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Abstract:

Treatment of amblyopia typically involves spectacles or penalization of the nonamblyopic eye with occlusive
patching or pharmacological penalization. However, these methods can be ineffective or difficult in certain
children who may be unable to tolerate or are poorly compliant with such therapies. Untreated high refractive error
can result in dense amblyopia, and thus, other treatment methods are necessary in this subset of children. With
technological advances in ocular surgery, clear lens extraction (CLE) and refractive lens exchange (RLE) have
emerged as popular alternative treatments for amblyopia, as they may avoid some of the challenges surrounding
traditional methods. CLE involves lensectomy for refractive purposes in patients without cataracts, while RLE
involves lensectomy followed by intraocular lens implantation. The purpose of this review was to summarize
the use of CLE and RLE for the treatment of amblyopia in the pediatric population, discussing indications,
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techniques, treatment outcomes, safety, and potential complications.
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INTRODUCTION

mblyopia is one of the most common

causes of pediatric visual impairment. It
has a prevalence of 1%—4% of children and
is typically diagnosed between the ages of 3
and 6 years.!'"*! Amblyopia can be caused by
strabismus, refractive error, or visual deprivation
that prevents the normal development of the
visual system in the growing child.”

Several forms of refractive error can predispose
children to develop amblyopia. Anisometropia is
one of the leading causes of refractive amblyopia
and occurs when there is an asymmetric refractive
error between the two eyes.®! Anisometropic
amblyopia can occur in the setting of asymmetric
myopia, hyperopia, or astigmatism, although the
latter two are the most amblyogenic. Because
of the unequal refractive error, the two eyes are
presented with one focused and one unfocused
image. One study even found that uncorrected
anisomyopia of more than -6 D or anisohyperopia
of more than +4 D caused amblyopia in 100% of
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the cases.”’ In general, >2 D of anisoastigmatism
is considered amblyogenic.

In the past several years, many studies have
emerged regarding the treatment of amblyopia. In
particular, the amblyopia treatment studies (ATS)
by the Pediatric Eye Disease Investigator
Group (PEDIG) have played a large role in
evaluating traditional treatment modalities for
amblyopia. To date, PEDIG has 22 ATS with
many studies including multiple phases, each
studying optimal treatments for amblyopia from
a range of causes in a variety of ages.

Treatment of amblyopia involves treating the
underlying cause of the visual disturbance (i.e.,
removing visual obstructions, correcting
refractive errors, and treating strabismus) and
then encouraging the use of the amblyopic eye.!'”!
Spectacles are first-line therapy for the correction
of refractive errors. Data from PEDIG ATS 5
examined the efficacy of spectacles alone in
treating amblyopia. Spectacles were used to treat
amblyopia in 84 children aged 3—<7 years with
previously untreated anisometropic amblyopia.
Upon up to 30 weeks of glasses use alone, they
found that 77% of eyes were able to improve by
two or more lines of vision, and 27% of children
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were able to achieve full resolution of amblyopia. They found
better treatment outcomes in children with lesser amounts of
baseline anisometropia, as most cases of resolution occurred
in children with moderate (starting acuity of 20/40-20/100)
amblyopia.l'!

Occlusive patching or pharmacologic penalization with atropine
is employed to encourage the use of the amblyopic eye. For
anisometropic amblyopia, there is currently some variability in
practices, with some providers favoring starting spectacles first
with the goal of adding patching when treatment effect stalls;
whereas others start spectacles simultaneously with patching of
the better-seeing eye hoping to see a more rapid resolution of
amblyopia. A currently enrolling PEDIG study is investigating
the efficacy of simultaneous versus sequential patching for
the treatment of anisometropic amblyopia. Future studies
from PEDIG and other investigators will continue to provide
evidence-based treatment recommendations for amblyopia.

Treatment of amblyopia should be initiated as early as possible,
as studies have shown improved long-term outcomes when
treatment is started before the age of 7.1'>* The success of
these treatments ranged in the literature from 25% to 90%
with most falling around 60%, depending on the initial degree
of anisometropia and the definition of success.!'>!"! ATS 3
evaluated the treatment of amblyopia with patching in children
between the ages of 7 and 17, randomizing patients to either
optical correction alone or optical correction with patching.
Children between the ages of 7 and 12 were also treated with
atropine. Upon follow-up, they found that patching with
atropine was more effective than glasses alone in children
aged 7-12 years. They recommended that children between
the ages of 7 and 12 should be treated with 2—6 h a day of
patching for near-vision activities with atropine. On the other
hand, in children aged 13—17 years, they found no significant
difference between optical correction and optical correction
with patching, unless the patient had no history of previous
treatment.['®!

Compliance with therapy is crucial for the successful treatment
of amblyopia, yet several studies report poor compliance
among children.!"??) Compliance with amblyopia therapy
is the most significant indicator of successful visual acuity
outcomes, and a range of factors may limit adherence to
physicians’ recommendations. Spectacles may be unfavorable
due to induced aniseikonia, distortion in the extremes of the
field of vision, social discomfort, and may be frequently lost
or broken.® Amblyopia is also associated with a myriad
of neurodevelopmental conditions (e.g., Down Syndrome
and autism spectrum disorder), and spectacle use may be
more difficult in these populations.?*?%! Occlusion therapy
with patching is often even more challenging to encourage
compliance.?! In addition, particularly in children with
anisometropic amblyopia, who oftentimes have one good
eye that does not require correction, the use of spectacles or
patching may be perceived as unnecessary and further reduce
compliance. Pharmacologic penalization using atropine may

be better tolerated but may be less effective, especially when
penalizing a myopic eye. There are other less common side
effects of atropine such as light sensitivity, irritation, eye pain,
and other anticholinergic side effects that may be intolerable
for some patients.2%!

Contact lens correction has been explored as an alternative form
of treatment for anisometropic amblyopia. The advantages of
contact lens therapy include potentially improved contrast
sensitivity and quality of vision in children.?”” However,
contact lens therapy still relies on patient compliance. As with
spectacles, contact lenses can be easily lost and can cause
discomfort or total intolerance. In addition, parents are often
required to assist with contact lens insertion and removal.
Contact lenses may also not be covered on major insurance
plans. All contact lens use carries with it a risk of corneal
infection and neovascularization. In children who frequently
rub their eyes, this risk may be increased.l*”

In recent years, advances in surgical treatments have led to the
emergence of refractive surgery as a new potential treatment
option for amblyopia. Nonincisional surgical procedures
include advanced surface ablation and laser refractive
surgery (i.e., photorefractive keratectomy, laser in situ
keratomileusis, and laser-assisted subepithelial keratectomy),
and these techniques have been used to effectively treat
refractive error in children.?%?! However, the maximum
treatment of myopia and hyperopia correctable by laser
refractive surgery is typically limited to -10 D to +4.5 D, due
to the risk of corneal haze and treatment regression.!!*-3%

Intraocular surgical procedures have also been used
successfully in children, and include phakic intraocular
lens (pIOLs), clear lens extraction (CLE), and refractive lens
exchange (RLE).B'33 pIOL implantation has been a popular
form of refractive surgery, in which the natural lens of the eye
is left in place, but an artificial lens is implanted to correct
refractive error. As technologies have continued to advance,
the removal of the lens for refractive purposes in patients
without cataracts (CLE) and the insertion of another intraocular
lens (IOL) (RLE) have emerged as popular alternatives.

Lens RemovAL For RerRACTIVE CORRECTION

CLE involves lensectomy alone, while RLE involves
lensectomy followed by the simultaneous implantation of an
IOL.B4 The procedures are technically the same as those in
pediatric cataract surgery; although in CLE and RLE, the lens
is either removed or replaced due to a high refractive error as
opposed to an opacification of the lens. Standard techniques
used for pediatric lensectomy, posterior capsulotomy, and
anterior vitrectomy are used.** Similar to pediatric cataract
surgery, capsulectomy and anterior vitrectomy are advised
for young children due to the relatively high rate of posterior
capsule fibrosis that may occur if the capsule is preserved.F
IOL selection for implantation is made in an identical fashion to
that for cataract surgery. With the axial length and keratometry,
lens power calculations can be made. !
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InpicATIONS FOR CLEAR LENS EXTRACTION AND
RerrAcTIVE LENS EXCHANGE

Anisometropia

Most commonly, CLE and RLE are used for the treatment of
anisometropic amblyopia, the leading cause of amblyopia.>®
It is reasonable that children with anisometropic amblyopia
who have poor compliance to spectacles or contact lenses be
considered for CLE or RLE.??! With increasing age and at
higher levels of anisometropia, both the prevalence and depth
of amblyopia increase.?” While the majority of children with
anisometropia are able to be effectively treated with spectacles
or contact lenses, a significant subset of patients, usually with
extremely high levels of anisomyopia or anisohyperopia, is
unsuitable for such treatments. This includes anisometropic
patients with neurobehavioral disorders and developmentally
normal children who are unable to tolerate spectacles or contact
lenses. For the subset of the latter where issues arise with
compliance or with poor adaptation to spectacles or lenses
due to aniseikonia, asthenopia, or diplopia, CLE or RLE may
be the best treatment option.

Myopia

CLE and RLE may also be the most suitable solutions for
children with extreme myopia (>—15.0 D). This is especially
true for children with ametropia exceeding -20 D, as this is the
upper limit for pIOL power.?>3¢! Uncorrected myopia of this
degree typically translates to a visual acuity of 20/200 or worse,
qualifying as legal blindness. Removal of a highly myopic lens
through CLE or RLE has the benefit of improving uncorrected
visual acuity (UCVA). Furthermore, the removal of a spectacle
lens that has a significant minification effect (especially at
powers >-20 D) improves best-corrected visual acuity (BCVA)
by 1-2 lines. This dual effect makes CLE and RLE very
appealing treatment options for highly myopic eyes.

Hyperopia

A few studies have evaluated the use of CLE and RLE to treat
hyperopia specifically in the pediatric population. However,
CLE and RLE have been shown to be effective in correcting
refractive error in older populations. CLE and RLE may, thus,
be the only option for children with a shallow anterior chamber
depth of <3.2 mm, as pIOL has requirements for minimum
depth of the anterior chamber.?>*%! More research is needed
to examine the efficacy and potential complications following
CLE and/or RLE in children with hyperopia.

Special populations

Patients who fail traditional treatments such as spectacles and
contact lenses, occlusion therapy, or medical management
may be more suitable for CLE and RLE.?>3¢! CLE and RLE
have been well-studied in children with neurodevelopmental
disorders, which may cause specific sensory sensitivities that
prevent compliance with spectacles or contact lenses. Effective
treatment is particularly crucial in this subset of patients,
as uncorrected visual impairment caused by high refractive
error can exacerbate the neurobehavioral disorders by further

hindering social/environmental interactions and motor skills.**
Contact lenses may prove an even larger challenge, as insertion
and removal by family members may require bodily restraint.
While nonsurgical treatments are first-line, with occupational
therapy and desensitization protocols to help with glasses
compliance, these surgical treatments are important tools in
the pediatric ophthalmologist’s toolbox. CLE and RLE may,
thus, be a much better option in these populations. Studies have
found that children with neurodevelopmental disorders benefit
significantly from CLE and RLE, particularly after traditional
therapies fail.[*>3¢

Congenital lens abnormalities with associated refractive
error can also be considered an indication for CLE and
RLE. One case study by Bhattacharjee et al. described the
use of bilateral RLE to treat a 19-year-old boy with bilateral
microspherophakia, high myopia, and angle-closure glaucoma.
Upon |-year follow-up, his corrected distance visual acuity was
20/20 bilaterally with sustained normal intraocular pressure.>*!

ConTRaINDICATIONS FOR CLEAR LENS EXTRACTION AND

RerracTIVE LENS EXCHANGE

Contraindications for CLE and RLE include the presence
of glaucoma, uveitis, endothelial dysfunction, a retinal tear,
and untreated lattice degeneration.®>3! As with all types
of intraocular surgery, timely follow-up examinations are
necessary to ensure good visual outcomes, and as such,
patients with caregivers with a history of difficulty adhering
to recommended follow-up may not be as suitable for surgery.
Finally, self-injurious behavior is a relative contraindication
given the risks associated with incision surgery.

TecHNIQUE FOR CLEAR LENS EXTRACTION AND

RerracTIVE LENS EXCHANGE

Before CLE or RLE, children are evaluated in office
to obtain UCVA and BCVA, pupillary examination,
sensorimotor examination, cycloplegic refractions, slit-lamp
evaluation, indirect ophthalmoscopy, and intraocular pressure
measurement. This allows for screening for lens abnormalities
that may complicate surgery. Observation of significant
blepharitis, eye rubbing, or contact lens-related corneal
issues is also helpful. Biometry when possible is done in
the clinic; however, there are those patients for whom these
measurements must be obtained as a part of an examination
under anesthesia (EUA). Postoperative refractive correction
is typically planned to achieve emmetropia or mild hyperopia.
The decision between CLE versus RLE is guided by biometry,
which helps determine whether IOL implantation is necessary
to achieve the refractive goal, as well as individual patient
factors.

Before the primary procedure, a EUA is most often performed
to obtain or confirm preoperative measurements. If the axial
length exceeds 29 mm, barrier diode laser therapy may be
considered, as this may reduce the risk of future retinal
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detachment following CLE or RLE, although this remains a
topic of debate. 263

The procedure is performed under general anesthesia. Two
clear corneal incisions are created using standard pediatric
cataract surgical techniques. Following this, a continuous
curvilinear capsulorhexis is performed. Lens aspiration can
be performed with a vitrector or irrigation/aspiration cannulas.
Posterior capsulotomy and anterior vitrectomy are performed
on a case-by-case basis, using surgeon discretion based on the
age of the patient, ability to sit for an awake YAG capsulotomy,
and risk for performing a vitrectomy. For RLE, an IOL is
placed in the capsular bag. Incisions are closed with absorbable
sutures, and standard antibiotics and steroids are applied. The
eye is then patched with a shield.

CLE and RLE are typically performed outpatient, with most
children discharged within 2 h of the procedure. Postoperative
follow-up is typically at 1 day, 1 week, and then, after 1-,
3-, and 6-month intervals. Refraction and dilated fundus
examination are important parts of the postoperative follow-up.

A full detailed description of the technique regarding CLE
and RLE can be referenced in Tychsen et al. and Ali et al.[333¢

Qurtcomes AND ADVANTAGES OF CLEAR LENS
ExtracTION AND REFRACTIVE LENS EXCHANGE

CLE and RLE are effective, while clearly more invasive, means
to improve refractive error for the treatment of amblyopia.
Tychsen ef al. examined the clinical outcomes of CLE and
RLE performed in 13 children with high bilateral myopia, who
had neurobehavioral disorders. CLE was performed in 12 of
these eyes, while RLE was performed in 14 eyes. Indication for
each surgery was made by the primary surgeon and was based
on whether preoperative calculations indicated that aphakia
would result in a residual refractive error outside of the goal
refraction. Preoperative myopia was an average of —19.11
D (range: —14.25 to —26.00 D). The average amount of myopia
corrected by the procedures was —19.9 D, and 81% of eyes
were corrected to within + 2D of their goal refraction (+1D).
They also found substantial improvement in UCVA in all eyes,
in addition to improvements in behavior and environmental
visual interaction in 88% of children.*

In a similar study in 2007, Ali et al. examined unilateral CLE
and RLE for the treatment of high spherical anisomyopia in
a group of children and adolescents with neurobehavioral
disorders. CLE was performed in five eyes, while RLE was
performed in two eyes. Similarly, this study found that CLE
and RLE accurately reduced high anisometropia and improved
functional vision. Upon follow-up, they found that the average
refractive correction by the procedures was 17.3 D, and 86%
of eyes were corrected within £+ 3 D of their goal refraction
(0 to +4 D). In all eyes, UCVA improved.?

The efficacy of CLE and RLE in the treatment of hyperopic
amblyopia is less well-studied in the pediatric population. In

older populations, however, CLE and RLE have satisfactory
treatment outcomes for hyperopia. One study by Siganos and
Pallikaris examined the use of RLE for the treatment of 35
hyperopic eyes of 21 adult patients. After surgery, the average
UCVA was 0.8, and refraction typically remained stable
after 2 months of follow-up.’” In a similar study, RLE was
performed in six eyes with high hyperopia. Following RLE,
all six eyes were able to achieve 20/40 or better UCVA.[

The main advantage of CLE and RLE is the removal of the
issue of compliance that is associated with other treatment
modalities for amblyopia. In theory, the procedures remove
the future need for cataract surgery, although patients lose the
ability to accommodate the removal of the crystalline lens.
For this reason, a discussion of the use of bifocal correction or
consideration of a refractive target mildly myopic is important.
Oftentimes, the child’s visual demands can help guide these
decisions. With the eliminated need for a high myopic lens,
spectacle-induced minification of images is greatly reduced.
Reduced peripheral vision can occur with high hyperopic
correction, and CLE or RLE may improve the optics of
spectacle correction.!!

SAFETY AND COMPLICATIONS

Studies have shown that CLE and RLE are relatively safe
procedures. In the study by Tychsen et al., there was a low
prevalence of sight-threatening complications: 1 (3%) eye
lost best-corrected vision, and another eye required IOL
explantation and exchange. However, the occurrence of
posterior capsule opacification was relatively high (50%),
and as such, the authors recommended that primary posterior
capsulotomy and anterior vitrectomy be performed as a part
of the primary surgery. In addition, 50% of eyes in the study
required a secondary procedure (YAG laser capsulotomy)
for significant posterior capsule opacification. The authors
point out that IOL implantation does not appear to promote
or impede capsule opacification, and warn that primary
posterior capsulotomy and vitrectomy may not be able to
prevent opacification.’ In the study by Ali et al., no eyes
lost best-corrected vision, and there were no cases of retinal
detachment on follow-up. However, capsular opacification
requiring YAG laser capsulotomy occurred in two eyes."
These two studies showed that myopic regression was —0.5
D/year, which is less than myopic regression seen after laser
correction, which is —1 D/year. Myopic regression may be
more apparent in younger patients.!'>! It is important to note
that regression seen in CLE and RLE is most often related to
axial length changes related to the growth of an eye; whereas
regression in laser refractive surgery often has additional
changes in corneal contour.

In adults, hyperopic eyes with short axial lengths may have an
increased risk of choroidal effusions. Furthermore, hyperopic
eyes may be more predisposed to develop pupillary block
or postoperative increases in intraocular pressure, due to the
shallower anterior chamber.[*?!
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Other risks associated with CLE and RLE in pediatric patients
include the risks of intraocular surgery. However, it is important
to keep in mind that there may be prolonged recovery, as
pediatric eyes are more prone to develop inflammation
and corneal haze following surgery.?”” This problem may
be exacerbated by digital manipulation of the eye in the
postoperative period, which may occur at higher rates in
children, particularly those with neurodevelopmental disorders.

The most serious concern for CLE and RLE is retinal
detachment. The risk of retinal detachment increases three-fold
following lens extraction.*¥ It is estimated that in adults who
undergo RLE, the prevalence of retinal detachment ranges from
0.26% to 2.2%."4%1 In addition, patients with high myopia are
at a higher risk of retinal detachment. s Tychsen et a/. found
that retinal detachment occurred in one eye following a severe
contusion injury 9 months following the procedure, while Ali
et al. did not have any case of retinal detachment.[*>3¢ Retinal
detachment is a significant concern that must be balanced
against the risk of dense amblyopia associated with uncorrected
refractive error.

Studies examining CLE and RLE in adults have shown that in
eyes with axial lengths that exceed 29 mm, barrier diode laser
therapy may be performed prophylactically to reduce the risk
of retinal detachment.**#"*¥] However, the value of doing so
still remains highly controversial,***?! and is not well-studied
in the pediatric population. Tychsen et al.®*! performed barrier
diode laser therapy before CLE in two of the children for
lattice degeneration.

A similar controversy surrounding prophylactic laser use
exists in patients with Stickler syndrome. Several studies
have examined the use of prophylactic laser photocoagulation
in preventing retinal detachment in patients with Stickler
syndrome. These studies have had promising results, with
several findings that patients who received prophylactic laser
photocoagulation had lower rates of retinal detachment.[5*57)
Research on laser use in Stickler syndrome still lacks larger
prospective studies that would provide more data on safety,
efficacy, and long-term outcomes. While these studies may
further support the use of prophylactic laser in patients with
CLE and RLE, it remains uncertain whether these results
may be applicable. Future studies are needed to determine
the efficacy of prophylactic laser treatment for the potential
prevention of retinal detachment in specifically CLE and RLE.

CoNncLusIoN

CLE and RLE may be useful alternatives for the treatment of
amblyopia in children with high refractive errors who have
definitively failed traditional treatments or who concurrently
have neurodevelopmental disorders. While studies have
shown promising results in improving visual outcomes in
children with high refractive error with relatively low rates of
complications, further research is needed to study the long-term
safety and efficacy of CLE and RLE. Studies that compare
the long-term outcomes and complications associated with

CLE and RLE with traditional treatments will be necessary
to guide treatment selection. A careful follow-up in patients
who undergo CLE or RLE will be essential for maximizing
visual potential in these patients. Overall, CLE and RLE
show great promise to benefit this subset of the pediatric
population. Clinicians will be required to carefully weigh the
risks and benefits of CLE and RLE against the permanent
visual impairment from amblyopia in the noncompliant child
with high uncorrected refractive error.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1. FulJ, Li SM, Li SY, Li JL, Li H, Zhu BD, et al. Prevalence, causes
and associations of amblyopia in year 1 students in Central China:
The Anyang childhood eye study (ACES). Graefes Arch Clin Exp
Ophthalmol 2014;252:137-43.

2. Multi-ethnic Pediatric Eye Disease Study Group. Prevalence of
amblyopia and strabismus in African American and Hispanic children
ages 6 to 72 months the multi-ethnic pediatric eye disease study.
Ophthalmology 2008;115:1229-36.¢1.

3. McKean-Cowdin R, Cotter SA, Tarczy-Hornoch K, Wen G, Kim J,
Borchert M, et al. Prevalence of amblyopia or strabismus in Asian
and non-Hispanic white preschool children: Multi-ethnic pediatric eye
disease study. Ophthalmology 2013;120:2117-24.

4. Pai AS, Rose KA, Leone JF, Sharbini S, Burlutsky G, Varma R, et al.
Amblyopia prevalence and risk factors in Australian preschool children.
Ophthalmology 2012;119:138-44.

5. Friedman DS, Repka MX, Katz J, Giordano L, Ibironke J, Hawse P,
et al. Prevalence of amblyopia and strabismus in white and African
American children aged 6 through 71 months the Baltimore pediatric
eye disease study. Ophthalmology 2009;116:2128- 34.el.

6. Williams C, Northstone K, Howard M, Harvey I, Harrad RA, Sparrow JM.
Prevalence and risk factors for common vision problems in children:
Data from the ALSPAC study. Br J Ophthalmol 2008;92:959-64.

7. Gunton KB. Advances in amblyopia: What have we learned from
PEDIG trials? Pediatrics 2013;131:540-7.

8. DeSantis D. Amblyopia. Pediatr Clin North Am 2014;61:505-18.

9. Weakley DR Jr. The association between nonstrabismic anisometropia,
amblyopia, and subnormal binocularity. Ophthalmology 2001;108:163-71.

10. Pescosolido N, Stefanucci A, Buomprisco G, Fazio S. Amblyopia
treatment strategies and new drug therapies. J Pediatr Ophthalmol
Strabismus 2014;51:78-86.

11. Cotter SA, Pediatric Eye Disease Investigator Group, Edwards AR,
Wallace DK, Beck RW, Arnold RW, et al. Treatment of anisometropic
amblyopia in children with refractive correction. Ophthalmology
2006;113:895-903.

12. Epelbaum M, Milleret C, Buisseret P, Dufier JL. The sensitive period for
strabismic amblyopia in humans. Ophthalmology 1993;100:323-7.

13. Holmes JM, Lazar EL, Melia BM, Astle WF, Dagi LR, Donahue SP,
et al. Effect of age on response to amblyopia treatment in children. Arch
Ophthalmol 2011;129:1451-7.

14. Assaf AA. The sensitive period: Transfer of fixation after occlusion for
strabismic amblyopia. Br J Ophthalmol 1982;66:64-70.

15. Repka MX, Beck RW, Holmes JM, Birch EE, Chandler DL, Cotter SA,
et al. A randomized trial of patching regimens for treatment of moderate
amblyopia in children. Arch Ophthalmol 2003;121:603-11.

16. Pediatric Eye Disease Investigator Group. A randomized trial of atropine
versus patching for treatment of moderate amblyopia in children. Arch
Ophthalmol 2002;120:268-78.

. Flynn JT, Schiffman J, Feuer W, Corona A. The therapy of amblyopia:
An analysis of the results of amblyopia therapy utilizing the pooled data

—_
~

Saudi Journal of Ophthalmology - Volume 38, Issue 3, July-September 2024 199



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

200

Sun and Kraus: CLE and RLE for amblyopia treatment

of published studies. Trans Am Ophthalmol Soc 1998;96:431-50.

. Scheiman MM, Hertle RW, Beck RW, Edwards AR, Birch E, Cotter SA,

et al. Randomized trial of treatment of amblyopia in children aged 7 to
17 years. Arch Ophthalmol 2005;123:437-47.

. Tychsen L, Packwood E, Berdy G. Correction of large amblyopiogenic

refractive errors in children using the excimer laser. J AAPOS
2005;9:224-33.

Nucci P, Alfarano R, Piantanida A, Brancato R. Compliance in
antiamblyopia occlusion therapy. Acta Ophthalmol (Copenh)
1992;70:128-31.

Vagge A, Nelson LB. Compliance with the prescribed occlusion
treatment for amblyopia. Curr Opin Ophthalmol 2017;28:454-9.

Wang J. Compliance and patching and atropine amblyopia treatments.
Vision Res 2015;114:31-40.

Paysse EA. Refractive surgery in children: Is it ready for prime time?
Am Orthopt J 2007;57:79-88.

Gutiérrez C, Santoni JL, Merino P, de Liafio PG. Ophthalmologic
manifestations in autism spectrum disorder. Turk J Ophthalmol
2022;52:246-51.

Sun E, Kraus CL. The ophthalmic manifestations of Down syndrome.
Children (Basel) 2023;10:341.

Tychsen L. Refractive surgery for children: Excimer laser, phakic
intraocular lens, and clear lens extraction. Curr Opin Ophthalmol
2008;19:342-8.

Daoud YJ, Hutchinson A, Wallace DK, Song J, Kim T. Refractive
surgery in children: Treatment options, outcomes, and controversies.
Am J Ophthalmol 2009;147:573-82.¢2.

Kraus CL, Culican SM. New advances in amblyopia therapy II:
Refractive therapies. Br J Ophthalmol 2018;102:1611-4.

Pietild J, Mikinen P, Pajari T, Suominen S, Keski-Nisula J, Sipild K,
et al. Eight-year follow-up of photorefractive keratectomy for myopia.
J Refract Surg 2004;20:110-5.

Paysse EA, Coats DK, Hussein MA, Hamill MB, Koch DD. Long-term
outcomes of photorefractive keratectomy for anisometropic amblyopia
in children. Ophthalmology 2006;113:169-76.

Tychsen L, Hoekel J, Ghasia F, Yoon-Huang G. Phakic intraocular lens
correction of high ametropia in children with neurobehavioral disorders.
JAAPOS 2008;12:282-9.

Tychsen L, Faron N, Hoekel J. Phakic intraocular collamer lens (Visian
ICL) implantation for correction of myopia in spectacle-aversive special
needs children. Am J Ophthalmol 2017;175:77-86.

Reynolds M, Hoekel J, Tychsen L. Safety of phakic intraocular collamer
lens implantation in 95 highly myopic special-needs children. J Cataract
Refract Surg 2021;47:1519-23.

Alio JL, Grzybowski A, El Aswad A, Romaniuk D. Refractive lens
exchange. Surv Ophthalmol 2014;59:579-98.

Tychsen L, Packwood E, Hoekel J, Lueder G. Refractive surgery for high
bilateral myopia in children with neurobehavioral disorders: 1. Clear
lens extraction and refractive lens exchange. J AAPOS 2006;10:357-63.
Ali A, Packwood E, Lueder G, Tychsen L. Unilateral lens extraction
for high anisometropic myopia in children and adolescents. ] AAPOS
2007;11:153-8.

Donahue SP. The relationship between anisometropia, patient age,
and the development of amblyopia. Trans Am Ophthalmol Soc
2005;103:313-36.

Bhattacharjee H, Bhattacharjee K, Medhi J, DasGupta S. Clear
lens extraction and intraocular lens implantation in a case of

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

SI.

52.

53.

54.

55.

56.

57.

microspherophakia with secondary angle closure glaucoma. Indian J
Ophthalmol 2010;58:67-70.

Siganos DS, Pallikaris IG. Clear lensectomy and intraocular lens
implantation for hyperopia from +7 to +14 diopters. J Refract Surg
1998;14:105-13.

Lyle WA, Jin GJ. Clear lens extraction for the correction of high
refractive error. J Cataract Refract Surg 1994;20:273-6.

Stahl ED. Pediatric refractive surgery. Curr Opin Ophthalmol
2017;28:305-9.

Kook D, Kampik A, Kohnen T. Complications after refractive lens
exchange. Ophthalmologe 2008;105:1005-12.

Colin J, Robinet A. Clear lensectomy and implantation of a low-power
posterior chamber intraocular lens for correction of high myopia:
A four-year follow-up. Ophthalmology 1997;104:73-7.

Neuhann IM, Neuhann TF, Heimann H, Schmickler S, Gerl RH,
Foerster MH. Retinal detachment after phacoemulsification in
high myopia: Analysis of 2356 cases. J Cataract Refract Surg
2008;34:1644-57.

Ravalico G, Michieli C, Vattovani O, Tognetto D. Retinal detachment
after cataract extraction and refractive lens exchange in highly myopic
patients. J Cataract Refract Surg 2003;29:39-44.

Verhoeven VJ, Wong KT, Buitendijk GH, Hofman A, Vingerling JR,
Klaver CC. Visual consequences of refractive errors in the general
population. Ophthalmology 2015;122:101-9.

Arne JL. Phakic intraocular lens implantation versus clear lens extraction
in highly myopic eyes of 30- to 50-year-old patients. J Cataract Refract
Surg 2004;30:2092-6.

Lee KH, Lee JH. Long-term results of clear lens extraction for severe
myopia. J Cataract Refract Surg 1996;22:1411-5.

Fernandez-Vega L, Alfonso JF, Villacampa T. Clear lens extraction for
the correction of high myopia. Ophthalmology 2003;110:2349-54.
Wilkinson CP. Evidence-based analysis of prophylactic treatment of
asymptomatic retinal breaks and lattice degeneration. Ophthalmology
2000;107:12-5.
Prasad S. Clear
2004;111:1263.
Folk JC, Bennett SR, Klugman MR, Arrindell EL, Boldt HC.
Prophylactic treatment to the fellow eye of patients with phakic lattice
retinal detachment: Analysis of failures and risks of treatment. Retina
1990;10:165-9.

Leiba H, Oliver M, Pollack A. Prophylactic laser photocoagulation in
Stickler syndrome. Eye (Lond) 1996;10 (Pt 6):701-8.

Wubben TJ, Branham KH, Besirli CG, Bohnsack BL. Retinal
detachment and infantile-onset glaucoma in stickler syndrome
associated with known and novel COL2A1 mutations. Ophthalmic
Genet 2018;39:615-8.

Naravane AV, Belin PJ, Pierce B, Quiram PA. Risk and prevention of
retinal detachments in patients with stickler syndrome. Ophthalmic Surg
Lasers Imaging Retina 2022;53:7-11.

Linton E, Jalil A, Sergouniotis P, Moussa G, Black G, Charles S, et al.
Laser prophylaxis in stickler syndrome: The Manchester protocol.
Retina 2023;43:88-93.

Carroll C, Papaioannou D, Rees A, Kaltenthaler E. The clinical
effectiveness and safety of prophylactic retinal interventions to reduce
the risk of retinal detachment and subsequent vision loss in adults and
children with Stickler syndrome: A systematic review. Health Technol
Assess 2011;15:v-62.

lens extraction for myopia. Ophthalmology

Saudi Journal of Ophthalmology - Volume 38, Issue 3, July-September 2024



