five years, so a precise
percentage efficacy cannot be calculated.

When compared with a concurrent control group,
however, a newer study found that 0.01% has a mini-
mal effect on axial length control; 0.025% offers around
30% and 0.05% around 50% efhcacy for reducing
axial elongation. These lower concentrations appear to
have minimal side effects of mydriasis and cycloplegia
compared to previously studied concentrations of 0.1%
and higher.*

Taken together, these findings enable practitioners
to simplify the myopia management efficacy message to
parents. Generally, we can expect around 50% efficacy
from multifocal soft contact lenses, ortho-k, or 0.025% to
0.05% atropine. The concept of reducing progression by
about half is simple to understand for practitioners, easy
to explain to parents, and clarifies the immediate expec-
tation that there is nothing we can prescribe yet that will
halt the progression of childhood myopia. We can only
work to slow it.

WHAT TO PRESCRIBE FOR
MYOPIA MANAGEMENT

The first responsibility of an optometrist is to correct
vision. Thus, the logical frontline choice for myopia
management is a treatment that corrects ametropia and
provides myopia control, thus contact lens options. Con-
sidering that multifocal soft contact lenses and ortho-k
have similar myopia control efficacy on meta-analysis,*’
practitioners can make a selection based on a patient’s
suitability, and the practitioner’s access to and experi-
ence with various modalities, expecting that a similar
myopia management result is likely to be achieved.

The answers to the following three questions may
help with this decision.
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Q2: DO | HAVE BOTH OK AND MFSCL OPTIONS AVAILABLE TO ME?
! .

( YES: Fit with OK or MFSCLs J ( NO: Fit what you’ve got! J

v ! s ‘

Q3: IS BINOCULAR VISION NORMAL OR ABNORMAL?

[ NORMAL j (ESOPHORIA / Accom Lag] [ EXOPHORIA ]

! ! !

4 N\
Q1l: Is the (YES‘ OK'or MFSCLS) YES: OK or MFSCLs if BV is well

. managed. If not Rx Near All /
child o ( NO: Bifocal and ) | VT in addition to CL wear, or in

YES: Beware! Exophoric shifts frequently
occur in myopic CL wear. May need to Rx
prism specs / VT to control BV, or in extreme

*I's safe to assume

Q2b: Are there

Q2b: Is the cornea

Q2a: Does the child

1 ‘l
1 1
1 1
1 1
1 that pretty much ! : cases work on BV in specs first.
have 0.75D or more too flat or eyes significant safety E everyan)e th access | P?SSltbl|e prismafic l:lfsﬁstngll | extreme cases go back fo PALs. 5 /
. i ! . . . 1 H 1 n n 4 . . - L .
astigmatism in either | otherwise unsuitable concerns? ¢ fo spherical and ' o but PALs will have | N | NO:Bifocal / Ensmohc bifocals will have
eye? ||: es fOI’ oKe H: es |f es : toric MFSCLs, in D ! wearer? minimal effect. some effect, but consider BV to avoid
y 5 y 000 5 y coo y coo | Centered presbyopid H Consider low-dose NO: PALs will have a reasonable intermittent exotropio. SVD lenses with
i esigns i atropine—a near myopia control effect, more so prism / VT may be required to control BV.
i ) ' add may be needed than bifocals. Consider low-dose qtro;)ine—side effects may
i/ \l l/ i l Tommmmomommmoneoes ’ due to side effects.* require PAL / BF lenses.*
. J \ J \ <

( OrthoK J (Toric MFSCLS*J ( Spherical MFSCLS*J

( Daily disposable MFSCLs J

Figure 2. Clinical decision tree for myopia management, Question 2.48

Question 1: Is the child a willing and suitable contact
lens wearer (Figure 1)?

Question 2: Do | have the appropriate modalities
available to me? If the answer to Question 1 is yes, then
your prescribing decision will be a combination of what
is available to you in practice and factors specific to your
patient, such as astigmatism and safety concerns. Cur-
rently, there are several ortho-k lens designs: daily dispos-
able myopia-controlling and multifocal contact lenses
(spherical), and monthly distance-center spherical and
toric multifocal designs. It is safe to assume that almost
everyone has access to the latter, regardless of mode of
practice. Thus, any patient willing and able to wear con-
tact lenses should be able to access one of these options.
See Figure 2 for a flowchart of these contact lens pre-
scribing considerations.

Another several thousand words could be written
about the different types of contact lens options. In the
marketplace, some of these designs have been robustly
studied and some are claiming reasonable similarity of
design and, hence, efficacy. For my take on which mul-
tifocal soft contact lens is best, another few thousand
words are available for consumption and pondering at
https://myopiaprofile.com/understand-the-options,
where specific literature reviews on multifocal soft con-
tact lens efficacy, function, refractive outcomes, and
safety are discussed.

Similarly, the customization of ortho-k lenses to im-
prove myopia control efficacy is a hot topic. At this stage,
it has been shown that reducing the central optic zone
diameter of an ortho-k lens will have a measured change
on topographical effect,** but the influence of this on
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peripheral refraction and whole-eye aberrations is com-
plex,” and the effect of this on myopia control efficacy
has not yet been examined in a peer-reviewed format. For
this reason, it is fair to consider any ortho-k contact lens
design to have similar efficacy for myopia control, as sev-
eral designs have performed similarly on meta-analysis.?®

Question 3: Is the patient’s binocular vision normal
or abnormal? The next level up in customizing a myopia
management treatment choice, particularly in terms
of spectacle lenses, is consideration of binocular vision
function. We know that single-vision spectacle lenses
provide no useful efficacy for myopia control, and in fact,
are used as control corrections in myopia control studies,
demonstrating the untreated progression of childhood
myopia.” Progressive-addition and bifocal spectacle
lenses have shown reasonable research results for
myopia control, and novel designs have been developed.
Figure 3 summarizes how binocular vision function
has been shown to interact with myopia control efficacy
and visual comfort. This is particularly important for
spectacle lens options.

WHAT TO PRESCRIBE: SPECTACLE LENSES

There is speculation about PAL or bifocal spectacles
having any useful effects for myopia control,*** just as
there is speculation about peripheral refraction being a
factor in myopia development and progression.’* It is
important to be aware of the indications and evidence
for spectacle lens myopia control, as this is likely the first
correction we will prescribe, particularly for younger
children when the child (or perhaps the parent) is not
ready for contact lenses. Spectacle lenses are also an
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*SVD spectacles may be suitable here if the child is older, has a recent history of myopia stability, or
binocular vision status indicates non-tolerance of a near add |i.e., exophoria).

Figure 3. Clinical decision tree for myopia management, Question 3.48

important adjunct treatment for soft contact lens wearers
as a back-up correction and if atropine is being prescribed
as a first-line treatment.

Studies of PALs for myopia control show negligible
results when single adds are applied to all children;
however, when applied to children with esophoria and

Studies of PALs for myopia
control show negligible
results when single adds

are applied to all children;
however, when applied

to children with esophoria

and accommodative lag,
the results become
more impressive.

accommodative lag, the results become more impressive
at 30% to 40% efficacy and start to approach that of con-
tact lens studies.''®

By comparison, a three-year bifocal study found 40%
to 50% efficacy for a +1.50D add E-seg bifocal with
3 base-in (BI) prism incorporated.* Does this mean
bifocals or the included prism are more effective than

clspectrum.com

PALs? Perhaps, or maybe this finding had more to do
with the study design that, first, ensured that all partici-
pants were demonstrated myopia progressors in the year
prior to study entry and, second, by considering bin-
ocular vision. The use of the BI prism was designed to
balance accommodation and vergence systems, not to
reduce the response of either system. In a prior study,
these authors had tested a combination of adds and Bl
prism, measuring accommodative lag and exophoric
shifts. The +1.50D add with 3 BI right and left ensured
that there was no change to lag or phoria once a patient
was wearing the bifocal, essentially making the treatment
mechanism about the large area of differential focus
provided by the add section of the lens rather than the
effect on binocular vision.”" The BI prism ensured that
the exophoric children did not get more exophoric with
the add, but would not necessarily have provided the
orthoptic correction for esophoria that is typically desired
when prescribing a near add.

How well did the bifocal work? Cheng et al®
investigated a standard bifocal with a +1.50D add, and
the same add with the 3 BI prism for each eye. After
three years of wear, they found a moderate myopia
control effect—around 35% for axial length and 50% for
refractive change—in children who were orthophoric
and exophoric in their baseline single-vision correction.
These results are similar to those found with contact lens
options on meta-analysis””* and the newest study on
0.025% and 0.05% atropine."”

Regarding the influence of binocular vision, Cheng
and colleagues found a minimal effect in the baseline
esophoric children, but the group was small, so there
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Figure 4. Simultaneous defocus demonstrated in a multifocal soft contact lens/ortho-k (left) and bifocal spectacle lens
(right). The red zones indicate the areas of relative ‘add’ compared to the distance correction. The red ray traces
and dots indicate the myopic retinal defocus produced by these ‘add’ zones, both on-axis and peripherally.

was less statistical power.* When analyzed by accommo-
dative lag, the two-year results showed a similar effect of
both bifocal types in children with high accommodative
lag (>1.00D) but a better result with the prismatic
bifocals in children with low accommodative lag.*

Which spectacle lens option should you use in prac-
tice? If you measure esophoria and accommodative lag
in single-vision correction, a PAL is an evidence-based
myopia control choice. If you measure orthophoria,
exophoria, or normal accommodation (lag <1.00D) in
single-vision correction, a bifocal or prismatic bifocal is
the better choice (Figure 3). A child with low accom-
modative lag (<1.00D) may respond better to the bifo-
cal lens with prism to minimize the influence of the add
on binocular vision function. Keep in mind, however,
that if an add makes an exophoric child break down into
intermittent exotropia, this condition has been associated
with myopia progression (Figure 3).°

Even though the numbers of esophores were small
in the bifocal study, the fact that they didn’t work well
for the esophores in a study where the bifocal add was
counteracted with Bl prism (to intentionally have a
minimal influence on binocular vision) indicates that
binocular vision likely does play a role for some children,
and contact lens research is confirming an interaction
between accommodative response in multifocal and
ortho-k treatments and myopia control efficacy.”*

HOW: MECHANISMS OF
MYOPIA CONTROL

Myopic eyes have been shown to have relative
peripheral hyperopia (RPH), which is theorized to drive
eye growth to the point of hyperopic defocus behind
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the retinal plane. This theory has been demonstrated in
numerous animal models,’ but, as yet, a clear relation-
ship between altering RPH and myopia control efficacy
across these treatments has not been proven. There is
speculation that peripheral refraction may be a factor in
myopia development and progression,”* just as there
is speculation about binocular vision playing a role via
spectacle lens treatments.’**” Another optical influence,
simultaneous defocus, could be at play.

Instead of thinking of peripheral refraction, think of
how a distance-center multifocal will cast zones of clear
retinal focus (the distance portion/s) and also zones of
myopic defocus (the add portion/s) across the retina.
This can be imagined as an on-axis depth-of-focus effect
(see the red zones and focus depicted in the contact lens
example of Figure 4) or also on the peripheral retina (the
bifocal spectacle lens example of Figure 4). In animal
studies, creating these conflicted zones of retinal defo-
cus appears to influence the retina to pay attention to
the more myopic plane, essentially halting eye growth,
rather than the eye averaging the two planes.”” In PAL
or bifocal spectacle lenses, the large zone of add in the
inferior lens creates a relative peripheral myopic shift on
the superior retina (the red zone and focus shown in the
right image of Figure 4). One study has found a relation-
ship between the amount of relative peripheral myopia
created by the inferior add zone and the myopia control
effect of PALs.*

The concept of simultaneous defocus has been ap-
plied in a new spectacle lens technology for myopia con-
trol. The award-winning Defocus Incorporated Multiple
Segments (DIMS) spectacle lens, developed at Hong
Kong Polytechnic University, was recently released in
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Asia. The DIMS lens has a 10mm clear central optical
zone with the distance correction and is covered with
+3.50D lenslets with regions of the distance correction
between the lenslets. The intended result is that wherever
a child looks through the lens, he or she will experience
50% of retinal focus as the distance correction and 50%
of the +3.50D add. The DIMS lens looks like a single-
vision lens but could work more like a contact lens be-
cause of its innovative design, and it has shown contact-
lens-level results of 50% refractive control and 60% axial
length control in the newly published two-year study.”

THE BOTTOM LINE

The imperative for managing myopia as a preventive
eye health measure is clear: to reduce the lifelong risk
of myopia-associated pathology and visual impairment.

The options are numerous, and all eyecare practitioners
have access to at least some of these spectacle and con-
tact lens designs. Research outcomes and industry inno-
vations continue to add new tools to our myopia man-
agement arsenal. The responsibility lies with each indi-
vidual practitioner to first initiate the conversation about
myopia risks and reasons to control them, and then to
stay informed about new developments while providing
these spectacle, contact lens, and pharmaceutical treat-
ments to young myopic patients. CLS
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