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Refractive Error

e Common refractive errors
_ it Myopia (short-sightedness)
_ fR  Hyperopia (long-sightedness)
. - B0t Astigmatism
~ _ Anisometropia
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Myopia - Risks

« Parental myopia . E{E
- Genetic? . EiEEE
- Environment?
= I
 Near work load Eﬁﬁiﬁﬁ?ﬁﬁﬁ 1€
« Lack outdoor exposure - RRZF N EE

- FRHMEEEIR
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Ophthalmic Associates

Prevalence of Myopia in Childre

VTR FFEAE

Myopia % 6.3 (1 18.3 61.5 @

Myopia% 17.6 26.4 45.0 49.8 57.6 60.1 57.7

High 0.7 00 14 16 1.7 3.8 3.8
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Myopia-associated Diseases

- Cataract

- Glaucoma

- Retinal detachment
- Maculopathy




Peripheral
light rays

Myopia - Mechanism

Myopic Defocus

Increases Myopic Refractive Error

Hyperopic Defocus:
Stimulus for further

Peripheral
light rays

increase in axial length

Optical Defocus JtEBEE

Hyperopic defocus (image
behind retina).

peripheral defocus can
dominate central refractive
development, regardless of
the presence of unaffected
central vision.

Human: myopic unaided
eyes tend to show
hyperopic Relative
Peripheral defocus in the
horizontal meridian

Changes Choroidal
thickness?



Myopia - Mechanism

e 7. Accommodative lag

- Myopia: for near vision,
accommodation required

- Accommodative lag - image
behind fovea = hyperopic
defocusing signal




Outdoor Exposure

* Rose et al, Ophthalmology 2008, Sydney Eye Study

e« “More time spent outdoors, rather than sport per se, were
associated with less myopia and a more hyperopic mean
refraction, after adjusting for near work, parental myopia, and
ethnicity.”

* Rose et al, Arch Ophthalmol. 2008
e 6-7 years old Chinese children in Sydney vs Singapore
« Myopia: 3.3% Sydney, 29% Singapore

« Sydney more reading time and more near work, but outdoor
\ time was 14 hours vs 3 hours per week




Outdoor Exposure

e Prevents/delays onset vs slow myopia progression

e 3 Chinese Interventional Studies: Extra outdoor class at school.
Reduce myopia incidence, no effect on myopia progression

Wu et al, Ophthal 2013 (Taiwan, 571 primary school children)

He et al, JAMA 2015 (Guangzhou, 952 vs 951 control, primary 1
students)

Jin et al, BMC Ophthal 2015 (NE China, 391 primary and junior
high).
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Myopia Progression

e« Jones LA et al. I0VS 2005:

« Between age 7 to 12, the average rate of axial length elongation is
approximately

- 0.12 mm/year in emmetropes
- 0.28 mm/year in myopes. (~ 0.75D)

among refractive error groups in children. Invest
almol Vis Sci 2005;46:2317-27



Myopia Control

e Progression

- Fast progression: 1D /
year (0.36mm / year)

e High parental myopia / strong
family history
e Reduce myopia-related
morbidities
,/)t
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Healthy Eye Habits
Spectacles:

- various designs (eg
MyoVision, DIMS)

Contacts:

- Ortho-K;

- defocus-incorporated

Pharmacological: Atropine
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Tips for Preventing Myopia

HRMRERET 14\ FFINER « BB REMNBYRSE BB
$Y) - LEMBANTBRUSNRBREMSITES - BISRKISR B
BOBSIESRIREIR

Some studies have shown that exposure to sunlight is benefits to the developing eyes
and children who spend 14 hours a week outdoors have a reduced chance of devel-

oping myopia.

BRAFPNRET -
Early childhood literacy is not preferred.

BWASAIERERIR - BT - @RERLOER -
Reduce the time spent on near task, e.g. Reading, writing and drawing.

ERREERRASHAR @ B IRISRES -
Get adequate sleep and reduce eye strain.

RFRESE - 19@NA -
Keep a healthy and balanced diet.

BiR  BRACATER - ARFRIBZY  FEREAYERL ' RIS
REFERGBO0EXKIER -

Keep a good posture when you are reading, writing or using a computer. Do not bend
over the desk and keep a reading distance of at least 30 cm.

WRNBUESAERTF - SR=+2BRERAKB=1#  TL@ED
HREEATY) - RIRESHASEINT

During prolonged near work, look at a distant object (eg out of the window) for 30
seconds every 30 minutes. This will relax your eye muscles.

BRERIANENRIREIRAIE FHE, - FI0RSE/RE - DIRIEER
AE -
Avoid reading or playing video games in shaky environments such as moving cars.

§E§9ﬁﬁ—m'@Eﬁﬂﬂﬁumi\mﬁmﬁﬂﬁ’ﬂﬁﬂﬁ:
Get your eyes tested comprehensively at least once a year. z




SPECTACLES




Under-correction?

o Rationale: reduce accommodation need; induce myopic defocus
(images in front of retina)

e Chung et al, Vision Res. 2002

- 2 year RCT, Malaysia, undercorrect by 0.75 D:

- enhanced myopia progression by 0.23 D rather than control
o Adler and Millodot, Clin Exp Optom. 2006

- 18 months RCT, Israel, undercorrect by 0.5 D

\ - Again progression faster by 0.17 D




Special - design Spectacles

Ordinary lens
e )  When compared with the
uncorrected situation,
peripheral hyperopic
defocus was increased by
single vision lenses (SVLs) in

myopic eyes
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\ The image behind retina stimulating near sight increase
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MyoVision (Zeiss)

Optom Vis Sci. 2010 Sep;87(9):631-41. doi: 10.1097/0PX.0b013e3181ea19c7.

Spectacle lenses designed to reduce progression of myopia: 12-month results.
Sankaridurg_P1, Donovan L, Vamas S, Ho A, Chen X, Martinez A, Fisher S, Lin Z, Smith EL 3rd, Ge J, Holden B.

e Reduced peripheral
hyperopic defocus

e 1 year, 201 Chinese school
children aged 6 - 16 years old
with myopia (-0.75 D to -3.5
g D)
= } ! i} — - 30% reduction in myopia
~' - (-0.68 D vs -0.97 D) in a
subgroup of 19 younger
children (6 to 12 years
The image is projected onto the retina AEOHECICH THYGRC eye Wit 4 At 10rin

: ; lens. The image is projected onto the retina Old) W]th at leaSt one
centrally, BUT in front of (or on) the retina sl BT Bahie fhe et Geresl .
peripherally el I 18 Ry myOplC pa I'ent.

A corrected myopic eye with MyoVision™,




Myovision
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MyoKids (Zeiss)

e reduces accommodative lag
e Good for kids on high dose atropine
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PASLs - Progressive additional
spectacle lens

o eg Kidspro Swisscoat; Essilor Myopilux

e reduce hyperopic defocus and compensate for reduced
accommodative response

« Conflicting results from RCTs Different lens design?

- HK Study 0.5 D less over 2 years in PASLs group; COMET Study
0.2 D over 3 years

- More near-add has more effect
- More beneficial in esophoria kids (uncommon in myopia)
«~.Most other s.t“udi owed mild effect: < 0.25 D over 2 years




Bifocals

Randomized Trial of Effect of Bifocal and Prismatic
Bifocal Spectacles on Myopic Progression

Two-Year Results

Desmond Cheng, OD, MSc, PhD; Katrina L. Schmid, PhD; George C. Woo, OD, MSc, PhD; Bjorn Drobe, MSc, PhD

Objective: To determine whether bifocal and pris-
matic bifocal spectacles could control myopia in chil-
dren with high rates of myopic progression.

Methods: This was a randomized controlled clinical trial.
One hundred thirty-five (73 girls and 62 boys) myopic
Chinese Canadian children (myopia of 21.00 diopters
[D]) with myopic progression of at least 0.50 D in the
preceding year were randomly assigned to 1 of 3 treat-
ments: (1) single-vision lenses (n=41), (2) +1.50-D ex-
ecutive bifocals (n=48), or (3) +1.50-D executive bifo-
cals with a 3-prism diopters base-in prism in the near
segment of each lens (n=46).

Main Ovtcome Measures: Myopic progression mea-
sured by an automated refractor under cycloplegia and
increase in axial length (secondary) measured by ultra-
sonography at 6-month intervals for 24 months, Only the
data of the right eye were used.

Results: Of the 135 children (mean age, 10.29 years [SE,
0.15 years|; mean visual acuity, -3.08 D [SE, 0.10 DI),
131 (97%) completed the trial after 24 months. Myopic

progression averaged =1.55 D (SE, 0.12 D) for those who
wore single-vision lenses,~0.96 D (SE, 0.09 D) for those
who wore bifocals, and =0.70 D (SE, 0.10 D) for those
who wore prismatic bifocals. Axial length increased an
average of 0.62 mm (SE, 0.04 mm), 0.41 mm (SE, 0.04
mm),and 0.41 mm (SE, 0.05 mm), respectively. The treat-
ment effect of bifocals (0.59 D) and prismatic bifocals
(0.85 D) was significant (P <.001) and both bifocal groups
had less axial elongation (0.21 mm) than the single-
vision lens group (P<.001).

Conclusions: Bilocal lenses can moderately slow my-
opic progression in children with high rates of progres-
sion after 24 months.

Applications to Clinical Practice: Bifocal spectacles
may be considered for slowing myopic progression in chil-

dren with an annual progression rate of at least 0.50 D.

Trial Registration: clinicaltrials.gov Identifier:
NCT00787579

Arch Ophthalmol. 2010;128(1):12-19

Address problem of
accommodative lag

Esp in near esophoric
Cosmetic concern

1 RCT on prism-
incorporated bifocal

- Benefits in fast
progressors. Similar to
bifocal without prism



DIMS (Hoya)

e PolyU

e Defocus - incorporated
multisegments

- +3.5D myopic defocus

e Same effect at all direction of
gaze




DIMS (Hoya)

e 2year RCT

- 59% (-0.55 +/- 0.09D)
myopia reduction

- 60% (0.31 +/- 0.04) reduction
in axial elongation

- Same D + N VA at photopic &
mesopic; same stereo




CONTACTS




Defocus-incorporated soft
contact lens

Lightrays from an object
entering the optical zone
with less -ve power are
focused in front of the
retina (B)

Lightrays entering the
optical zone with full
correction of myopia
are focused at the
retina (A)

Provides simultaneous clear
vision and myopic defocus

Same effect with all direction
of gazes

Anstice and Phillips,
Ophthalmology 2011 :

- 20-month cross-over study,
involving 40 children aged
11-14 years

- 0.44 D vs 0.69 D in period
one; 0.17 D vs 0.38 D in

period two



~ MiSight (CooperVision)

-

FT
Sa,
22,
\j
A
22"
q B Distance correction
72 [ Treatment zones, creating 2.000 of myopic retinal defocus
FC ! Distance correction focus
FT: Treatment zone focus

 Daily disposable soft lenes

« If > 1.0 cylinder may need additional spectacles

May affect BCVA esp if large pupils? " ,'

FC

« No cylinder. /“\b _
ot T )




DISC (VST)

e PolyU-designed
e incorporated concentric rings: +2.5D defocus, alternating with the
normal distance correction. 3-monthly ($9000/year)

e 2-year RCT:
221 children, aged 8 - 13 years, -1.0to -5.0D
0.3 D/ year (DISC) vs 0.4 D / year (control) -”’25%”

Treatment effect correlated positively with wearing time; 7-8
hr / day optimal, - 60% reduction in progression (0.53D)

42 % drop out rate: Poor compliance. Needs high motivation

Defocus Incorporated Soft Contact (DISC) lens
slows myopia progression in Hong Kong Chinese
schoolchildren: a 2-year randomised clinical trial

Carly Siu Yin Lam," Wing Chun Tang," Dennis Yan-Yin Tse,"* Ying Yung Tang,"
Chi Ho To"*




Ortho-K

Custom designed rigid lenses, overnight wear, temporarily modify
the curvature of cornea

Breathable rigid lens material
Reverse geometry designs
- Central flattening and Mid-peripheral steeping
Central flattening - correction of daytime myopia
Changes peripheral hyperopic defocus into myopia defocus
FDA apéroved 2002 (Paragon vision sciences) and 2004 (B&L)




Ortho-K

Alignment T

Curve 1
Alignment N\ Back Optic Zone Radius
Curve 2 —, Base Curve Radius

Reverse Curve

Peripheral Curve

Alignment Curve 2 ———=»

Alignment Curve 1 —#F~—»

Reverse Curve —————»

Base Curve

Practical considerations:
Cooperation / willingness
Gender
- Age
Parents motivation
- Costs
Sports
Anisometropia



OK % (JEtRB AR R)

Corneal Shape Before Corneal Shape After
Ortho K Lens Ortho K Lens




Ortho-K

1. Improves daytime unaided VA

- Effective in correcting myopia < 4-6 D (spectacle
free)

- Partial-reduction orthokeratology for higher myopia
- Temporary effect
- Toric ortho-K
\L Slows Myopia Progression
Z /Slows .“'e-ef.a.xi'al length elongation




Meta-analysis

«
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Efficacy Comparison of 16 Interventions
for Myopia Control in Children

A Network Meta-analysis

Jinhai Huang, MD,"*** Daizong Wen, MD,'" Qinmei Wang, MD,"** Colm McAlinden, MB BCh, PhD,"*""
lan Flitcroft, FRCOphth, DPhil,”* Haisi Chen, MD, " Seang Mei Saw, PhD," Hao Chen, MD,

Fangjun Bao, MD,"* Yune Zhao, MD,"* Liang Hu, MD,"* Xuexi Li, MD,” Rongrong Gao, MD, "~

Weicong Lu, MD,"* Yaogiang Du, MD," Zhengxuan Jinag, PhD,” Ayong Yu, PhD,"* Hengli Lian, MS,”
Qiuruo Jiang, MD,"”* Ye Yu, MD,"* Jia Qu, MD, PhD"

Purpose: To determine the effectiveness of different interventions to slow down the progression of myopia in
children.

Methods: We searched MEDLINE, EMBASE, Cochrane Central Register of Controlled Trials, World Health
Organization International Clinical Trials Registry Platform, and ClinicalTrials.gov from inception to August 2014.
We selected randomized controlled trials (RCTs) involving interventions for controlling the progression of myopia
in children with a treatment duration of at least 1 year for analysis.

Main Outcome Measures: The primary outcomes were mean annual change in refraction (diopters/year) and
mean annual change in axial length (millimeters/year).

Results: Thirty RCTs (involving 5422 eyes) were identified. Network meta-analysis showed that in compar-
ison with placebo or single vision spectacle lenses, high-dose atropine (refraction change: 0.68 [0.52—0.84]; axial
length change: —0.21 [-0.28 to —0.16]), moderate-dose atropine (refraction change: 0.53 [0.28-0.77]; axial
length change: —0.21 [-0.32 to —0.12]), and low-dose atropine (refraction change: 0.53 [0.21-0.85]; axial length
change: —0.15 [-0.25 to —0.05]) markedly slowed myopia progression. Pirenzepine (refraction change: 0.29
[0.05-0.52]; axial length change: —0.09 [-0.17 to —0.01]), orthokeratology (axial length change: —-0.15 [-0.22
to -0.08]), and peripheral defocus modifying contact lenses (axial length change: —0.11 [-0.20 to —0.03])
showed moderate effects. Progressive addition spectacle lenses (refraction change: 0.14 [0.02—0.26); axial length
change: —0.04 [-0.09 to —0.01]) showed slight effects.

Conclusions: This network analysis indicates that a range of interventions can significantly reduce myopia
progression when compared with single vision spectacle lenses or placebo. In terms of refraction, atropine,

e Sun et al, PLoS One
2015:

- 7 studies (2 RCTs)

0.14 mm/year
than control

- No keratitis

e Huang et al,
Ophthalmology 2016:

- Network meta-
analysis:

- -0.15 mm/year
than control



OK & Myopia Progression -
Summary

o Slows AL elongation by ~ 40-50%
o Advantage of being spectacle-free in daytime
« Not all children tolerate OK (up to 30% drop out in some studies)
o Unanswered question:
- Exact mechanism? / Exact duration of use? / Risks?
- Rebound after cessation?

. KAost patients in studies continued OK use till adulthood,
\ used to spectacle-free in daytime

-“,/\




Microbial Keratitis

Watt & Swarbrick, Eye Contact Lens 2007

123 cases of OK -associated infectious keratitis 1997 to 2007
Pseudomonas aeruginosa: 37% of the cases

Acanthamoeba: 33% of the cases

peak year for occurrence was 2001 (> 50%, majority from China)
decreasing trend afterwards

initial I{igh incidence attributable to the unregulated use of

\orthokeratology (China FDA regulated OK use since 2002)

tk HA. Trends in microbial keratitis associated with orthokeratology.
tact Lens 2007;33(6 Pt 2):373-377.



Microbial keratitis - Summary

All are retrospective series
Not reported in all prospective studies

Overall incidence unknown (since we don’t know how many
patients are using OK lens)

Practitioners and parents must be aware of this risk

Compliance to rigorous lens care regime, proper lens fitting,
regulagfmonitoring and FU essential

Warn parents about sighs and symptoms of MK - timely treatment




o ATROPINE !!
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L wuru

\ Atropine

0.01% Eye Drops [




ATOM2 study Phase 1 (0-2 year)

e Myopia progression:

- 0.01%: 0.49 D; AL: 0.41Tmm
- 0.1%: 0.38 D 0.28mm
- 0.5%: 0.30D 0.27mm

o Clinically insignificant difference at 24 months




ATOM2 Phase 2 (3"d year)

e 1 year washout phase

e Rebound also dose-dependent

e QOver progression over entire 3 years:
- 0.01% 0.72D 0.58 mm
- 0.1% 1.04D 0.60 mm
- 0.5% 1.15D 0.61 mm




ATOM2 Phase 3 (4-5t" year)

« Those continued to progress (> 0.5 D/year) during phase 2 were
re-treated with atropine 0.01%.

- Progress in 15t year and young case more re-treat
e Overall myopia progression at the end of 5 years

- 0.01% 1.38 D 0.75 mm
- 0.1% 1.83D 0.85 mm
- 0.5% 1.98 D 0.87 mm
’ e Atropine 0.01%
- minimal pupil dilation (0.8 mm)
\ - minimal loss of accommodation (2 - 3 D)

~——e
—

'-/—:M)'near visual loss compared with higher doses.



Atropine

o ATOM2 study
- Atropine 0.01%: slow progression ~ 60% in first 2 years

- After 5 years: The mean myopia progressionis 1.38 D in 0.01%
group (AL: 0.75mm in 5 years)

- vs placebo eyes at 2.5 years is 1.40 D
—> atropine 0.01% slowed myopia progression by 50% over 5 years




Practical Concerns

Pupil size & Accommodation

- Phase 1 (first 2 years): 7% in 0.01% vs 70% in high dose (>0.5%)
requested progressive and/or photochromatic glasses

Phase 3 (4-5 year)
- None in 0.01% group requested after restarting treatment
2 month after stop: pupil size and accommodation returned to baseline
Allergy (phase 1 data): 1% allergy in 0.01% / 4% in >0.5%
20-30% on 0.01% may need higher dose/freq.

10-15% may not respond, clinically hard to predict
-\antinue into teens (>12 years); stop/taper if stable for 2 years
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Network Meta-analysis
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. wvcnom scromy e 30 RCTs, 16 interventions vs

\\\\\ OF OPHTHALMOLOGY ) o
placebo/single-vision

I
Efficacy Comparison of 16 Interventions
spectacle lens
e Atropine, ortho-K, peripheral

for Myopia Control in Children
defocus modifying contacts,
| PASLs

Jinhai Huang, MD,"*** Daizong Wen, MD,'*"* Qinmei Wang, MD, 2% Colm McAlinden, MB BCh, PhD,"**
lan Flitcroft, FRCOphth, DPhil,*** Haisi Chen, MD,"* Seang Mei Saw, PhD,” Hao Chen, MD,"

Fangjun Bao, ;\ﬂ).“““ Yune Zhao, MD, " Liang Hu, MD,"* Xuexi Li, MD,” Rongrong Gao, MD,

Weicong Lu, MD,"* Yaogiang Du,‘;\:iD," Zhengxuan Jinag, PhD,” Ayong Yu, PhD, ** Hengli Lian, MS,’
Qiuruo Jiang, MD, ** Ye Yu, MD, ** Jia Qu, MD, PhD"**
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A Network Meta-analysis

Purpose: To determine the effectiveness of different interventions to slow down the progression of myopia in
children.
Methods: We searched MEDLINE, EMBASE, Cochrane Central Register of Controlled Trials, World Health
Organization International Clinical Trials Registry Platform, and ClinicalTrials.gov from inception to August 2014. . .
We selected randomized controlled trials (RCTs) involving interventions for controling the progression of myopia ° MOSt effect] ve: atro p] ne
in children with a treatment duration of at least 1 year for analysis.
Main Outcome Measures: The primary outcomes were mean annual change in refraction (diopters/year) and
mean annual change in axial length (millimeters/year).
Results: Thirty RCTs (involving 5422 eyes) were identified. Network meta-analysis showed that in compar-
ison with placebo or single vision spectacle lenses, high-dose atropine (refraction change: 0.68 [0.52—0.84]; axial
length change: —0.21 [-0.28 to —0.16]), moderate-dose atropine (refraction change: 0.53 [0.28—0.77]; axial
length change: —0.21 [-0.32 to —0.12]), and low-dose atropine (refraction change: 0.53 [0.21—0.85]; axial length
change: —0.15 [-0.25 to —0.05]) markedly slowed myopia progression. Pirenzepine (refraction change: 0.29
[0.05-0.52]; axial length change: —0.09 [-0.17 to —0.01]), orthokeratology (axial length change: —0.15 [-0.22
to —0.08]), and peripheral defocus modifying contact lenses (axial length change: —0.11 [-0.20 to —0.03])
showed moderate effects. Progressive addition spectacle lenses (refraction change: 0.14 [0.02—0.26]; axial length
change: —0.04 [-0.09 to —0.01]) showed slight effects.
Conclusions: This network analysis indicates that a range of interventions can significantly reduce myopia
progression when compared with single vision spectacle lenses or placebo. In terms of refraction, atropine,

pirenzepine, and progressive addition spectacle lenses were effective. In terms of axial length, atropine, ortho-
Lkaratnlamy narinharal Aafaciice madifuina rantart lancae niranzanina anAd nranraceive adAditiAan enartarla lancace






Spectacles
MyoVision
DIMS
PASL

Contacts
DISC
Ortho K

Atropine
0.01%
0.125%
1%

BUUTREN ey

Synopsis
Consider in:

ALL patients

Active kid

Sporty

Compliance to lens wear
protocol / FU

Cooperative kid / able to wear
contacts

Rapid progression

ALL patients
Esp if documented
progression
High parental myopia
Combine with above

Special consideration

Prescription

Defocusing lens

PASL - for high atropine
conc

DISC: VA may be
affected

Ortho K: reserve
geometry effect
highest, vs risk of
infection

» Higher dose/frequency:
check pupil size & near
VA

« Start when reducing
hyperopia?



Summary

« High myopia related risks

« Healthy Eye Habits
 Spectacles/Contacts/Atropine
 Individualized options
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