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ABSTRACT

Purpose: To assess the safety and efficacy of photorefractive keratectomy (PRK) in children with anisometropic amblyopia and to define the characteristics of children who may be candidates for PRK.
Methods: This thesis comprises four parts: (1) a retrospective analysis of risk factors predictive of amblyopia treatment
failure in 104 children, (2) a prospective study of pachymetry in 198 eyes of 108 children, (3) development and implementation of a protocol to perform PRK under general anesthesia, and (4) a prospective interventional case-comparison
study of PRK in 11 noncompliant children with anisometropic amblyopia to evaluate safety and long-term outcomes.
Compliant and noncompliant children with anisometropic amblyopia were analyzed as controls.
Results: Factors associated with conventional anisometropic amblyopia treatment failure were poor compliance
(P = .004), age 6 years or older (P = .01), astigmatism ≥1.5 diopters (P = .0002), and initial visual acuity of 20/200 or worse
(P = .02). Central and paracentral pachymetry measurements were similar to published adult values. The general anesthesia protocol was efficient, and the laser functioned properly in all cases. All children did well with no anesthesiarelated or treatment-related complications. Two years following PRK, the mean reduction in refractive error was
9.7 ± 2.6 diopters for myopes (P = .0001) and 3.4 ± 1.3 diopters for hyperopes (P = .001). The cycloplegic refractive error
in 9 of 11 treated eyes was within 3 diopters of that in the fellow eye. Uncorrected visual acuity in the amblyopic eye
improved by ≥2 lines in seven of nine children; best-corrected visual acuity improved by ≥2 lines in six of nine children.
Stereopsis improved in five of nine children. The mean visual acuity of the PRK patients at last follow-up was significantly better than that of noncompliant controls (P = .003). The safety and efficacy indices for PRK in this study were
1.24 and 1.12, respectively.
Conclusions: Photorefractive keratectomy can be safely performed in children with anisometropic amblyopia. Visual
acuity and stereopsis improved in most eyes, even in older children. Photorefractive keratectomy may have an important
role in the management of anisometropic amblyopia in noncompliant children.
Trans Am Ophthalmol Soc 2004;102:341-372
HYPOTHESIS

Photorefractive keratectomy for anisometropic amblyopia
in children can be safely performed and results in better
uncorrected and best-corrected visual acuity and stereopsis in children who are poorly compliant with standard
refractive correction and other amblyopia treatment
measures.
INTRODUCTION

Amblyopia
The word “amblyopia,” derived from Greek, literally
means “dullness of vision.” Ophthalmologic examination
demonstrates reduced visual acuity that is not fully
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explained by obvious aberrations of the retina or optic
nerve. Von Graefe stated over a century ago that amblyopia was the condition in which the observer sees nothing
and the patient sees very little.1
Amblyopia affects approximately 2% to 5% of the
American population2-6 and is the most frequent cause of
unilateral visual impairment in children and young adults
in the United States and Western Europe.7-13 Vision
screening is recommended between the ages of 3 and 5
years and is usually done in schools or by primary care
physicians.14 Amblyopia is most often detected during this
routine vision screening.14 Despite these facts, adequate
screening is believed to occur in only 21% of preschool
children in the United States.15,16 Treatment of amblyopia
is less likely to be successful in children older than 6 years
of age.17-20
Anisometropia is the most common cause of amblyopia and occurs because of uncorrected unequal refrac-
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tive error between fellow eyes.12 Uncorrected
anisometropia produces image blur in one eye (form
vision deprivation) and/or abnormal binocular interaction
by producing dissimilar images on the fovea of each eye.
Anisometropic amblyopia is often detected later than
other forms of amblyopia because vision is generally good
in the fellow eye, the eyes are typically orthotropic, and
the child functions well with the use of the sound eye. The
level of anisometropia required to cause amblyopia has
been well studied. In general, anisomyopia of more than 2
diopters, anisohyperopia of more than 1 diopter, and
anisoastigmatism of more than 1.5 diopters may result in
amblyopia.21,22 A direct relationship between the degree of
anisometropia and the severity of amblyopia has been
reported.18,23,24 Studies of anisometropic amblyopia indicate
a prevalence of amblyopia of 100% in hyperopes with 4.0
diopters of uncorrected anisometropia and in myopes
with 6.0 diopters of uncorrected anisometropia.23,25
Anisometropia of more than about 4 diopters is also
believed to portend a worse prognosis for successful visual
outcome with traditional amblyopia therapy.18
Treatment of Anisometropic Amblyopia
Traditional therapy for anisometropic amblyopia includes
refractive correction with spectacles or contact lenses,
minimization of aniseikonia with contact lenses, and amblyopia management with occlusion therapy and/or pharmacologic and/or optical penalization of the sound eye.23,26-30
Despite this seemingly simple treatment strategy, traditional treatment is often problematic and unsuccessful.
Spectacle correction of significant anisometropia
produces aniseikonia. Aniseikonia of more than 5% to 6%
(typically present with 3 or more diopters of
anisometropia) cannot be readily fused.31 Suppression of
the amblyopic eye occurs, often limiting the effectiveness
of the amblyopia therapy.31 An occasional child will experience diplopia due to the aniseikonia.32,33 Thus, glasses for
moderate to severe anisometropia are commonly not well
tolerated. Spectacles for anisometropia of more than 2 to
3 diopters are also cosmetically problematic because of
the differential magnification or minification effect of the
hyperopic or myopic lens, respectively. Parents and children often complain of a noticeable size difference in the
appearance of the eyes through such spectacles.
Contact lenses are an alternative treatment for
anisometropia. Contact lenses essentially eliminate the
issue of aniseikonia for most patients. Unfortunately,
contact lens use in children is difficult for other reasons.
Contact lenses are often difficult for parents to insert and
remove, loss is frequent, and the costs are relatively high.
Significant lapses of time without proper refractive
correction in place are common following lens loss. And
though uncommon, the risk of microbial keratitis, higher
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in contact lens wearers, may put the sound eye at risk.34-37
Children, who are usually less hygienic than adults, may
be at higher risk for this complication than adult contact
lens wearers.38,39
Although refractive correction is sometimes all that is
needed to correct anisometropic amblyopia, additional
amblyopia treatment is frequently required. Occlusion
therapy, pharmacologic penalization with atropine or
other cycloplegic agents, optical penalization, or all of
these in combination are used in cases where refractive
correction alone fails to normalize the visual acuity.
Noncompliance with these treatment measures is
common, especially with occlusion therapy.40
Disadvantages of atropine penalization include photosensitivity, anticholinergic side effects, and inability to rapidly
titrate treatment.41 Optical penalization using a lens to
blur the vision in the sound eye is an accepted treatment
alternative.26,27,42,43 However, it is successful only in willing
patients; uncooperative children simply remove or look
around their spectacles to avoid the penalizing lens.
Significant psychosocial stress related to amblyopia
therapy has been reported by amblyopic children and the
families of amblyopic children during the treatment
period.40 Even adults with a history of amblyopia treatment
in childhood continue to have psychosocial difficulties
related to the previous amblyopia therapy that adversely
affect self-image, work, school, and friendships.44
Certain neurotransmitters have been implicated in
neuronal plasticity. Based on this finding,
levodopa/carbidopa and citicoline, which act to enhance
dopaminergic neurotransmission in the brain, have been
experimentally used to treat amblyopia in adults and children.45-51 Both have been associated with some mild
improvement of visual acuity that unfortunately was not
sustained after discontinuing the medication.46-48,50,52,53
Successful treatment of anisometropic amblyopia
with traditional therapy has been reported in 48% to 82%
of children.12,23,27,29,54-58 The success rate varies widely among
studies, depending on the definition of success, parameters at initiation of treatment, and other factors. Flynn and
associates18 conducted a meta-analysis of 23 studies of
therapy for amblyopia that were published from 1965 to
1994; the investigators calculated an overall success rate
of 67% (defined as visual acuity of 20/40 or better) for the
anisometropic amblyopia subgroup treated with traditional therapy. They also found an inverse relationship
between the degree of anisometropia and the final visual
acuity. The greater the anisometropia, the more likely a
poor visual outcome was the result. Successfully treated
patients typically had less than 4 diopters of
anisometropia. A direct relationship between initial and
final visual acuity has also been reported.18,23
Amblyopia will remain a major public health problem
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until new and improved treatment modalities are developed. Despite all efforts to date to treat anisometropic
amblyopia, up to one third of treated children with this
condition will not achieve a visual acuity of 20/40 or better
(the level of acuity required to obtain an unrestricted
driver’s license in most states (www.lowvisioncare.com)
with available treatment. A report from the United
Kingdom even questioned the efficacy of amblyopia therapy, because no controlled studies had been done in
which the control group did not receive treatment.59 In
response to this report, a recent study that included a “no
treatment” control group reported that amblyopia treatment is worthwhile in children with visual acuity of less
than 20/40 in the amblyopic eye.60 Additionally, there is a
higher incidence of traumatic vision loss in the sound eye
of individuals who have only one normally sighted eye,61
putting amblyopic patients at higher risk for bilateral
visual impairment.
Amblyopia treatment is economically sound.
Membreno and coworkers62 reported on the incremental
cost-effectiveness of therapy for amblyopia and calculated
a savings of $2,281 per quality-adjusted life year with
amblyopia treatment. They concluded that when
compared to healthcare interventions for other medical
conditions, amblyopia care is highly cost-effective.
Poor compliance with treatment is commonly associated with amblyopia treatment failure.17,63 The Pediatric
Eye Disease Investigator Group58 recently reported better
compliance with atropine penalization than with occlusion
therapy, though compliance remained a problem for both
treatment groups. Patient compliance with any medical
treatment is notoriously suboptimal. Even patients with
life-threatening disorders such as asthma and organ transplant frequently fail to comply with treatment recommendations.64-67 Poor compliance may be even more frequent
when the patient is a child who cannot comprehend the
reason for the treatment, as is the case with amblyopia.
Given the known problems with treatment compliance, the long-lasting psychosocial issues associated with
standard amblyopia therapy, and the high percentage of
treatment failures with standard therapy, consideration of
nontraditional treatment options for anisometropic
amblyopia that are less dependent on long-term compliance is justified. Refractive surgery is a reasonable alternative to consider. Photorefractive keratectomy (PRK)
and laser in situ keratomileusis (LASIK) have both been
well received by adults with refractive errors.68-70
Refractive procedures that may have utility in children
include PRK, LASIK, laser epithelial keratomileusis
(LASEK), and possibly others.
Refractive Surgery
Excimer laser refractive surgery has been successfully

used in the treatment of myopia, hyperopia, and astigmatism in adults.71-79 Most adult patients who undergo PRK or
LASIK are satisfied with the outcome.68-70 PRK and
LASIK have been the most extensively studied of the
excimer laser procedures. Photorefractive keratectomy
involves removing the corneal epithelium, either with the
excimer laser or manually, followed by computer-guided
ablation of the underlying Bowman’s membrane and anterior corneal stroma. Laser in situ keratomileusis involves
creating a central corneal flap composed of epithelium,
Bowman’s membrane, and anterior stroma. Computerguided excimer laser ablation of the posterior corneal
stroma is then performed, followed by repositioning of the
corneal flap.
Advantages of LASIK over PRK include less postoperative discomfort, faster visual recovery, and maintenance of an intact Bowman’s membrane.80,81 Advantages of
PRK include avoidance of several serious potential
complications associated with LASIK, including corneal
flap loss, tear or striae, and keratectasia.81-91 An important
risk of PRK reported in adult patients is temporary or
permanent corneal haze.91-93 The implications of persistent
or even temporary corneal haze for a child are vastly
different from those for the adult because of the child’s
immature visual system and the risk of worsening the
amblyopia from form vision deprivation. Fortunately,
postoperative corneal haze typically has been mild in the
few children treated with PRK thus far, provided the
recommended postoperative topical steroid regimen was
followed.
Refractive Surgery in Children
Refractive surgery in children, to date, has been applied in
a haphazard fashion, without preliminary work to establish which children are most likely to benefit from treatment and to determine if there are unique characteristics
of the pediatric cornea that could alter PRK treatment
nomograms, intraoperative techniques, postoperative
management, or all of these. Experience with other pediatric ophthalmic surgical procedures dictates that children
cannot be treated merely as small adults. For example,
experience with pediatric corneal transplantation, cataract
surgery, and intraocular lens implantation has revealed
important, often vision-threatening, differences in pediatric response to surgery compared with adult patients
undergoing the same procedures.78,94-99 Surgical techniques
for children have often required modification due to
issues such as differences in corneal and scleral rigidity,
elasticity of the lens capsule, and lens/vitreous characteristics. Anticipation of future eye growth must also be
considered when planning and implementing eye surgery
in young children. Additionally, postoperative care of the
child does not usually parallel that of the adult because of
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differences in healing time, inflammatory response, cooperation, and childhood behaviors that may place the newly
operated eye at increased risk for trauma. To avoid repeating serious mistakes of the past when attempting to translate accepted adult procedures to children, careful scientific evaluation of refractive surgery in children is of paramount importance.
When considering performing a procedure on a child
that has been performed only on adults, one must be ever
cognizant of potential complications that could occur
immediately or many years after the procedure. Informed
consent for pediatric PRK from the parent and assent of
the child (if old enough) must include discussion and
understanding of the fact that no data are available on
extremely long-term outcomes in excimer laser–treated
eyes. This is particularly important for a child who has
potentially 70 to 80 more years to live.
Several uncontrolled studies have been published
regarding PRK and LASIK in children.86,100-109 In total, 118
children have been included in publications of pediatric
excimer refractive procedures. Most studies had fewer
than seven children in them; the largest study had 27.
Only one study has reported long-term results,108 and most
studies were conducted outside of the United States.86,100103,105-108
With the exception of three children in one study,106
all previous studies86,100-103,105,108,109 have reported only on
PRK or LASIK for the treatment of anisometropic myopia
or bilateral high myopia. Most studies have included only
children older than 7 years, an age often considered to be
less responsive to amblyopia treatment because of closure
of the sensitive period of visual development.110-113 Only
one study has provided data on stereopsis,108 and none
have included a control group. More important, all previous studies have apparently been conducted without
preliminary investigation of potential issues related to the
pediatric eye that might alter or even eliminate refractive
procedures as an option for children.
Anisometropic Amblyopia Failure Risk Factors
Knowledge about risk factors for anisometropic amblyopia treatment failure could be useful in the early identification of children who are most likely to fail conventional amblyopia therapy. More aggressive treatment and
closer follow-up might be warranted to improve the
chance of a successful outcome in these children. Early
utilization of nonconventional treatments, including
refractive surgery, might also be warranted in selected
children with identifiable risk factors for failure.
Central and Paracentral Corneal Thickness in
Children
Both PRK and LASIK are subtraction refractive procedures, resulting in permanent reduction in the thickness
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of the cornea. Current US Food and Drug Administration
guidelines for LASIK limit treatment parameters to
ensure that the cornea maintains a minimum thickness of
at least 410 to 430 µm (250 µm in posterior stromal bed
plus 160 to 180 µm in cap) to protect against potential
keratectasia.90,114-117 Very little is known about normative
values for corneal thickness (pachymetry) in the pediatric
population.
Corneal thickness in premature and neonatal subjects
has been reported.118-121 In addition to the age-limited
information available from these studies, minimal ethnically diverse information has been included.118-121 Variation
in adult corneal thickness by race has been well documented, with the central corneal thickness in African
Americans being significantly thinner than in
Caucasians.122 The previous studies on infant and newborn
corneal thickness have reported only central and limbal
corneal thickness measurements, which are thicker than
those of adults.118-121 Paracentral pachymetry data are
unavailable for pediatric patients. Both PRK and LASIK
ablate tissue in the paracentral region of the cornea; thus
knowledge about corneal thickness in this region is important. Only one study to date has evaluated corneal thickness in children older than the neonatal age group.123 The
investigators reported only central measurements and
used optical pachymetry, an older technology that is
known to be less accurate than modern ultrasound
pachymetry.124 Establishing normative corneal thickness
values for children is essential if refractive surgery is to
play a role in pediatric ophthalmology. If corneal thickness
in children is found to be significantly different than in
adults, treatment nomograms may need to be altered for
best visual and refractive outcomes.
Practical Issues Regarding Refractive Surgery in
Children
Refractive surgery is often considered impractical in
young children because of poor cooperation, the need for
general anesthesia, and the need for postanesthesia monitoring. Unfortunately, anisometropic amblyopia is best
managed early in life during the time the visual system is
most responsive to treatment. Photorefractive keratectomy in adults is performed under topical anesthesia in an
office setting. Voluntary immobilization of the eye is
required during the procedure. Young children, however,
are usually not cooperative, even for a detailed biomicroscopy examination, much less ophthalmic surgery.
Therefore, general anesthesia will be required in most
cases if refractive surgery is to be done in children under
10 or 11 years of age. Most of the published literature on
pediatric refractive surgery for anisometropia has
included only children old enough to cooperate for
surgery under topical anesthesia.86,100,102-107 In theory and
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probably in practice, serious application of pediatric
refractive surgery for anisometropic amblyopia must
include younger children well within the sensitive period
of visual development if it is to be maximally effective.
The requirement for general anesthesia creates a host
of important practical problems. The excimer laser is not
typically housed in a site that is safe for administration of
general anesthesia, and most lasers are not easily portable.
Inhalational anesthetic agents can alter excimer laser
function and even cause laser shutdown.125 Operational,
procedural, and organizational hurdles must be overcome
to safely and reliably apply refractive surgery under
general anesthesia.
Healing of the corneal epithelial defect following
PRK in adults typically occurs over a period of approximately 5 days.126 Postoperative pain is an important drawback of PRK in adult patients.99,127-130 No published reports
have described the rate of corneal healing and the degree
of postoperative pain in children treated with PRK. These
are important practical issues that pertain to the feasibility and public acceptance of this procedure for children.
Children with severe anisometropic amblyopia who
are noncompliant with traditional therapy typically will
have permanent, significant visual impairment.17,18,23,57,63,131
Refractive surgery could play an important role in treating
this difficult subset of patients. The purpose of this series
of studies was to systematically investigate the mechanics,
safety, efficacy, and appropriate application of PRK in
children with anisometropic amblyopia noncompliant
with traditional therapy.
METHODS

This study on patient selection, mechanics, safety, and
efficacy of PRK in children with anisometropia consists of
four parts: (1) retrospective evaluation of the records of
children with anisometropic amblyopia to identify characteristics of children most likely to fail standard treatment,
(2) prospective evaluation of central and paracentral
corneal thickness in a pediatric population to ensure the
feasibility of refractive surgery in children and to make
initial judgments regarding the potential need to modify
PRK treatment parameters for children, (3) development
and implementation of a standardized general anesthesia
protocol for PRK in children, and (4) performance of PRK
and follow-up of a group of children with anisometropic
amblyopia who were noncompliant with conventional
anisometropic amblyopia therapy. In this group, we
analyzed corneal healing, postoperative discomfort, visual
acuity, refractive response, stereopsis, corneal clarity, and
complications over a 2-year period. Visual acuity gains and
refractive errors were compared to those of two control
groups: (1) children with anisometropic amblyopia who

were either diagnosed late (after 6 years of age) or were
noncompliant with amblyopia therapy (noncompliant
group), and (2) children with anisometropic amblyopia
who were diagnosed before 6 years of age and were
compliant with amblyopia therapy (compliant group). The
studies that make up this report were all approved by our
institutional review board.
Anisometropic Amblyopia Treatment Failure Risk
Factors
In an effort to identify characteristics of children most
likely to fail standard therapy for anisometropic amblyopia, a retrospective review was performed of the records
of 104 children with anisometropic amblyopia we had
treated with refractive correction and occlusion and/or
atropine penalization of the sound eye. Inclusion criteria
included (1) age 3 to 8 years at the time of treatment initiation, (2) ability to perform Snellen or HOTV visual acuity
testing, (3) an initial difference in visual acuity between
fellow eyes of at least 3 lines of logMAR acuity, (4)
anisometropia of at least 1 diopter, (5) visual acuity in the
amblyopic eye of 20/50 or worse, (6) absence of structural
ocular abnormalities in either eye, and (7) at least 1 year
follow-up or follow-up to successful “functional outcome”
(visual acuity of at least 20/40 in the amblyopic eye),
whichever came first.
The data analyzed included age at initiation of treatment, male or female sex, initial and final best-corrected
visual acuity, initial cycloplegic refraction, presence of
manifest strabismus, treatment modality, and treatment
compliance by parental report at the first follow-up examination. Visual acuity was obtained using either Snellen or
HOTV charts. Compliance was determined from the
physician’s assessment in the medical record based on the
parental report. Lack of response to treatment was
defined prior to data collection in two ways: (1) relative
failure was defined as failure of visual acuity to improve by
at least 3 lines of logMAR visual acuity, regardless of the
final vision, and (2) functional failure was defined as a
final visual acuity of less than 20/40 in the amblyopic eye.
This level of visual acuity was chosen as the definition of
functional failure because 20/40 is the minimum monocular visual acuity required to obtain an unrestricted driver’s
license in most states (www.lowvisioncare.com, Vision and
Driving: State Rules/ Regulations/ Policies). Visual
acuities were converted to logMAR acuities for analysis.
They were then converted back to the more familiar
Snellen values to facilitate review of the data.
For analysis of age at presentation, we grouped our
patients into two groups: 3 to 5 years and 6 years or older.
For analysis of the effect of the degree of anisometropia,
we grouped the children into those with less than 4
diopters of anisometropia and those with anisometropia of
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4 diopters or more. To test the effect of compliance with
treatment, we categorized the children into two groups,
those with good compliance and those with suboptimal
compliance by parental report at first follow-up examination. For analysis of the effect of refractive error in the
amblyopic eye, we divided patients into those with spherical equivalent refractive error of greater than or equal to
3 diopters and those with spherical equivalent refractive
error of less than 3 diopters. We also categorized patients
having astigmatism into those with astigmatic error of 1.5
diopters or more and those with astigmatic error of less
than 1.5 diopters.
Statistical analysis was performed using Intercooled
Stata, version 7.0 (Stata Corp, College Station, Texas).
Logistic regression models were constructed for each of
the outcomes to estimate odds ratios (ORs) and 95%
confidence intervals (CIs) for each characteristic. An OR
greater than 1 indicates an increased effect of the characteristic on treatment failure. The Hosmer-Lemeshow
goodness-of-fit statistic was computed for visual acuity. A
P value of .05 was chosen for significance.
Central and Paracentral Corneal Thickness
A prospective investigation to determine the normative
values for corneal thickness in children aged 6 months to
14 years was conducted. Written parental informed
consent was obtained for all participants. Pachymetry
measurements were performed on 198 eyes of 108 children undergoing routine strabismus surgery under
general anesthesia, using an ultrasound pachymeter
(DGH-2000,
DGH
Technology,
Inc,
Frazer,
Pennsylvania) with a sound velocity of 1,640 meters per
second. Any patient with history of a corneal anomaly,
cataract, or glaucoma was excluded.
Following induction of general anesthesia, a wire
eyelid speculum was placed in the eye. A pre-inked, standard, 6 mm single-ended ring marker with cross hairs
(Duckworth & Kent, St Louis, Missouri) was applied to
identify the center and four standard paracentral sites 3
mm from the center of the cornea at the 3-, 6-, 9-, and 12o’clock positions. Next, three pachymetry measurements
were recorded at each of these five sites. If a value was
greater than 5% different from the other recordings at
that site, an additional measurement was taken. The
lowest (thinnest) value at each site was used for analysis,
because this represented the most perpendicular path
through the cornea. The cornea was moistened during the
procedure with balanced salt solution.
Statistical analysis was conducted in this part of the
study using Microsoft Excel 2000 (Microsoft Corp,
Redmond, Washington). The subjects were stratified into
the following age groups prior to data collection: less than
2 years, 2 to 4 years, 5 to 9 years, and 10 to 18 years. The
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two-tailed t test was used for comparison of the continuous means for values of corneal thickness. Analysis of variance (ANOVA) was performed to determine differences
among age groups and among different ethnic groups
(Caucasian, Hispanic, African American, other). Values
are reported as the mean corneal thickness in microns
(± standard deviation). Right and left eyes of each patient
were analyzed separately.
General Anesthesia Photorefractive Keratectomy
Protocol
This general anesthesia PRK protocol has been previously
published as briefly reviewed below.132 Nine children (aged 2
to 9 years) treated with PRK in this study required general
anesthesia because of inability to cooperate for the procedure under local anesthesia. Idiosyncrasies of the excimer
laser were addressed prior to performing an excimer laser
procedure under general anesthesia to reduce the risk of
unexpected refractive results and/or malfunction of the laser
during treatment. The purpose of this component of the
study was to develop and implement a standardized, reproducible, effective, and efficient means of conducting
excimer laser surgery on children under general anesthesia
and to report on the efficiency of the procedure and intraoperative and postoperative complications.
The anesthesia procedure from induction to anesthesia recovery was as follows. General anesthesia was
induced in a separate induction room using halothane and
nitrous oxide by mask inhalation. An intravenous line was
placed after the child was asleep, and a laryngeal mask
airway was inserted into the posterior pharynx. Several
patients also received small doses of propofol to deepen
anesthesia. An adhesive, nonporous drape was placed over
the laryngeal mask airway to minimize escape of the
inhalational anesthetic agents. The child was then transported to a nearby operating room fully monitored and
breathing oxygen and halothane through a Jackson-Rees
circuit. Before entering the operating room, the halothane
was discontinued. In the operating room, the laryngeal
mask airway was connected to a standard semiclosedcircle system through which the patient received 70%
nitrous oxide in oxygen. Nitrous oxide given through the
semiclosed circuit was administered throughout the
remainder of the case. Additional boluses of propofol
were administered as needed. The PRK then proceeded
as described in the next section.
The time intervals between cases, intraoperative laser
function, and intraoperative and postoperative complications were analyzed.
Photorefractive Keratectomy: Safety and Impact on
Refractive Error, Visual Acuity, and Stereopsis
A prospective case-comparison study was conducted of
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PRK in children. Written parental informed consent (and
verbal assent from the children old enough to understand)
was obtained for all participants. Eleven children between
2 and 11 years of age were treated with PRK for severe
anisometropia with amblyopia. In this study, PRK was
investigated rather than LASIK because we felt PRK had
a better risk profile for children, with less risk of serious
postoperative complications, such as flap loss and keratectasia.81,83,90 Inclusion criteria were (1) anisomyopia of at
least 6 diopters or anisohyperopia of at least 4 diopters, (2)
poor compliance with spectacles and/or contact lenses
and occlusion therapy based on parental report, and (3)
moderate to severe amblyopia of the eye with the highest
refractive error, defined as a best-corrected visual acuity
in the amblyopic eye that was at least 3 logMAR lines
lower than the sound eye or a strong fixation preference
for the fellow eye in preverbal children. Children with an
abnormality of the cornea, lens, or fovea were excluded.
Each child underwent a comprehensive ophthalmologic examination that included uncorrected and best
spectacle-corrected visual acuity, stereoacuity testing
(Titmus stereo fly test, Stereo Optical Co, Chicago,
Illinois), pupillary examination, ocular motility, tactile
tonometry, biomicroscopy, funduscopy, and cycloplegic
refraction. Visual acuity testing was done with the most
sophisticated standard visual acuity test the child could
comprehend and perform. Visual behavior was tested in
younger children using the fixation and following
response and the vertical prism test for fixation preference.133 Quantitative visual acuity testing was done as soon
as patient comprehension permitted. The Titmus stereo
fly test was chosen to test stereoacuity because of its ease
of use and reproducibility in young children. Ultrasound
pachymetry and keratometry were performed during the
preoperative examination in cooperative children and
under general anesthesia prior to the procedure in uncooperative children.
The refractive goal for each child was to reduce the
anisometropia to 3 diopters or less, up to a maximum
myopic treatment of 11.50 diopters and a maximum
hyperopic treatment of 5.25 diopters. Reducing
anisometropia to less than or equal to 3 diopters eliminates or greatly reduces the spectacle-induced aniseikonia
to the point where fusion is possible, making the condition
more amenable to treatment with spectacles. Myopic
treatment was limited to no more than 11.50 diopters
even though some of our patients had higher levels of
myopia, because extensive corneal haze with PRK for
higher levels of myopia has been reported in adults.134-137
Photorefractive keratectomy was performed as
follows. The supine child’s head was fixated in the desired
position with the plane of the iris perpendicular to the
laser beam. For cooperative children, topical anesthesia

was used for the PRK. These cooperative children then
fixated on the fixation light of the excimer laser machine
(Visx Star S2, San Jose, California), and the PRK
proceeded in the standard fashion. For the children
requiring general anesthesia, the surgeon fixated the eye
manually with forceps, taking care to avoid globe
compression. The laser aiming beam was centered on the
entrance pupil. For myopic PRK, laser scrape was used to
remove the epithelium, with any residual epithelium
being removed manually with a spatula. For hyperopic
PRK, the entire epithelium was removed manually. The
desired refractive correction was then programmed into
the excimer laser, and the PRK was performed. During
the entire procedure under general anesthesia, two
observers positioned on either side of the patient continually monitored eye position to ensure that the iris plane
remained perpendicular to the laser beam. The size of the
optical zone was 6.5 mm for all myopic PRKs and 9.0 mm
for all hyperopic PRKs.
After the procedure was completed, topical atropine
1%, ketorolac 0.5% (Acular, Allergan, Irvine, California),
and gentamicin were placed in the treated eye and a
disposable contact lens (SureVue, Johnson and Johnson,
Jacksonville, Florida) was placed on the cornea. Collagen
plugs were inserted into the upper and lower puncta to
maximize the tear film during the initial healing phase,
and a soft patch was placed over the eye. Since escape of
the inhalational anesthetic in the operating room could
potentially affect the function of the excimer laser on
subsequent patients, removal of the laryngeal mask airway
was deferred until the patient was in the recovery room.
The eye patch was removed when the patient was awake
in the recovery room.
Postoperative medications included topical ofloxacin
(Ocuflox, Allergan, Irvine, California) and loteprednol
0.5% (Lotemax, Bausch and Lomb, Rochester, New
York), four times a day in the treated eye until the corneal
epithelium healed. Topical ketorolac was prescribed up to
four times a day as needed for discomfort for the first 2
postoperative days. Hydrocodone oral elixir was also
prescribed as needed for severe discomfort for the first
few days. Ofloxacin and loteprednol were discontinued
after 1 week, and fluoromethalone 0.25% (FML Forte,
Allergan, Irvine, California) was prescribed four times a
day for 1 month, followed by a slow taper over the next 5
months.
The children were examined postoperatively at the
same time each day until the corneal epithelial defect had
healed, at which time the contact lens was removed. The
size of the corneal epithelial defect was measured horizontally and followed to determine the rate of corneal
healing. The residual epithelial defect size was recorded
as the ratio between the diameter of the defect and the
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horizontal diameter of the cornea.
Each day, including the day of surgery, ocular discomfort was assessed using a two-part pain assessment index
consisting of a facial expression scale138 and a digital analog
scale.138,139 These findings on corneal healing and discomfort following PRK in children have been previously
published.139 For the facial expression scale, a sheet of
paper with six faces was presented to the parent and child.
The six faces had different facial expressions with the
happiest face rated “0” and the saddest rated “10” (Figure
1A). The parent and all children who could cooperate
were asked to identify the face that they felt best represented the degree of discomfort felt by the child. On the
digital analog scale, a line with the numbers 0 to 10 was
presented to all parents and to children 5 years and older
(Figure 1B). The parent alone for the younger children or
the parent and child together for the children 5 years and
older were asked to choose the number that best
described the child’s discomfort. The number “0” represented no pain and the number “10” represented the
worst pain imaginable. The child was examined daily until
the corneal epithelium was fully healed and both scales
were rated as “0.”
Thereafter, the children were examined 1 month after
the procedure and then every 3 months for 12 months and
again at 24 months following the surgery. Cycloplegic
refractive correction was prescribed as needed at the 1month examination and updated as needed thereafter.
Occlusion therapy was recommended up to 8 hours per
day for the sound eye based on the child’s age and visual
deficit. Compliance was assessed at each follow-up visit.
“Excellent” compliance was defined as parental reporting
of compliance with treatment recommendations 76% or

FIGURE 1A
Facial expression scale. Note the gradual change in emotion in each face
progressing from left to right. The parent and children who could cooperate chose the face that best represented how the child felt.138

FIGURE 1B
Digital analog scale. “0” represented no pain and “10” represented the
worst pain imaginable. The parent and children who could cooperate
were asked to choose the number that most accurately represented the
child’s discomfort.
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more of the time. “Good” compliance meant that the
parent reported compliance 51% to 75% of the recommended time, “fair” that parent reported compliance 25%
to 50% of the recommended time, and “poor” that the
parent reported compliance less than 25% of the recommended time.58
Data analyzed from each comprehensive follow-up
examination included uncorrected and best spectaclecorrected visual acuity, stereoacuity, ocular motility,
degree of corneal haze, and cycloplegic refraction.
Postoperative subepithelial corneal haze was graded on a
scale of 0 to 4+ (0 = clear cornea; 1+ = trace haze, only
detectable with tangential illumination; 2+ = mild,
discrete haze visible with difficulty by focal illumination;
3+ = moderately dense opacity partially obscuring iris
detail; 4+ = dense opacity obscuring details of intraocular
structures).103,140
Postoperative corneal topography (Humphrey Atlas,
version A11.2, Dublin, California) was performed as
patient cooperation allowed to assess for centration.
Using tangential maps (standardized scale) from the
Humphrey Atlas, centration was determined according to
the method previously described by Lin and coworkers.141
The edges of the ablation in the X-axis and Y-axis were
marked, and the center of the ablation was estimated to
be the intersection of the X and Y axes. With the computer
cursor positioned at this point, the legend on the topographic map indicated the distance to the nearest 0.01
mm and the angle (semimeridian in degrees) of the ablation zone relative to the pupillary center.
The best spectacle-corrected visual acuities for the
PRK study group at the 24-month examination (or last
follow-up visit for one child who was lost to follow-up after
6 months) were compared to those of two control groups:
(1) anisometropic children who either were diagnosed
after age 6 years or were noncompliant with amblyopia
therapy (noncompliant control group), and (2)
anisometropic amblyopic children who were diagnosed
before age 6 and were compliant with therapy (compliant
control group). The best-corrected visual acuity at the last
visit in the control group was used for comparison. Control
group patients were identified retrospectively by medical
records review because we felt it would have been unethical to randomize children prospectively to a “no treatment”
group in order to obtain these comparison visual acuity
data. Control patients came from my practice and from a
database of amblyopia patients from multiple pediatric
ophthalmology practices. The control children from my
practice were consecutively identified using a computer
search for “anisometropia.” All control patients had at least
4 diopters of anisometropia and at least 1 year follow-up.
Strabismus was the only other eye abnormality the control
patients were allowed to have. We believe that the visual
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acuities in the noncompliant control group were comparable to visual acuities that our treated children might have
had had PRK not been performed, and the visual acuities
in the compliant group were comparable to visual acuities
that our treated children might have had had they been
compliant with standard amblyopia therapy.
Visual acuities in the PRK group and the control
groups were converted to logMAR acuities for the analyses because of linearity. They were then converted back to
the more familiar Snellen values to facilitate review of the
data. Statistical calculations were performed using
Intercooled Stata, version 7.0 (Stata Corp, College
Station, Texas). Continuous data were compared between
PRK cases and control groups using the Student t test.
Ordinal data were analyzed using logistic regression.
Refractive and corneal haze results were analyzed
throughout the 24-month follow-up period. Visual acuity
outcomes were analyzed at the 12- and 24-month followup visits.
Safety of PRK in children with anisometropic amblyopia was assessed using a previously published refractive
surgery safety index (safety index = postoperative bestcorrected visual acuity ÷ preoperative best-corrected
visual acuity).107,108 Efficacy was assessed using a previously published refractive surgery efficacy index (efficacy
index = postoperative uncorrected visual acuity ÷ preoperative best-corrected visual acuity).107,108
RESULTS

Anisometropic Amblyopia Treatment Failure Risk
Factors
One hundred and four children were included. The mean
age at initiation of amblyopia treatment was 4.8 ± 1.5
years. Thirty children (29%) were more than 6 years old,
and 59 (57%) were male. Seventy-one (68%) were
Caucasian, 16 (15%) were Hispanic, 9 (9%) were African
American, and 8 (8%) were of mixed origin. Amblyopia
affected the right eye of 46 patients (44%), and strabismus
was present in 66 (64%). The mean duration of follow-up
was 17 months (range, 3 to 95 months).
The absolute value of the mean difference in spherical equivalent refraction between the two eyes was 5.00
diopters (range, 1.00 to 13.00). The mean spherical equivalent refraction in the amblyopic eye was +4.30 diopters
(range, +0.75 to +11.00 D) in the hyperopic group and
–5.40 diopters (range, –1.50 to –13.00) in the myopic
group. The initial best-corrected visual acuity of the
amblyopic eye was 20/60 or better in 27 (26%), 20/70 to
20/100 in 31 (30%), 20/125 to 20/200 in 18 (17%), and
worse than 20/200 in 27 (26%). The mean best-corrected
logMAR acuity in the amblyopic eye was 0.9 (20/160)
(range, 0.4 to 2 [20/50 to 20/2000]). The mean logMAR

visual acuity in the sound eye was 0.2 (20/30). The mean
difference in the logMAR acuity between fellow eyes was
5 lines (range, 3 to 8). Eighty-six patients (83%) were
treated with occlusion, and 18 (17%) used atropine penalization of the sound eye.
Table 1 summarizes the patient demographics.
Table 2 summarizes the relative and functional failure
rates for each suspected risk factor. The unadjusted and
adjusted ORs and P values for each risk factor for relative
and functional failures are presented in Tables 3 and 4,
respectively. The correlations of the outcome of treatment
to age at initiation of treatment, compliance with the
treatment regimen, and amount of astigmatism in the
amblyopic eye are presented in Table 5. Overall, 78
patients (75%) experienced relative success (improvement by at least 3 lines of logMAR acuity in the amblyopic
eye), and 57 patients (55%) experienced functional
success (20/40 or better visual acuity of the amblyopic
eye). Each suspected risk factor is explored in detail
below.
Age
Twenty-five children (24%) were 6 years of age or older.
Of these, 17 (68%) achieved relative success and 7 (28%)
achieved functional success. Of the 79 patients below 6
years of age, 60 (76%) achieved relative success and 49
(62%) achieved functional success. Table 5 shows the
dose-response relationship between the age and the risk
of amblyopia treatment failure. The risk of relative and
functional failure increased as age increased. Age of 6
years or more at the onset of treatment was a statistically
significant risk factor for functional failure (OR = 4.69
[1.55, 14.2]; P = .01) (Tables 4 and 5) (Figures 2 and 3).

TABLE

1.

ANISOMETROPIC AMBLYOPIA TREATMENT

FAILURE ANALYSIS: DEMOGRAPHICS
CHARACTERISTIC

METRIC

Mean age ± SD

4.8 ± 1.5 years

Male:female

59:45

Median duration of follow-up (range)

17 months (3 to 95 months)

Absolute value of the mean difference in

5.00 D (1.00 to 13.00 D)

SERE (range)
Mean best-corrected logMAR acuity in the
amblyopic eye (range)[Snellen equivalents]
Mean difference in the logMAR acuity

0.9 (0.4 to 2)
[20/160 (20/50 to 20/2000)]
5 lines (3 to 8 lines)

between the two eyes (range)
SD, standard deviation; SERE, spherical equivalent refractive error.
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TABLE

2.

SUSPECTED RISK FACTORS FOR FAILURE OF TREATMENT FOR ANISOMETROPIC
AMBLYOPIA AMONG CHILDREN AGED
NO.

CHARACTERISTIC

(%) OF PATIENTS

NO.

3

TO

8

YEARS OF AGE

(%) RELATIVE FAILURE*

NO.

(%) FUNCTIONAL FAILURE†

Age ≥6 years

25 (24)

8 (32)

Concurrent strabismus

66 (63 )

20 (30)

34 (51)

SERE amblyopic eye ≥3.00 D

70 (67)

18 (26)

30 (43)

Cylinder of amblyopic eye

30 (29)

13 (43)

19 (63)

22 (21)

5 (23)

12 (54)

35 (34)

7 (20)

25 (71)

23 (22)

12 (52)

14 (72)

23 (22)

8 (35)

12 (52)

18 (72)

≥1.50 D
Interocular SERE difference
≥4.00 D
Initial visual acuity of
amblyopic eye of 20/200 or
worse
Suboptimal treatment
compliance
Myopia

D, diopters; SERE, spherical equivalent refractive error.
*Relative failure means failure of visual acuity to improve by at least 3 logMAR lines in the amblyopic eye.
†Functional failure means failure to achieve a final visual acuity of 20/40 or better in the amblyopic eye.

TABLE

3.

MULTIVARIATE REGRESSION ANALYSIS OF SUSPECTED RISK FACTORS FOR RELATIVE FAILURE OF

ANISOMETROPIC AMBLYOPIA TREATMENT (FAILURE OF FINAL VISUAL ACUITY TO IMPROVE BY AT LEAST
CHARACTERISTIC

UNADJUSTED OR

(95% CI)

P VALUE

3

LOGMAR LINES)

ADJUSTED OR

(95% CI)

P VALUE

Age ≥6 years

1.68 (0.66, 4.26)

.28

2.80 (0.80, 9.84)

.11

Concurrent strabismus

3.30 (1.13, 9.63)

.03

3.96 (0.95, 16.6)

.06

SERE amblyopic eye ≥3.00 D

0.37 (0.15, 0.92)

.031

0.41 (0.12, 1.41)

.16

Cylinder of amblyopic eye ≥1.50 D

3.00 (1.08, 8.35)

.04

5.78 (1.27, 26.5)

.02

Interocular SERE difference ≥4.00 D

0.85 (0.24, 2.89)

.78

1.19 (0.68, 2.06)

.58

Initial visual acuity in amblyopic eye of 20/200 or worse

0.98 (0.36, 2.67)

.97

1.15 (0.30, 4.33)

.84

Suboptimal amblyopia treatment compliance

5.48 (2.00, 15.03)

.001

5.47 (1.70, 17.6)

.004

Myopia

1.87 (0.18, 1.65)

.21

1.65 (0.53, 3.75)

.31

D, diopter; CI, confidence interval; OR, odds ratio; SERE, spherical equivalent refractive error.

Degree of Anisometropia
Twenty-two patients (21%) had anisometropia of 4
diopters or more. Of these, 17 (77%) achieved relative
success and 10 (45%) achieved functional success. Of the
82 patients who had anisometropia of less than 4 diopters,
59 (72%) achieved relative success and 44 (54%) achieved
functional success. The degree of anisometropia was not
found to be a statistically significant risk factor for treatment failure (Tables 3 and 4).
Compliance With Treatment
Suboptimal compliance with treatment was reported in 23
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patients (22%). Of these, 11 (48%) achieved relative
success and 9 (39%) achieved functional success. Among
the 81 patients with good compliance, 67 (83%) achieved
relative success and 48 (59%) achieved functional success.
Table 5 shows the dose-response relationship between
compliance and the risk of amblyopia treatment failure.
The risk of relative and functional failure increased as
compliance with therapy decreased. Poor compliance
with treatment was found to be a statistically significant
risk factor for relative failure (OR = 5.47 [2.00, 15.03]; P
= .004) (Table 5, Figures 2 and 3).
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TABLE

4.

MULTIVARIATE REGRESSION ANALYSIS OF SUSPECTED RISK FACTORS FOR FUNCTIONAL FAILURE

OF ANISOMETROPIC AMBLYOPIA TREATMENT (FINAL VISUAL ACUITY OF LESS THAN
CHARACTERISTIC

UNADJUSTED OR

(95% CI)

P VALUE

20/40

IN THE AMBLYOPIC EYE)

ADJUSTED OR

(95% CI)

P VALUE

Age ≥6 years

2.84 (1.18, 6.83)

.02

4.69 (1.55, 14.2)

Concurrent strabismus

2.45 (1.06, 5.65)

.04

2.41 (0.79, 7.31)

.12

SERE amblyopic eye

0.88 (0.39, 1.98)

.76

1.08(0.37, 3.20)

.89

1.63 (0.61, 4.35)

.33

1.10 (0.29, 4.21)

.89

1.61 (0.57, 4.60)

.32

1.40 (0.78, 2.50)

.29

2.61 (1.05, 6.46)

.04

3.79 (1.28, 11.2)

.02

2.07 (0.84, 5.09)

.11

2.43 (0.86, 6.85)

.09

1.29 (0.47, 3.53)

.58

1.11 (0.7, 2.75)

.76

.01

≥3.00 D
Cylinder of amblyopic
eye ≥1.50 D
Interocular SERE
difference of ≥4.00 D
Initial visual acuity in
amblyopic eye of
20/200 or worse
Suboptimal amblyopia
treatment compliance
Myopia

D, diopters; CI, confidence interval; OR, odds ratio; SERE, spherical equivalent refractive error.

TABLE

5.

DOSE-RESPONSE RELATIONSHIP BETWEEN (A) AGE, (B) COMPLIANCE WITH THE TREATMENT, AND (C) CYLINDER IN THE AMBLYOPIC EYE AT
THE ONSET OF TREATMENT AND THE OUTCOME OF ANISOMETROPIC AMBLYOPIA THERAPY

A.
RELATIVE FAILURE*
AGE AT ONSET OF TREATMENT
≤4 years
4-5 years
≥6 years

UNADJUSTED OR

(95% CI)

1.00 (referent)
1.74 (0.40, 7.46)
2.82 (0.72, 11.20)

FUNCTIONAL FAILURE
P VALUE

–
.40
.08

UNADJUSTED OR

(95% CI)

1.00 (referent)
0.94 (0.32, 2.73)
3.02 (1.02, 9.12)

P VALUE

–
.90
.02

B.
FUNCTIONAL FAILURE*

RELATIVE FAILURE
AMBLYOPIA TREATMENT COMPLIANCE

Good
Fair
Poor

ADJUSTED OR

(95% CI)

1.00 (referent)
6.65 (1.58, 28.0)
12.0 (2.16, 66.2)

P VALUE

–
.01
.004

UNADJUSTED OR

(95% CI)

1.00 (referent)
2.02 (0.52, 7.79)
6.86 (1.36, 34.6)

P VALUE

–
.31
.02

C.
RELATIVE FAILURE
CYLINDER OF AMBLYOPIC EYE

<1.00 D
1.00 to 1.50 D
≥1.5 D

ADJUSTED OR

(95% CI)

1.00 (referent)
2.2 (0.53, 9.06)
6.6 (2.00, 22.3)

FUNCTIONAL FAILURE
P VALUE

–
.20
.0002

UNADJUSTED OR

(95% CI)

1.00 (referent)
2.05 (0.65, 6.47)
4.6 (1.55, 14.00)

P VALUE

–
.16
.002

*Adjusted for age, concurrent strabismus, high cylinder, and poor initial vision.
D, diopters; CI, confidence interval; OR, odds ratio.
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Visual Acuity
Thirty-five patients (34%) had initial acuity of 20/200 or
worse. Of these, 28 (80%) achieved relative success and
10 (29%) achieved functional success. Of 69 patients with
visual acuity better than 20/200, 50 (73%) achieved relative success and 47 (68%) achieved functional success.
The Hosmer-Lemeshow goodness-of-fit statistic showed
good fit for the models for lines of acuity gained (P = .84)
and for best visual acuity obtained (P = .29) (Figures 2 and
3). Visual acuity of 20/200 or worse in the amblyopic eye
was found to be a statistically significant risk factor for
functional failure (OR = 3.79 [1.28, 11.2]; P = .01).
Concurrent Strabismus
Sixty-six patients (63%) had concurrent strabismus. Of
these, 46 (70%) achieved relative success and 32 (49%)
achieved functional success. Of the 38 patients who did
not have strabismus, 32 (84%) achieved relative success
and 25 (66%) achieved functional success. The association
of strabismus with anisometropia was a risk factor for both
relative failure (OR = 3.30 [1.13, 9.63]; P = .03) and functional failure (OR = 2.45 [1.06, 5.65]; P = .04). When the
results were adjusted for the other risk factors, however,
strabismus was not found to be a statistically significant
independent risk factor for treatment failure.
Type of Refractive Error
Twenty-three (22%) of the patients were myopic. Of
these, 14 (61%) achieved relative success and 11 (48%)
achieved functional success. Of the 81 hyperopic patients,
63 (78%) had relative success and 46 (57%) had functional
success. Although the risk for failure was slightly higher in
myopes, this difference was not statistically significant
(Tables 3 and 4).
Spherical Equivalent
Seventy patients (67%) had a spherical equivalent refractive error of more than 3.00 diopters. Of these, 52 (74%)
achieved relative success and 40 (57%) achieved functional success. Of the 34 patients with spherical equivalent
refractive error of less than 3.00 diopters, 26 (77%)
achieved relative success and 17 (50%) achieved functional success. Spherical equivalent refractive error of
more than 3.00 diopters in the amblyopic eye was not
found to be a statistically significant risk factor for treatment failure (Tables 3 and 4).
Astigmatism
Thirty patients (29%) had astigmatism of 1.5 diopters or
more in the amblyopic eye. Of these, 17 (57%) achieved
relative success and 11 (37%) achieved functional success.
Of the 74 patients with astigmatism of less than 1.5
diopters, 61 (83%) achieved relative success and 46 (62%)
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achieved functional success. Table 5 shows the doseresponse relationship between the amount of astigmatism
in the amblyopic eye and the risk of amblyopia treatment
failure. The risk of failure increased as the degree of astigmatism in the amblyopic eye increased. Astigmatism of
1.5 diopters or more in the amblyopic eye was found to be
a statistically significant risk factor for relative failure
(OR = 5.78 [1.27, 26.5]; P = .02) (Figure 2).
Summary of Risk Factors for Anisometropic Amblyopia
Treatment
The following risk factors were significantly associated
with conventional treatment failure of anisometropic
amblyopia: (1) poor compliance with treatment recommendations (relative failure), (2) age 6 years or greater at
initiation of treatment (relative failure), (3) astigmatism of
1.5 diopters or more (functional failure), and (4) initial
visual acuity of 20/200 or worse (functional failure).
Corneal Thickness
We prospectively examined 198 eyes of 108 children.
Fifty-seven patients (53%) were male. The eyes examined
were divided equally between the right and left eyes (99
eyes each). One hundred ten eyes (56%) belonged to
Caucasian patients, 64 (32%) to Hispanic patients, 12
(6%) to African Americans, and 12 (6%) eyes to patients
of multiracial origin.
The mean central corneal thickness ± standard deviation (SD) was 544 ± 46 µm. The mean paracentral corneal
thickness values ± SD measured at 3 mm from the corneal
center were as follows: superior, 575 ± 52 µm; nasal, 568 ±
50 µm; inferior, 568 ± 51 µm; and temporal, 574 ± 47 µm.
The mean central corneal thickness values were significantly thinner than at each of the mean paracentral thicknesses (P < .05 for each comparison, paired t test). The
paracentral corneal thickness measurements demonstrated no significant differences between locations (P >
.05, ANOVA). The mean central corneal thickness values
for the right and the left eyes were 548 µm and 550 µm,
respectively, which were not significantly different.
Patients ranged in age from 7 months to 14.7 years
old. The number of eyes in each age group was as follows:
younger than 2 years old, 68; 2 to 4 years, 62; 5 to 9 years,
50; and 10 to 18 years, 18. The mean central corneal thickness ± SD for each age group was as follows: 6 to 23
months, 538 ± 40 µm; 2 to 4 years, 546 ± 41 µm; 5 to 9
years, 565 ± 48 µm; and 10 to 18 years, 555 ± 35 µm
(Figure 4). ANOVA performed on the central pachymetry
measurement yielded a significant difference between age
groups (P = .008). The two-tailed t test performed in the
different age subgroups showed that the central cornea
was significantly thicker in the group of children aged 5 to
9 years when compared with either the younger-than-2-
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years age group or the 2- to 4-year-old age group. The
difference in the mean central corneal thickness in the
other age groups was not statistically significant. Trends of
the central corneal thickness among age groups were similar to those of the paracentral locations (Figure 5).
The data were subdivided by ethnic group. Mean
central corneal thickness measurements ± SD for each
ethnic group were as follows: Caucasian, 551 ± 48 µm;
Hispanic, 550 ± 34 µm; African American, 532 ± 48 µm;
and other, 542 ± 41 µm (Figure 6). ANOVA performed on
central pachymetry values demonstrated no significant
differences among racial subgroups overall (ANOVA, P
=.48) and when divided into the different age subgroups
(ANOVA, P = .79) (Figure 7).
General Anesthesia Protocol
Nine (82%) of the 11 children who underwent PRK in this
study required general anesthesia for the procedure. The
mean age of this subgroup was 5.5 years (range, 2 to 9
years). Two were female. None suffered anesthesiarelated or treatment-related complications. The mean
duration from induction of one case to induction of the
next was 31 minutes (22 to 44 minutes). The excimer laser
functioned normally with no unexpected refractive
results. All patients were discharged home after the standard recovery room observation period of 1 hour. No postoperative complications occurred.
Photorefractive Keratectomy: Safety and Impact on
Refractive Error, Visual Acuity, and Stereopsis
The mean age of the 11 treated children was 6.1 years
(range, 2 to 11 years). Nine children (82%) were male and
10 (91%) of the treated eyes were right eyes. Eight children were treated for anisomyopia and three for anisohyperopia. Eight children (73%) were Caucasian, one (10%)
was Hispanic, and two (18%) were African American.
Mean follow-up time was 22 ± 9.4 months (Table 6).
Corneal Healing and Discomfort
The corneal epithelial defect healed steadily each day in
all patients. The mean epithelial defect size (mean
percentage of the horizontal corneal diameter) was 43 ±
19% on the first postoperative day, 26 ± 15% on the
second postoperative day, 20 ± 6% on the third postoperative day, and 2 ± 2% on the fourth postoperative day
(Figure 8). All were healed by the fifth postoperative day.
The mean time for complete healing of the corneal defect
was 3.5 days (range, 3 to 5 days). The corneal epithelium
healed completely in 3 days in six patients (60%), in 4 days
in three patients (30%), and in 5 days in one patient
(10%). The mean healing time for myopic PRK was 2.8
days and for hyperopic PRK was 4.5 days.
Seven (70%) of the children, aged 6 to 10 years, were

able to understand and were willing to evaluate their own
discomfort using the facial expression and digital analog
scales. The parents of three other children, aged 2 to 5
years, solely evaluated their children’s discomfort.
Postoperatively, patients/parents reported mild to moderate discomfort on the day of surgery with a mean facial
expression rating of 4.8 (range, 2 to 10) and a mean digital analog rating of 2.3 (range, 1 to 7) (Figure 9). On the
first postoperative day, patients/parents reported mild
postoperative discomfort, with a mean facial expression
score of 3.6 (range, 2 to 10) and a mean digital analog
score of 2.0 (range, 0 to 7). On the second postoperative
day, the patients/parents reported minimal discomfort,
with a mean facial expression score of 2.0 (range, 0 to 4)
and a mean digital score of 0.3 (range, 0 to 2). After the
second postoperative day, all reported no pain or other
discomfort. Five children (50%) used topical ketorolac for
discomfort once or twice on the first postoperative day
and none thereafter. Three children (30%) used the
hydrocodone oral elixir analgesic on the first postoperative
day, and none used it thereafter.
Refractive Error
Myopia Group. Table 6 demonstrates complete
refractive results. Table 7 shows the preoperative and 24month postoperative results of the individual patients.
The mean preoperative spherical equivalent in the myopic
group was –13.70 ± 3.77 diopters; the mean interocular
spherical equivalent difference was 11.07 ± 4.02 diopters.
The maximum refractive spherical equivalent treatment
dose was 11.50 diopters. The mean final target spherical
equivalent was –3.50 ± 3.70 diopters. The mean target
refractive error reduction was 10.10 ± 1.39 diopters of
myopia. The mean spherical equivalent refractive error
reductions at 12 and 24 months were 10.56 ± 3.00
diopters and 9.70 ± 2.80 diopters, respectively. The mean
12-month and 24-month postoperative myopic spherical
equivalents were –3.20 ± 2.50 diopters and –3.30 ± 2.54
diopters, respectively (Table 6, Figure 10).
The mean spherical equivalent difference between
the 12-month target and 12-month achieved refractive
change after myopic PRK was 0.20 ± 2.67 diopters of
overresponse. No patient had an overresponse producing
hyperopia. At the 24-month follow-up visit, the cycloplegic refractive error of the treated eye was within 3
diopters of that of the fellow eye in six of eight eyes. At
this same visit, three of eight myopes were within 1
diopter of target refractive spherical equivalent and six of
eight were within 2 diopters (Table 6 and Figure 10). Two
patients who were highly myopic preoperatively achieved
a greater degree of correction than targeted. Patient 7,
with a preoperative spherical equivalent refractive error
of –21.00 diopters, had a refractive target reduction of

353

Paysse

FIGURE 2
Analysis of suspected risk factors for relative failure (failure to achieve at
least 3 lines improvement of logMAR visual acuity) of treatment of
anisometropic amblyopia.

FIGURE 3
Analysis of suspected risk factors for functional failure (failure achieve at
least 20/40 visual acuity in the amblyopic eye) of treatment of
anisometropic amblyopia.

FIGURE 4
Mean central corneal thickness compared by age for both right and left
eyes.

FIGURE 5
Mean corneal thickness by age and location for right eyes (A) and left
eyes (B).

FIGURE 6
Mean central corneal thickness measurements by race.

11.50 diopters but at 12 months achieved a refractive
reduction of 16.75 diopters and a spherical equivalent
result of –4.75 diopters. Patient 3, with a preoperative
spherical equivalent refractive error of –13.75 diopters,
had a refractive target reduction of 10.50 diopters and at
12 months achieved a final refractive reduction of 13.25
diopters and a spherical equivalent result of –0.50
diopters. The spherical equivalent refractive errors on
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FIGURE 7
Mean pachymetry by age and race for right eyes (A) and left eyes (B).
There was no significant difference between ethnic groups divided by age.
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PATIENT DEMOGRAPHICS AND REFRACTIVE RESULTS OF THE CHILDREN WHO

UNDERWENT PHOTOREFRACTIVE KERATECTOMY FOR ANISOMETROPIA
CHARACTERISTIC

MYOPIC GROUP

HYPEROPIC GROUP

No. of patients

8

Mean age in years (range)

4 (2 to 8)

9 (8 to 11)

44.80 ± 1.54

42.30 ± 1.06

Mean preop K readings ± SD (D)

3

Mean preop corneal thickness ± SD (µm)

521 ± 43.4

Mean preop SERE ± SD (D)

-13.70 ± 3.77

Mean interocular SERE difference ± SD (D)
Maximum refractive SERE dose (D)

11.07 ± 4.02
-11.50

Mean target SERE ± SD (D)

-3.50 ± 3.70

Mean target SERE reduction ± SD (D)

10.10 ± 1.39

Mean 12-mo SERE reduction ± SD (D)

10.56 ± 3.0

Mean 24-mo SERE reduction ± SD (D)

536 ± 42.4
+4.75 ± 0.50
4.38 ± 0.45
+5.25
plano
4.75 ± 0.5
4.08 ± 0.80

9.70 ± 2.80

2.80 ± 1.00

Mean 12-mo postop SERE ± SD (D)

-3.20 ± 2.50

+0.67 ± 0.50

Mean 24-mo postop SERE ± SD (D)

-3.30 ± 2.54

+1.78 ± 0.40

Mean SERE 12-mo regression ± SD (D)

2.50 ± 2.23

1.10 ± 1.60

Mean SERE 12- to 24-mo regression ± SD (D)

0.8 ± 1.27

0.90 ± 0.84

No. of pts within 1 D of target at 24 months

3 of 8

1 of 2

No. of pts within 2 D of target at 24 months

6 of 8

% reduction in RE at 24 months

76%

2 of 2
63%

D, diopters; K, keratometry; preop, preoperative; postop, postoperative; mo, month; SD, standard deviation; SERE, spherical equivalent refractive error.

these two patients at 24 months were –5.9 diopters and
–2.50 diopters, respectively, demonstrating some regression of effect.
Refractive error stability over the 24-month follow-up
period is illustrated in Figure 11. Our myopic group had
moderate refractive regression over the first 12-month
follow-up period with a mean spherical equivalent regression of 2.50 ± 2.23 diopters, which stabilized over the next
12 months with minimal further regression of 0.50 ± 1.07
diopters.
Hyperopia Group
Table 6 demonstrates complete refractive results. Table 7
shows the preoperative and 24-month postoperative
results of the individual patients. The mean preoperative
spherical equivalent in the hyperopic group was +4.75 ±
0.50 diopters; the mean interocular spherical equivalent
difference was 4.38 ± 0.45 diopters. The maximum refractive spherical equivalent treatment dose was 5.25
diopters. The mean final target spherical equivalent was
plano, and the mean target refractive error reduction was
4.75 diopters ± 0.50 diopters. The mean refractive error
reductions at 12 and 24 months were +4.08 ± 0.80
diopters and 2.80 ± 1.00 diopters, and the mean 12-month
and 24-month postoperative hyperopic spherical equivalent refractive errors were +0.67 ± 0.50 diopters and

+1.78 ± 1.40 diopters, respectively (Table 6, Figure 10).
The mean spherical equivalent difference between the
12-month target and 12-month achieved refractive change
after hyperopic PRK was 0.96 ± 0.68 diopters of underresponse. At the 24-month follow-up visit, the cycloplegic
refractive error of the treated eye in both children who
returned for follow-up was within 3 diopters of the fellow
eye. At this same visit, one hyperope was within 1 diopter
of target spherical equivalent. The other, who had developed late-onset peripheral anterior corneal stromal haze,
was within 2 diopters of target. The last child did not
return for follow-up (Figure 10).
Refractive error stability over the 24-month follow-up
period is demonstrated in Figure 11. Over the first 12month follow-up interval, our hyperopic group showed
mild refractive regression with a mean spherical equivalent regression of 1.10 ± 1.6 diopters. Between 12 and 24
months follow-up, further regression of 0.9 ± 0.8 diopters
occurred.
Corneal Haze and Topography
The mean postoperative corneal haze measurement at 12
months was 0.5+ (range, 0 to 2+) (Figure 12). All but one
child with residual corneal haze were myopic. Only one
patient (age 4 at treatment) had mild to moderate corneal
haze (2+) at 12 months. This child had not been compli-
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FIGURE 8
Mean healing of the corneal epithelial defect following photorefractive
keratectomy. The defect size is expressed as a percentage of the cornea
size. Note the rapid decrease in the size of the epithelial defect.

FIGURE 9
The mean degree of discomfort after PRK as graded using the digital
analog scale (DAS) and the facial expression scale (FES). Note the rapid
decrease in discomfort in the first 2 days.

FIGURE 11
Refractive error stability over time in the myopic and hyperopic
subgroups of children treated with PRK. The mean refraction is the
spherical equivalent refraction.

FIGURE 10
Target refractive treatment change compared to the 12-month and 24month results in the myopic and hyperopic groups treated with PRK.
Note that the points above the line represent overresponse from target
and those below the line represent underresponse from target.

FIGURE 12
Corneal haze at 1, 12, and 24 months after PRK in 11 children.
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PREOPERATIVE AND POSTOPERATIVE RESULTS OF ALL PATIENTS WITH PHOTOREFRACTIVE KERATECTOMY

2-YEAR POSTOPERATIVE DATA

PREOPERATIVE DATA
STEREO
AGE

SE

INTEROCULAR

(YR)

(D)

SE DIFF (D)

1

3

-15.75

2

8

3

2

4*

PT

UCVA

BSCVA

(SECS OF
ARC)

OCULAR

PRK

ALIGNMENT DOSE

STEREO

OCULAR
ALIGNMENT

HAZE

BSCVA

(SECS OF
ARC)

(PD)

(0-4+)

Unable

Ortho

1+

Nil

Ortho

0.5+

Unable

Ortho

0

SE INTEROCULAR

(PD)

(D)

(D)

Unable

Ortho

-11.5

-5.9

3.00

F&F

F&F

Nil

Ortho

-10

1

2.75

20/200

20/100

Unable

Ortho

-10

-2.5

1.50

20/60

20/60

-7

5.50

20/100

20/100

140

Ortho

0.5+

0.60

20/60

20/30

50

Ortho

0

SE DIFF

(D)

CORNEAL

UCVA

12.87

F&F

F&F

-10.00

8.13

20/300

20/200

-13.75

11.62

F&F

F&F

6

-15.75

14.00

3/400

20/200

Nil

Ortho

-10

5

10

+4.25

3.88

20/60

20/30

800

Ortho

+4.25

6

4

-11.50

11.25

20/200

20/200

Nil

Ortho

-11.5

-5

5.00

20/600

20/400

400

Ortho

2+

7

7

-21.00

18.35

20/100

20/800

Nil

ET 25

-10

-4.9

1.75

20/800

20/800

Nil

ET 16

0.5+

8

4

-9.75

9.25

20/250

20/200

Nil

ET 20

-7

-2.5

3.00

20/400

20/100

Nil

X(T) 16

0.5+

9

4

-11.75

10.25

5/400

5/400

Nil

Ortho

-10.5

-2.75

2.75

10/300

10/300

Nil

Ortho

0

10* 13

+5.25

4.75

20/300

20/40

400

Ortho

+5.25

0.25

0.50

20/40

20/40

100

Ortho

0.5+

11

+4.75

4.50

20/200

20/60

400

Ortho

+4.75

2.75

1.75

20/60

20/50

3000

Ortho

1+

8

0.8

*Follow-up 12 months or less.
BSCVA, best spectacle-corrected visual acuity; diff, difference; F&F, fix and follow; NA, not able; PD, prism diopters; SE, spherical equivalent; UCVA,
uncorrected visual acuity.

TABLE

8.

CORNEAL TOPOGRAPHY FOR DECENTRATION OF

PHOTOREFRACTIVE KERATECTOMY (PRK) TREATMENT
DECENTRATION DISTANCE

(mm)

SEMIMERIDIAN (DEGREE)

PATIENT

PRK TYPE

2

Myopic

0.59

4

Myopic

0.57

234

5

Hyperopic

0.38

117

6

Myopic

0.19

32

7

Myopic

1.59

339

8

Myopic

0.49

19

9

Myopic

0.89

308

10

Hyperopic

0.40

103

11

Hyperopic

1.05

258

281

Mean decentration was 0.68 ± 0.43 mm (SD).

ant with the postoperative treatment protocol. He did not
return for follow-up after the 1-month examination until
the 12-month examination and discontinued the fluoromethalone drops 1 month after the surgery. At 24
months after treatment, the haze in this child has
decreased to 1+. The remainder of the patients had only
minimal or no haze throughout the entire follow-up
period. At the 24-month follow-up visit, the mean corneal
haze measurement was 0.25+.
The mean treatment decentration on the cornea of
the nine patients cooperative enough to undergo corneal

topography was 0.68 ± 0.43 mm (Table 8, Figure 13). The
child with the largest decentration was 7 years old at the
time of the procedure, had a preoperative spherical equivalent refractive error of –21.00, and had a visual acuity of
5/200 preoperatively and postoperatively with eccentric
fixation in this eye. The other outlier with 1.05 mm of
decentration was 8 years old at the time of the procedure
and had undergone hyperopic PRK under general anesthesia. Her postoperative uncorrected and best spectaclecorrected visual acuities in this eye at the 24-month examination were 20/60 and 20/40, respectively, compared with
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20/200 and 20/60 preoperatively.
Visual Acuity
Nine patients were able to perform quantitative acuity
tests preoperatively and postoperatively. At last follow-up
(mean, 22 months), the uncorrected visual acuity at the
24-month visit had improved by 2 or more Snellen lines
from the preoperative acuity in seven of nine eyes, with
the maximum improvement of 7 lines (Figure 14A). In
this same group, best spectacle-corrected visual acuity
improved at 24 months by 2 or more logMAR lines in six
of nine eyes and remained within 1 line of the preoperative visual acuity in two eyes (Figure 14B). Three children
who experienced an improvement in visual acuity
improved to the point that the amblyopic eye was no
longer considered legally blind.
Case-Control Refractive and Visual Acuity Comparison
Tables 9 and 10 show data comparing our PRK cases to
the control groups of compliant children (compliant
group, n = 13) and noncompliant/late diagnosis children
(noncompliant group, n = 10). The two control groups had
similar initial best spectacle-corrected visual acuity, and
all control patients had anisometropia of at least 4
diopters. The mean spherical equivalent interocular
differences in the myopic PRK and control groups were
12.1 ± 3.2 diopters and 11.1 ± 4.0 diopters, respectively
(P = .58). The mean spherical equivalent interocular
differences in the hyperopic PRK and control groups
were 4.4 ± 0.4 diopters and 5.5 ± 1.2 diopters, respectively
(P = .15).
For the myopic subgroup, comparing our PRK
patients (cases) to controls, final spherical equivalent
refractive error (P = .007) and difference between initial
and final spherical equivalent refractive error (P = .0001)
were significantly different. For the hyperopic subgroup,
comparing our PRK cases to controls, initial best spectaTABLE

9.

cle-corrected visual acuity (P = .02), final spherical equivalent refractive error (P < .0001), and final difference
between spherical equivalent refractive error (P =.001)
were significantly different. The mean posttreatment best
spectacle-corrected visual acuity of the compliant control
group (both myopes and hyperopes) was 20/40, whereas
that of the noncompliant control group was 20/270 (P =
.002). Six of nine PRK children experienced improved
best spectacle-corrected visual acuity by 2 or more
logMAR acuity lines with a maximum improvement of 7
lines. In contrast, none of the 10 noncompliant control
patients achieved ≥2 logMAR lines of acuity improvement
(P = .003) (Table 10, Figure 15).
The safety index was 1.24 (>1 means the bestcorrected visual acuity improved postoperatively and vice
versa), and the efficacy index was 1.12 (>1 means the postoperative uncorrected visual acuity was better than the
preoperative best-corrected visual acuity and vice versa).
Stereoacuity, Ocular Alignment, and Amblyopia Therapy
Compliance
Stereopsis was testable preoperatively and postoperatively
in nine orthotropic children. Four (aged 4, 4, 7, and 8
years at treatment) had no measurable stereoacuity before
or after the treatment. Five patients realized an improvement in stereopsis. These children were 4, 6, 8, 10, and 11
years old at the time of the PRK procedure. The best
response was in a 10-year old child at the time of PRK,
who improved from no measurable stereopsis to 60
seconds of arc (Figure 16).
Ocular alignment did not change postoperatively in
most subjects. One patient had a small decrease in his
esotropia. Another changed from a small esotropia to a
small exotropia (Table 7). Compliance with amblyopia
occlusion therapy did not improve postoperatively in any
patient. All continued to have poor compliance. Patching
attempts were discontinued after 6 to 9 months of effort.

SUMMARY COMPARISONS OF PRK CASE AND CONTROL BASELINE AND FINAL REFRACTIVE AND VISUAL OUTCOMES
MYOPIC GROUP

CHARACTERISTIC

Age (years)
Mean follow-up ± SD (months)

CASES

(n = 9)

4.8 ± 2.1
24 ± 10.2

CONTROLS

(n = 9)

HYPEROPIC GROUP
P VALUE

5.1 ± 1.9

.74

CASES

(n = 3)

9.7 ± 1.5

CONTROLS

(n = 15)

P VALUE

5.6 ± 2.6

.01
.22

19 ± 5.6

.09

20 ± 6.9

15 ± 11.9

Interocular SERE difference ± SD (D)

12.1 ± 3.2

11.1 ± 4.0

.58

4.4 ± 0.4

5.5 ± 1.2

Final SERE ± SD (D)

-3.3 ± 2.5

-11.3 ± 4.3

.0007

1.78 ± 1.4

6.5 ± 1.4

<.00001

-9.9 ± 2.7

+0.2 ± 0.8

<.00001

3.86 ± 1.8

0.6 ± 1.2

.001

20/400

20/350

20/40

20/200

.02

.15

Difference between initial and
final SERE ± SD (D)
Initial BCVA (Snellen)

.87

BCVA, best corrected visual acuity; D, diopters; SD, standard deviation; SERE, spherical equivalent refractive error; UCVA, uncorrected visual acuity.
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COMPARISON OF IMPROVEMENT OF VISUAL ACUITY OF PHOTOREFRACTIVE KERATECTOMY CASES
AND NONCOMPLIANT AND COMPLIANT CONTROLS

CHARACTERISTIC

CASES

CONTROLS

P VALUE

No. of patients with ≥2 lines BCVA after treatment

6 of 9

0 of 10 (noncompliant group)

.003

12 of 13 (compliant group)

.26

BCVA, best-corrected visual acuity.

DISCUSSION

The prevalence of amblyopia in the American population
is estimated to be 2% to 5%, affecting more than 14
million people.2-6 Amblyopia is the most frequent cause of
unilateral visual impairment in children and young adults
in the United States and Western Europe.7-11,142,143 It is even
more prevalent elsewhere in the world.144 If the amblyopia
is severe and bilateral, an affected person can be functionally blind from the condition. Tommila and
Tarkkanen145 reported that the risk of vision loss in the
fellow eye is markedly higher in people with amblyopia.
The incidence of loss of vision in the healthy eye of amblyopes was 1.75 per 1,000 compared to an incidence of 0.11
per 1,000 in the general population. In more than 50% of
the cases of visual loss in this study, the cause was traumatic.
Anisometropic amblyopia is the most common form
of amblyopia, and because the affected child is usually
asymptomatic, late diagnosis is common.7-9,11 Problems
with traditional treatments for anisometropia amblyopia
are frequent and include poor compliance and long-lasting psychosocial stress for families and patients that
continues even into adulthood.40,44 Treatment success for
anisometropic amblyopia is achieved in only about two
thirds of cases.10-12,18,23,27,29,55-58 Consideration of alternative
treatments less dependent on patient/family compliance,
such as refractive surgery, is a reasonable consideration.
Currently, most refractive surgeons use the following
as upper limits of treatment dose for both PRK and
LASIK: 12 diopters for myopia, 4 to 5 diopters for hyperopia, and 4 to 5 diopters for astigmatism.78 Although treating extremely high myopia (greater than 12 diopters) with
PRK and LASIK has been reported in adults, the results
have been less predictable and the risk for postoperative
corneal haze higher.137,146,147 We chose to study PRK in children rather than LASIK because refractive outcomes are
equivalent and we felt PRK had a better risk profile for
children.

Anisometropic Amblyopia Treatment Failure Risk
Factors
Several studies have reported on factors adversely affecting the outcome of treatment for anisometropic amblyopia.17,19,23,57,131,148,149 The severity of the amblyopia has been
found to be the most important factor. We explored risk
factors that we believed could potentially predict failure
of amblyopia treatment in patients with anisometropic
amblyopia with or without concurrent strabismus in an
attempt to better identify a clinical profile of children who
were most likely to fail treatment. Identification of such
children might alter the treatment approach, including
the potential future application of refractive surgery.
Although functional success (visual acuity of at least
20/40) is the more important outcome because of its
implications for driving and other activities of daily living,
we elected to use a secondary outcome measure (relative
success) of at least 3 logMAR lines of acuity improvement
as well. This was done because children with extremely
poor vision in the amblyopic eye were not excluded. A
secondary outcome measure was felt to be necessary to
detect useful response to therapy in these children
because it was unlikely that they would achieve a visual

FIGURE 13
Decentration measurements of the children treated with PRK who were
cooperative enough for corneal topography. Mean decentration was 0.68
± 0.43 mm. The one extreme outlier had a preoperative spherical equivalent refractive error of -21.00 and visual acuity of 5/200 preoperatively
and postoperatively with eccentric fixation in this eye. The other outlier
with decentration of more than 1 mm had had a hyperopic PRK.
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FIGURE 14A
Comparison of preoperative, 12-month, and 24-month postoperative
uncorrected visual acuities. Points below the line represent improved
postoperative visual acuity, and points above the line represent reduced
postoperative acuity. Seven of nine children able to perform psychophysical visual acuity testing preoperatively and postoperatively had at least 2
lines of improved uncorrected visual acuity.

FIGURE 14B
Comparison of preoperative, 12-month, and 24-month postoperative best
spectacle-corrected visual acuities. Points below the line represent
improved postoperative visual acuity, and points above the line represent
reduced postoperative acuity. Six of nine children able to perform
psychophysical visual acuity testing preoperatively and postoperatively
had at least 2 lines of improved best spectacle-corrected visual acuity.

FIGURE 16
Stereopsis improvement in the five subjects treated with PRK who
demonstrated improved postoperative stereopsis. The graph is arranged
by age with the youngest child on the bottom. The four other testable
nonstrabismic children had no stereopsis preoperatively or postoperatively. Preop, preoperative level; postop, postoperative level.

FIGURE 17
Comparison of paracentral corneal measurements from our study and
peripheral corneal thickness measurements from several other studies by
Longanesi and coworkers163 and Remon and coworkers.121 Our study
group (3 mm line) measurements fall between the 2 mm and 4 mm measurements from the Longanesi study on adult corneal thickness.
FIGURE 15
Comparison of best spectacle-corrected logMAR visual acuities in our
PRK study group (A) compared with a group of noncompliant or late
diagnosis anisometropic amblyopic children (P = .003, Fisher’s exact test)
(B) and a group of compliant anisometropic amblyopic children (P = .26)
(C). Improved visual acuity after treatment is demonstrated as a point
below the line. Note how the compliant group uniformly experienced
improved visual acuity and the noncompliant group almost uniformly
experienced no change in the visual acuity. Most children in the PRK
group experienced some improvement in visual acuity, though not as
marked as the compliant group.
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acuity of 20/40 or better.
Suboptimal compliance with treatment by parental
report at the first follow-up examination was the most
important predictive factor for both relative and functional failure in our cohort. The worse the reported treatment compliance, the higher was the risk for failure.
These results are consistent with other studies showing
that compliance with treatment was a factor predicting
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the success or failure of treatment.19,23,63,131
Older children with amblyopia generally respond less
favorably to treatment.7 There are, however, contradictory
reports in the literature regarding the role of age at treatment initiation to treatment failure. Oliver and
Nawratzki150 found that good therapeutic results were
obtained in all age groups up to age 6 years. Lithander and
Sjostrand17 also found that age was not critical for a
successful treatment up to age 7 years. The Pediatric Eye
Disease Investigator Group demonstrated a favorable
response to treatment at 4 months in children with
moderate and severe anisometropic amblyopia in children
up to 6 years of age with no substantial differences in
response from 3 to 6 years.10,11,142 In contrast, Flynn and
Cassady20 demonstrated a lower success rate and the need
for longer duration of therapy with initiation of therapy
after 5 years of age. A clear threshold age above which
treatment began to fail could not be demonstrated in this
retrospective review, though a statistically significant
increasing risk for functional failure after 6 years of age
was demonstrated.
The risk of functional failure (acuity worse than
20/40) was higher when astigmatism greater than or equal
to 1.5 diopters was present in the amblyopic eye. We also
demonstrated that the amount of astigmatism was directly
proportional to the risk of failure. Weakley21,22 showed that
1.5 diopters of cylindrical anisometropia, regardless of
whether the eyes were myopic or hyperopic, was amblyogenic and resulted in decreased binocular function.
Somer and coworkers151 concluded that against-the-rule
astigmatism had an unfavorable impact on the outcome of
amblyopia treatment. A possible explanation for this lack
of treatment response in the face of astigmatism is that
these children experience image blur at all distances,152
unlike myopic patients who can see clearly at their anterior focal point and hyperopic patients who can partially or
completely focus an image through accommodation, leading to more time without a focused image with anisoastigmatism. An alternative explanation is that cylindrical
refraction can be more difficult to accurately determine in
children, who are often uncooperative for examination,
potentially reducing the beneficial effect of spectacle
treatment.
It has been reported that initial visual acuity was
worse in amblyopic children with both strabismus and
anisometropia as compared to those with pure
anisometropic amblyopia.17,18,23,56,57 The combination of
anisometropia and strabismus has also been reported to
have a lower treatment success rate when compared with
pure anisometropia.18,29,148,153 In a large, well-controlled
prospective study, however, the Pediatric Eye Disease
Investigator Group10,11,142 did not find a difference in the
initial visual acuity or response to amblyopia treatment in

children with concurrent strabismus and anisometropic
amblyopia. We, likewise, found that concurrent strabismus was not an independent risk factor for treatment failure in anisometropic amblyopic children.
The relationship between the degree of
anisometropia and the depth of the amblyopia is controversial. Although some clinicians have reported no correlation between the degree of anisometropia and the depth
of amblyopia,154 others found that higher degrees of
anisometropia were associated with more severe amblyopia.18,155,156 Flynn,18 in his meta-analysis of 23 studies,
found that successful treatment was associated with less
than 4 diopters of anisometropia. Prior to analysis of our
data, our clinical gestalt was that we would also find a
positive association between the level of anisometropia
and the severity of amblyopia. Interestingly, this was not
the case. The number of children, however, in our cohort
with extreme anisometropia (ie, 6 diopters or more) was
small, comprising only 11% of the retrospective cohort.
Perhaps our results would have been different if this
subgroup had been larger.
Previous studies have demonstrated that poor initial
visual acuity in the amblyopic eye was more often associated with a poor outcome.18,23,57 The Pediatric Eye Disease
Investigator Group demonstrated, in three wellcontrolled studies, a good response to treatment in children with moderate or severe amblyopia up to 20/400
acuity, though visual acuity did not reach 20/40 in 22% to
25%.10,11,58 In this study, initial visual acuity of 20/200 or
worse was not a risk factor for relative failure but was a
risk factor for functional failure, the more important
outcome, because this level of acuity (20/40) is required to
procure an unrestricted driver’s license in most states in
the United States. Patients with very poor initial vision in
the amblyopic eye can experience improvement of their
vision with treatment, though they may not achieve a final
visual acuity of 20/40 or better.
We have demonstrated in this study that the major
risk factors predicting failure of traditional therapy for
anisometropic amblyopia include poor reported treatment compliance (relative failure), age of 6 years or more
at treatment initiation (relative failure), the presence of
1.5 diopters or more of astigmatism (functional failure),
and an initial visual acuity of 20/200 or worse (functional
failure). It is our belief that such patients have the greatest potential to benefit from refractive surgery.
Corneal Thickness
Knowledge about the thickness of the cornea in children
is critical for surgical planning and results of subtraction
refractive surgery, such as PRK. The thickness of the
cornea limits the degree of correction of refractive errors,
because there is a relatively fixed amount of refractive
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correction that occurs for each micron of cornea ablated.
Moreover, it is generally accepted that at least 250 mm of
posterior corneal stroma should be left intact following
subtraction refractive procedures to protect against the
occurrence of keratectasia.157
Both central and peripheral corneal thicknesses have
been well studied and reported in adults.158-162 In contrast,
very little information has been reported regarding
corneal thickness in children, especially children older
than 1 year of age. This is particularly true regarding the
paracentral cornea, an area included in the treatment
zone of most refractive surgical procedures. Such information is essential before embarking on excimer refractive procedures in children. If the pediatric corneal thickness measurement were found to be significantly different
from the corneal thickness measurement in adults, PRK
treatment nomogram modification may be necessary for
best visual and refractive outcomes.
Autzen and Bjornstrom119 found that the mean central
corneal thickness in premature infants was 654 mm,
significantly thicker than that of the adult. Other studies
on corneal thickness in the full-term newborn have likewise reported that the central cornea was thicker than that
of the adult, averaging between 573 mm and 583
mm.118,120,124 Ehlers and coworkers123 published the only
study that evaluated the central corneal thickness in the
age range between birth and 14 years, even though only
60% of the 61 subjects were older than 1 year of age. They
also used optical pachymetry, a technology that is less
accurate than modern ultrasound pachymetry. The mean
thickness of the central cornea from Ehlers’ study was 541
mm for infants and toddlers between 0 and 2 years of age
and 520 mm for children in all three groups, 2 to 4 years,
5 to 9 years, and 10 to 14 years of age. Ehlers and coworkers believed that adult corneal thickness was attained by
about 3 years of age. Although the report of Ehlers and
coworkers gives some good information, more accurate
data using modern ultrasound pachymetry on more children between the ages of 2 and 10 years are desirable.
The mean pediatric central and paracentral corneal
thicknesses in our pediatric cohort measured with ultrasonic pachymetry were 544 mm and 571 mm, respectively.
This central corneal thickness result was not different from
the mean adult central corneal thickness.158-161
Furthermore, the trend of a thicker cornea paracentrally in
our cohort was similar to that reported in adults.122,158,163,164
The thickness of the paracentral cornea 3 mm from the
center in our children fell midway between the mean
thicknesses of the paracentral cornea in adults as measured
at 2 mm and 4 mm from the center163 (Figure 17).
Combining our data with the previously published
information from premature babies and full-term infants,
it appears that the central cornea is thicker at birth.118-
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From the data from our cohort and Ehler and
coworkers,123 it then rapidly decreases during the first few
months of life followed by a slow increase over the next 9
years. The rapid decrease in the thickness of the cornea
occurring in the first few months of life may be explained
by regulatory mechanisms that control hydration, evaporation, and transparency.118,123,165
Contrary to what was reported by Ehlers and coworkers,123 who found no difference in the thickness of the
cornea in different age groups of children older than 2
years, our results showed a slight increase in the thickness
of the cornea with age during the first 9 years. This might
be explained by the slight increase in the thickness of
Descemet’s membrane with age.166
The central corneal thickness in the adult African
American population has been reported to be thinner
than that in the Caucasian population.122 The average
thickness of the cornea in our African American subgroup
was slightly thinner than in our Hispanic and Caucasian
subgroups; however, the number of African American
children in our study was too small to yield reliable statistical results.
In summary, pediatric central and paracentral corneal
thicknesses in the 2- to 14-year-old age groups were
consistent with those of the adult. This information is
important when planning pediatric subtraction refractive
surgery such as PRK. Based on these findings, special
surgical considerations regarding corneal thickness are
probably not warranted for PRK in children 2 years and
older.
120,123,124

General Anesthesia Protocol
Photorefractive keratectomy in adults is performed under
topical anesthesia in an office setting. Use of topical or
local anesthesia with facial block has been reported in
children.106 Children younger than 10 years of age,
however, typically cannot be treated with either of these
approaches because of inability to adequately cooperate.
Unfortunately, waiting until children are old enough to
cooperate for the PRK under topical anesthesia is less
likely to produce favorable visual outcomes because the
sensitive period of visual development will have passed.
Therefore, a protocol for general anesthesia was developed to enable PRK treatment of younger children.
This protocol included induction of general anesthesia in an induction room, using the laryngeal mask airway
with transfer of the child to the operating room, where
nitrous oxide was then administered through a semiclosed
circuit. This was done to minimize the risk of leakage of
volatile gases into the operating room. The 193-nm wavelength of the argon fluoride excimer laser lies within the
absorption spectrum of many anesthetic gases, including
nitrous oxide. If a volatile gas escapes, attenuation of the
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laser beam may occur and the laser will increase voltage in
an effort to maintain fluence until the laser malfunctions
and an error message appears.125 Using my protocol, no
laser malfunctions occurred, implying no or insignificant
levels of leakage of nitrous oxide, the only volatile gas used
during the PRK procedure.
Other reported protocols to anesthetize children for
refractive surgery have included sedation with induction
using nitrous oxide and halothane without intubation,102
sevoflurane 50% inhalation with a laryngeal mask,86 and
sedation using intravenous ketamine.107 Cook and coworkers125 reported laser shutdown during anesthesia induction
using nitrous oxide. They, however, performed anesthesia
induction in the same room as the laser procedure, which
predisposed to leakage of the nitrous oxide and/or
halothane into the operating room. This probable leakage
of nitrous oxide most likely caused secondary attenuation
of the laser beam and an increase in laser voltage until the
laser malfunctioned. An important potential problem with
the use of ketamine is its tendency to induce nystagmus,
which could render treatment difficult and inaccurate.167,168
Because of the inability of anesthetized children to
maintain gaze on a fixation target, another issue of
concern with use of general anesthesia was the possibility
of a decentered ablation. Mild decentration has not been
shown to be a significant problem in any published
study.141 It is generally assumed that decentration of
greater than 1 mm is needed in order to cause clinically
significant adverse visual effects.169 In one pediatric PRK
study, one child among the six operated on under general
anesthesia had decentration of more than 0.5 mm.102
These results are comparable with optical zone centration
analysis following PRK in adults with a mean decentration
of 0.5 mm.170 Deitz and coworkers171 reported that 9% of
his adult PRK patients had decentration of 1 mm or more
from the pupillary center. Importantly, they noted that
this amount of decentration did not adversely affect bestcorrected visual acuity or contrast sensitivity. In our series,
using manual centration and two observers to monitor eye
position, the mean decentration (0.68 mm) was slightly
higher than that reported for adults but was still within an
acceptable range in seven of nine children able to be
tested. The cause of the decentration in my group could
certainly have been intraoperative difficulty in detecting
tilt of the iris plane; however, it is also possible that some
of the error was artifactual because of suboptimal fixation
of the children during the topographic measurement,
especially in those with significant residual postoperative
amblyopia. Furthermore, it is noteworthy that the child
with the decentration of 1.05 mm experienced a large
improvement in uncorrected and best spectacle-corrected
visual acuity postoperatively, with the uncorrected visual

acuity improving from 20/200 to 20/60 and the best spectacle-corrected visual acuity improving from 20/60 to
20/40.
Photorefractive Keratectomy: Safety and Efficacy
Both PRK and LASIK have been performed in a small
number of children.86,100-103,105-109,132,139 Previous studies have
reported good short- and moderate-term refractive and
vision results. Most were conducted outside of the United
States and have predominantly included children aged 7
years and older.86,100,102,103,105-108 By the time a child is 7 years
of age, amblyopia is less likely to respond to therapy
because the period of visual cortical plasticity (ie, the
sensitive period) has passed. Almost all reports in the literature on refractive surgery in children have reported only
on myopic PRK in children; only three children treated
with hyperopia PRK have been reported.106 None of the
previous studies of refractive surgery in children have
compared their results with those in a control group.
Ideally, amblyopia should be treated as early in life as
possible. If refractive surgery is to play an active role in
the treatment of anisometropic amblyopia, it is likely that
it, too, will need to be applied early in life, during the
sensitive period of visual development. Very little was
known about the pediatric response to refractive surgery,
namely, the corneal healing rate, postoperative discomfort, refractive response, long-term corneal status, visual
acuity, and stereopsis.
We have now followed 11 children, aged 2 to 11 years,
for 2 years who were treated with PRK for anisometropic
amblyopia, of which six (55%) were less than 6 years of
age at treatment. These are some of the youngest children
reported to date to have undergone an excimer laser
refractive procedure. We have also compared these PRK
patients’ visual gains to a control group. I chose to include
only children with extreme amounts of anisometropia (≥6
diopters of myopia or ≥4 diopters of hyperopia) who were
noncompliant with traditional therapy in order to be as
conservative as possible while exploring the potential
benefits or complications of PRK in children. In fact, our
study group had a mean spherical equivalent interocular
difference of 9.90 diopters, well above the entry criteria
minimum. We believe, from our own clinical experience
and from my noncompliant control group data, that our
study group children were likely to have had worse visual
outcomes if they had not undergone the PRK.
Corneal epithelial wound healing following PRK in
adults treated for myopia has been shown to take approximately 3 to 5 days.126,172 Postoperative epithelial healing is
affected by several parameters, with a major factor being
the size of the initial epithelial defect. It is generally
thought that the corneal epithelium in younger individuals heals faster than in older patients following injury.172
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This proved to be the case in our surgically induced
epithelial defects for myopia; all but one healed within 3
days. The one who did not heal within 3 days had
sustained a postoperative traumatic enlargement of the
epithelial defect after being hit in the eye with a ball on
the second postoperative day. This postoperative event
further supports our decision to study PRK in children
because of concerns for postoperative flap disruption
from trauma or eye rubbing that could occur with LASIK.
The epithelial defect that is created from hyperopic PRK
is larger than that created to treat myopia, and healing
time is prolonged in adults.173 This was true in our hyperopic study patients as well, with a mean healing time of 4.5
days in the hyperopic group versus 2.8 days for the myopic
group.
It has been demonstrated that after PRK, the status
of the corneal epithelium can influence collagen synthesis.174 An unhealthy epithelium may result in anterior stromal haze and regression of the refractive correction. The
rapid and smooth healing of the corneal epithelium after
PRK that occurred in our study patients may imply the
presence of healthy epithelium, which may in turn have
translated to the minimal corneal haze most of these
treated children experienced.
Conflicting reports exist regarding the effect of bandage contact lenses on the rate of epithelial healing after
PRK.172,175,176 The disposable soft contact lens used in our
study children may have decreased postoperative discomfort and possibly sped up healing. This, however, may not
necessarily be true, because two study children lost their
contact lenses at 1 and 2 days after PRK and did not
appear to experience increased discomfort. Because they
were comfortable, the contact lens was not replaced, and
the corneal epithelium healed at the same rate as in those
children who retained their contact lenses. Insertion of
collagen punctal plugs in the upper and lower puncta of
the treated eye may also have contributed to rapid epithelial healing by keeping the corneal surface well hydrated
during the early healing period. This may have also aided
in reducing the postoperative discomfort.
The refractive goal in our study was to reduce the
amount of anisometropia to less than or equal to 3
diopters. The aniseikonia would then be reduced to the
point where fusion was possible and amblyopia potentially
more amenable to therapy.177 The full amount of myopia in
the patients with more than –11.50 diopters of spherical
equivalent myopia was not treated because PRK for these
higher levels of myopia has been associated with severe
corneal haze,134-137 an undesirable situation in an adult and
an even more undesirable situation in a child whose visual
system is immature. Six of eight myopes and all hyperopes
had their anisometropia reduced to 3 diopters or less.
Interestingly, two patients with extremely high levels of
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myopia (spherical equivalent of –21.00 diopters and
–13.75 diopters) had larger-than-expected responses to
their PRK treatment dose of 11.50 diopters, reducing
their final refractive errors at 12 months to –4.75 diopters
and –0.50 diopters, respectively. Both results were within
3 diopters of the fellow eye. The basis for this overresponse is not known. Williams178 reported a similar result
in adults with refractive errors over –10.00 diopters. Astle
and coworkers101 also noted this same response in their
series of myopic children treated with PRK. Reduced
scleral rigidity and/or a difference in corneal remodeling
in the highly myopic eye may play a role in children and
adults with extremely high levels of myopia treated with
PRK.
In the myopic subgroup, four of eight had refractions
within 1 diopter of the refractive target and five of eight
within 2 diopters at the 12-month postoperative visit. At
the 24-month follow-up visit (mean, 22 months), three of
eight were within 1 diopter of the target and six of eight
were within 2 diopters. The mean preoperative refractive
error of –13.70 diopters was reduced to a 24-month mean
postoperative refractive error of –3.30 diopters. These
results are in agreement with those found in previous
studies of PRK in myopic children,100,102,108 though our
patients were generally younger. These results are also
similar to results reported from adults with similar levels
of extremely high myopia treated with PRK.137,179-181 In our
hyperopic group, two of the three patients were within 1
diopter of the refractive target and all were within 2
diopters at the 12-month postoperative visit. At the 24month follow-up visit, only two returned for follow-up.
One was within 1 diopter and the other was within 2
diopters of target. There are not enough hyperopic children in this study to make any conclusions, but these
results are similar to those of the only study that included
pediatric hyperopic PRK.106
The myopic group had moderate refractive regression
over the first 12 months following PRK with a mean
spherical equivalent regression of 2.50 diopters, though
there was wide variation (Figure 12). This early regression
was likely due to corneal healing and is similar to refractive regression reported in extremely high myopic adult
patients treated with PRK. Regression thereafter in our
myopic subgroup appeared to have stabilized with minimal further change. The small change in refractive error
after 12 months was probably due to continued eye
growth in this pediatric population.182-184 The myopic
regression in adults treated with PRK appears to be associated with increased corneal haze and fibrosis. Significant
corneal haze was not an issue in our compliant PRK children, so the mechanism for regression in children may be
different. Other studies in children treated with PRK for
myopia have demonstrated a myopic shift (ie, regression)
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ranging from 0.8 diopters to 1.7 diopters over a 12-month
follow-up period, though the levels of treated myopia
tended to be lower overall than in the current study.100-103,108
The hyperopic group showed mild refractive regression over the initial 12-month follow-up interval, with a
mean spherical equivalent regression of 1.10 diopters.
This amount of regression is similar to that found in adult
hyperopic PRK for similar levels of preoperative hyperopia.73,185-187 At the 24-month follow-up, one was stable and
the other had experienced further regression. There are
too few hyperopic subjects to draw any further conclusions.
Corneal haze in our cohort during the early preoperative period was minimal and not visually important, even
in the one child who was noncompliant with the postoperative topical steroid regimen. The haze was at its maximum at the 1-month follow-up visit and was never worse
than mild in the group who followed postoperative treatment recommendations. The corneal haze never
impacted the retinoscopic reflex during retinoscopy and
thus was not felt to be visually important in any patient.
Four (36%) of the study patients had a minimal non–visually significant degree of residual corneal haze, and one
child had mild to moderate corneal haze 1 year after
surgery. All but one of these children were high myopes.
All children had no or minimal haze at the 24-month visit.
Higher degrees of corneal haze have been reported in
adults with extremely high myopia following PRK.134-137,182
Alio and coworkers102 reported that corneal haze was the
main optical complication following pediatric PRK, but
noted that it decreased by 1 year. In the only study that
included hyperopic PRK in children, corneal haze was not
mentioned.106 The low incidence of corneal haze in our
study group may have been due to the longer use of topical corticosteroids, good hydration during the early postoperative period, or improvements in excimer laser technology. The VISX Star S2 laser, a third-generation excimer
laser, was used in this study. Older studies of pediatric
refractive surgery used first-generation broad-beam
excimer lasers.102,106
Most children treated with PRK in our study enjoyed
mild to moderate improvement in uncorrected and best
spectacle-corrected visual acuity at 12 months and 24
months after PRK, despite many having severe amblyopia
at presentation. When compared with the noncompliant
control group, my PRK group experienced a statistically
significant improvement in best-corrected visual acuity.
This is the first study of refractive surgery in children that
has compared visual outcomes to a control group of
comparable children. Efficacy has been demonstrated
even in the face of severe preexisting amblyopia in many
of the study children. We feel that if refractive surgery
were performed at an earlier age, before severe amblyopia

has been established, long-term visual outcomes might
improve more than was seen in this study group. As an
example, the youngest child in this study, who preoperatively at age 2 years could be assessed only by comparing
fixation behavior, had a best-corrected visual acuity of
20/50 at the 12-month and the 24-month visits, despite his
continued postoperative lack of compliance with spectacle
use and amblyopia therapy. Compared with our noncompliant control group, his vision was markedly better than
what we might have anticipated otherwise (Table 10). For
example, there were two noncompliant control patients
with spherical equivalent refractive errors on either side
of his spherical equivalent refractive error of –13.75
diopters. One, with a spherical equivalent refractive error
of –10.50 diopters, had no visual acuity improvement with
a pretreatment and posttreatment visual acuity of 20/200.
The other child, with a spherical equivalent refractive
error of –17.00 diopters, also had no change in visual
acuity with a pretreatment and posttreatment visual acuity
of 20/300.
Prior to commencing this study, we were concerned
first about the safety and second about efficacy of PRK in
children with anisometropic amblyopia. The safety index
(1.24) found in our study demonstrated that PRK in
noncompliant children with anisometropic amblyopia
appears to be safe through 24 months follow-up, though
this safety index only evaluates visual acuity as an indicator for safety. The efficacy index (1.12) in our study
showed some efficacy, even in this group of children with
marked anisometropia and profound amblyopia who had
already failed traditional amblyopia therapy. We postulate
that performing PRK on younger children identified as
having a high risk for amblyopia treatment failure would
be significantly more efficacious. Stereoacuity improved
in five of nine testable children. This was an encouraging
but unexpected finding, since most of our patients were
well beyond 2 years of age, the age at which most ophthalmologists feel stereopsis development is largely complete.
Longer-term follow-up is planned to evaluate for any late
complications.
This study, although important, has some limitations.
First and foremost, our case-comparison study is limited
by a small sample size. However, this small sample size
was intentional. Because refractive surgery in children is a
new area for research, with little previously published
information, we elected to treat only a small group of
noncompliant children with severe anisometropia and
follow them for a significant period of time to detect any
adverse long-term complications, before subjecting other
children to this procedure. Because of small sample size
in some of the parts of this study, categorical variables
were sometimes used for the analysis. Next, when
performing the statistical analysis, we assumed that the
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control groups were representative of severe
anisometropic amblyopes in the population at large.
Selection bias is a potential weakness of all studies;
however, we controlled for this bias as much as possible by
including all patients that met the inclusion criteria in our
practice and the amblyopia database.
At 24 months post-PRK for anisometropic amblyopia
in children, the refractive error response appears to be
similar to that of adults with comparable refractive errors.
More experience is needed with larger numbers of children with extremely high myopia in order to adequately
address the possible need to modify treatment nomograms for this subgroup of patients. Postoperative corneal
haze was minimal. Improvements in uncorrected and best
spectacle-corrected visual acuities and stereopsis were
seen in most children. Photorefractive keratectomy,
indeed, appears to have potential as a treatment option for
anisometropic amblyopia in children noncompliant with
traditional therapy.
SUMMARY

We set out to systematically investigate and demonstrate the
potential use of PRK for children with anisometropic amblyopia who were noncompliant with conventional therapy. The
predictive risk factors for failure of traditional amblyopia
therapy were determined and included (1) suboptimal
compliance, (2) age 6 years or older, (3) astigmatism of 1.5
diopters or more, and (4) initial visual acuity of 20/200 or
worse. We investigated corneal thickness and found that children between the ages of 2 and 14 years have corneal thickness parameters similar to those of adults, suggesting that
PRK treatment nomograms probably do not require adjustment for children or adolescents. A protocol to perform PRK
under general anesthesia was designed and successfully
implemented, with no intraoperative or postoperative
complications or laser malfunctions. Finally, we demonstrated that PRK for anisometropic amblyopia in children
was safe, well tolerated, and associated with no significant
complications through 2 years of follow-up. Photorefractive
keratectomy resulted in statistically significant improvement
of uncorrected and best spectacle-corrected visual acuity
when compared to a noncompliant control group. Lastly,
stereopsis improved in a majority of patients, and this
improvement did not seem limited by age. Treating children
with anisometropic amblyopia well within the sensitive
period of visual development, soon after identification of failure risk factors, appears to be a reasonable consideration and
may result in better long-term visual outcomes.
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