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ABSTRACT

PURPOSE: To evaluate the visual outcomes of laser vision
correction in adults with myopic and hyperopic amblyopia.

METHODS: The medical records of patients diagnosed as
having amblyopia who underwent laser refractive surgery be-
tween February 2013 and October 2017 were retrospectively
reviewed. Eyes with amblyopia were analyzed, and the non-
amblyopic fellow eyes of the patients who underwent laser
vision correction were used as controls. The uncorrected
distance visual acuity (UDVA), subjective manifest refraction,
and corrected distance visual acuity (CDVA) were analyzed at
the 3-month postoperative time point.

RESULTS: This study included 323 eyes of 164 patients. All
patients underwent laser in situ keratomileusis (90.1%, 291
eyes) or photorefractive keratectomy (9.9%, 32 eyes). Three

mblyopia is a significant cause of unilateral
Avisual impairment, in some areas accounting

for 33% of all unilateral visual impairment
in adult patients.’ Traditional treatments for amblyo-
pia include correcting the refractive error in children
with spectacles or contact lenses and occlusion of the
dominant eye. These treatments are based on “forc-
ing the brain to use the amblyopic eye” by depriving
the non-amblyopic eye through occlusion treatment,

months postoperatively, the manifest spherical equivalent
was -0.07 + 0.55 diopters (D) (range: -1.75 to +1.30 D) and
-0.10 £ 0.54 D (range: -2.13 to +1.30 D) in the amblyopia group
and fellow eye group, respectively. The percentage of eyes
achieving UDVA of 20/20 or better was 16.9% (15 eyes) in the
amblyopia group and 61.9% (52 eyes) in the fellow eye group.
The percentage of eyes that gained two or more lines of CDVA
was 27.9% (24 eyes) in the amblyopia group and 6.2% (5 eyes)
in the fellow eye group (P < .01). In the amblyopia group, there
was no statistically significant difference in the mean mani-
fest spherical equivalent between the myopic eyes and hyper-
opic eyes at any follow-up visit (P = .87, 1 month postopera-
tively; P = .68, 3 months postoperatively).

CONCLUSIONS: Laser vision correction was found to be ef-
fective and safe in adult patients with amblyopia.

[J Refract Surg. 2020;36(8):511-519.]

chemical penalization (eg, administration of atropine
to temporarily disrupt accommodation), or correction
of significant refractive error with spectacle wear.?
Although the critical visual developmental period
is thought to happen in early childhood, amblyopic
treatments have been shown to be effective past this
time point.*® Studies by the Pediatric Eye Disease In-
vestigator Group (PEDIG) show that, in certain cases,
amblyopia can be treated up to the age of 14 years.”
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Moreover, a few studies report a significant improve-
ment in visual acuity after corneal refractive sur-
gery*%® or angle-supported phakic intraocular lens
and Implantable Collamer Lens (Visian) placement in
adult patients with refractive amblyopia.®*" Several
studies have reported on the effectiveness, safety, and
predictability of laser vision correction in adults with
amblyopia.*®'> However, these studies are limited in
number or did not include a control group.

The aim of the current study was to evaluate the
visual and refractive outcomes, stability, and accuracy
of refractive correction in a large cohort of adults with
amblyopia, including myopia and hyperopia. Visual
outcomes of non-amblyopic eyes were also analyzed
as a control group.

PATIENTS AND METHODS
PATIENTS

This retrospective comparative study evaluated am-
blyopic patients who received laser in situ keratomi-
leusis (LASIK) or photorefractive keratectomy (PRK) at
Optical Express surgical centers in the United Kingdom
between February 2013 and October 2017. This study
was deemed exempt from review by the Committee on
Human Research of the University of California, San
Francisco, because it involved only de-identified data.
This study was compliant with the Health Insurance
Portability and Accountability Act of 1996 and adhered
to the tenets of the Declaration of Helsinki.

The database of Optical Express (Glasgow, United
Kingdom) was searched to identify patients with a his-
tory of amblyopia who had undergone LASIK or PRK
between February 2013 and October 2017. Patients
were included if they had a preoperative corrected dis-
tance visual acuity (CDVA) of 20/30 or worse in the
amblyopic eye and documentation of being diagnosed
as having amblyopia in childhood. Optical Express
clinical guidelines do not allow patients with a CDVA
of worse than 20/80 in the amblyopic eye to undergo
surgery; thus, all amblyopic eyes had a CDVA ranging
from 20/30 to 20/80. Additionally, patients had to have
a CDVA in the non-amblyopic eye of 20/25 or better
to undergo surgery. Patients with less than 1 month of
follow-up were excluded. All patients undergoing sur-
gery had to meet the general inclusion criteria for ex-
cimer laser surgery, such as normal topography, a cal-
culated postoperative corneal stromal bed thickness of
greater than 250 mm (LASIK patients) or greater than
350 mm (PRK patients) in each eye, and age older than
18 years. Exclusion criteria included previous refrac-
tive or intraocular surgery, suspected keratoconus, ab-
normal corneal topography, severe dry eye disease, or
other coexisting ocular disease.
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All LASIK and PRK procedures were performed
by experienced surgeons using standard techniques
as described previously.’® For LASIK procedures,
the Intralase iFS femtosecond laser (Abbott Medi-
cal Optics, Inc) with a flap thickness of 100 to 120
mm was used for laser-cut flaps and the Moria M2
mechanical microkeratome (Moria) was used for
mechanical flaps, with an estimated flap thickness
of 130 mm. For PRK procedures, the epithelium
was removed using an alcohol solution. The Visx
Star S4 excimer laser (Abbott Medical Optics, Inc)
was used for all ablations. For LASIK patients, a
third-generation fluoroquinolone and 1% predniso-
lone acetate were used each four times per day for
1 week, and the patients also were instructed to use
an artificial tear solution four times per day for 1
month. The PRK patients received a third- or fourth-
generation fluoroquinolone four times per day for 1
week (or until the epithelial defect was healed), as
well as fluorometholone 0.1% four times per day for
the first week followed by a weekly taper over the
course of the next 3 weeks. Patients also received
tetracaine 1% eye drops and were instructed to use
them sparingly as needed for pain during the first 3
postoperative days and artificial tears four times per
day for 1 week.

All patients had a formal informed consent pro-
cess for their surgical procedure before surgery. As
part of their consent process, all patients involved in
the study agreed that their de-identified data could be
used in statistical analysis and research.

DATA COLLECTION

Patient demographic information (age and gender)
was obtained retrospectively from the electronic med-
ical record. The preoperative ophthalmic examination
included manifest and cycloplegic refraction, which
was performed by experienced optometrists using a
resolution-based technique in which the endpoint is
the least amount of minus sphere that results in the
best visual acuity. Monocular and binocular CDVA
using Snellen visual acuity chart, slit-lamp biomi-
croscopy, dilated fundus evaluation, autorefraction
and tonometry (Tonoref II; Nidek Co Ltd), corneal to-
pography (Pentacam; Oculus Optikgerdte GmbH), ul-
trasound pachymetry (Pachymate; DGH Technology
Inc), and wavefront aberration measurement (iDesign;
Johnson & Johnson Vision Care, Inc) were performed.
Manifest and cycloplegic refraction and CDVA were
obtained preoperatively and at 1 and 3 months postop-
eratively. Uncorrected distance visual acuity (UDVA)
was available at the 1- and 3-month postoperative time
points.
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TABLE 1
Preoperative Patient Characteristics
Variable Amblyopic Eye Fellow Eye P
No. of eyes 169 154
Age [years)
Mean + SD 36.2+10.8 358+ 11.0 77
Range 18 to 58 18 to 58
Refraction, n (%)
Myopia 130 (76.9%) 125 (81.2%) 41
Hyperopia 39 (23.1%) 29 (18.8%)
Sphere (D)
Mean + SD -1.72 £ 3.61 -1.56 + 2.87 .66
Range -9.25 to 4.50 -9.50 to 4.25
Cylinder (D)
Mean + SD -2.07 +1.55 -1.49 £ 1.16 <.01
Range -6.00 to 0.00 -6.00 to 0.00
Spherical equivalent (D)
Mean + SD -2.76 + 3.67 -2.31+2.88 .21
Range -11.00 to +4.13 -11.00 to +4.13
CDVA, logMAR (Snellen)
Mean + SD 0.24 + 0.05 (20/40) -0.03 £ 0.07 (20/20) <.01
Range 0.20 (20/32) to 0.60 (20/80) -0.20 (20/12.5) to 0.10 (20/25)
SD = standard deviation; D = diopters; CDVA = corrected distance visual acuity

STATISTICAL ANALYSIS

Visual acuity was converted into logMAR units for
statistical analysis and Snellen equivalent is also pro-
vided. The Kolmogorov-Smirnov test was used to deter-
mine whether the continuous variables were normally
distributed. Continuous variables were described as the
mean * standard deviation, and the categorical vari-
ables were described as proportions. The paired ¢ test
or Wilcoxon ranked-sum test (depending on normality
assumption) was used for comparisons between contin-
uous variables of preoperative and postoperative visits.
The unpaired t test or Mann-Whitney U test was used to
compare continuous variables of independent groups
(amblyopic eyes and fellow eyes) and subgroups (my-
opic eyes and hyperopic eyes). The chi-square test or
Fisher exact test was used to compare proportions. All
data were entered into Microsoft Office Excel software
(version 16.24; Microsoft Corporation) and analyzed
using the SPSS statistics software package (version 25
for Mac; IBM Corporation). A P value of less than .05
was considered statistically significant.

RESULTS
A total of 164 patients (323 eyes) met the inclusion
criteria. Of these, 94 (57.3%) were male and 70 (42.7%)
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were female. All patients underwent LASIK (90.1%,
291 eyes) or PRK (9.9%, 32 eyes). The eyes were di-
vided into an amblyopic eyes group (169 eyes) and a
fellow eyes group (154 eyes) for analysis. Ten patients
did not undergo surgery on their non-amblyopic eye.
All patients attended follow-up for at least 1 month or
longer. Table 1 shows the demographic characteristics
and preoperative data.

The 3-month follow-up rate was 50.8% (86 of
169). Three months postoperatively, 61 (70.9%)
amblyopic eyes and 66 (80.5%) fellow eyes had
manifest spherical equivalent within +0.50 diop-
ters (D) of plano (P = .61, Fisher exact test) and 80
(93.0%) amblyopic eyes and 76 (92.7%) fellow eyes
had manifest spherical equivalent within +1.00 D
(P = .95, Fisher exact test) (Figures 1-2). There was
no statistically significant difference in manifest
spherical equivalent between the two groups pre-
operatively (P = .21, independent ¢ test). Similarly,
no statistically significant difference was found in
the mean manifest spherical equivalent between the
two groups at any follow-up visit (P = .53, 1 month
postoperatively; P = .73, 3 months postoperative-
ly, independent ¢ test). The reduction of refractive
sphere, cylinder, and manifest spherical equivalent
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Figure 1. Visual outcomes reported in Standard Graphs of Refractive Surgery for the amblyopic eyes. UDVA = uncorrected distance visual acuity;

CDVA = corrected distance visual acuity; D = diopters

was statistically significant in both groups (Table A,
available in the online version of this article).

The percentage of eyes achieving UDVA of 20/20
or better was 16.9% (15 eyes) in amblyopic eyes and
61.9% (52 eyes) in fellow eyes (P < .01, Pearson chi-
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square test). The mean 3-month postoperative UDVA
was 0.19 = 0.16 logMAR (20/32 Snellen) for amblyopic
eyes and 0.02 + 0.15 logMAR (20/25 Snellen) for fel-
low eyes (P < .01, independent f test) (Figures 1-2).
The mean 3-month postoperative CDVA was 0.13 +
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Figure 2. Visual outcomes reported in Standard Graphs of Refractive Surgery for the fellow eyes. UDVA = uncorrected distance visual acuity; CDVA

= corrected distance visual acuity; D = diopters

0.13 logMAR (20/30 Snellen) for amblyopic eyes and
-0.04 + 0.07 logMAR (20/20 Snellen) for fellow eyes
(P < .01, independent ¢t test). The mean 3-month post-
operative CDVA increased significantly for amblyopic
eyes (P < .01, paired t test); however, there was no sta-
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tistically significant increase found for fellow eyes (P
=.11, paired ¢ test) (Table A).

Three months postoperatively, 1 eye (1.2%) in the
amblyopic group and no eye in the fellow eye group lost
two or more lines of CDVA (Figures 1-2). The CDVA of
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the eye that lost two lines at 3 months postoperatively
returned to the preoperative level at the final visit (6
months postoperatively). Three months postoperatively,
27.9% (24 eyes) of amblyopic eyes gained two or more
lines of CDVA, which is significantly higher than 6.2% (5
eyes) of all fellow eyes (P < .01, Pearson chi-square test).
There were no intraoperative or postoperative complica-
tions, and no eyes lost CDVA at the last follow-up visit.

In Table B (available in the online version of this
article), refractive and visual outcomes are subdivided
by the manifest spherical equivalent preoperatively in
amblyopic eyes. Improvement in refraction and CDVA
was statistically significant in each subcategory. Figure
A (available in the online version of this article) dis-
plays changes in manifest spherical equivalent in the
subgroups over time. There was no statistically signifi-
cant difference in the mean manifest spherical equiva-
lent between the subgroups at any follow-up visit (P =
.87, 1 month postoperatively; P = .68, 3 months postop-
eratively; independent ¢ test).

DISCUSSION

Excimer laser surgery has become a common treat-
ment for correction of a wide range of refractive errors.
Many authors have reported the efficacy of refractive
surgery for amblyopic eyes in pediatric age groups.'**?
Although a few retrospective studies have shown
improvement in adult amblyopic eyes after refrac-
tive surgery, most of these were performed on a small
number of patients.®%121617 To our knowledge, there
are only three studies®'#'” presenting the outcomes in
a large number of adult amblyopic patients; however,
two of them®'” only contain myopia or high myopic
astigmatism in amblyopic eyes.

In this study, we retrospectively analyzed the out-
comes after laser vision correction in 164 patients with
amblyopia, including myopia and hyperopia. We found
a significant increase of CDVA in 60.5% of amblyopic
eyes at 3 months after refractive surgery. The mean
CDVA improved from 0.24 + 0.05 logMAR (20/40 Snel-
len) preoperatively to 0.13 = 0.13 logMAR (20/30 Snel-
len) postoperatively. In our study, the mean spherical
equivalent decreased from -2.76 + 3.67 D preoperatively
to -0.07 + 0.55 D at 3 months postoperatively. Although
the preoperative refractive errors of patients were hetero-
geneous, the postoperative refractive status was close to
emmetropia, indicating that outcomes with modern laser
vision correction in amblyopic eyes are similar to out-
comes in non-amblyopic eyes.'® This finding is also in
agreement with previously reported results after refrac-
tive surgery in adult amblyopic eyes.?#119

Orugoglu-Orucov et al® reported a retrospective
review of 30 patients (60 eyes) with unilateral am-
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blyopia who underwent LASIK, with improvement
in CDVA compared with preoperative CDVA at 11.3
months postoperatively. Similar findings were re-
ported by Sorkin et al,’* who noted an improvement
of mean CDVA in 327 adult amblyopic eyes from 0.27
+ 0.05 logMAR preoperatively to 0.18 + 0.10 logMAR
at 128 days after PRK or LASIK. Meanwhile, the mean
spherical equivalent decreased from -5.50 = 4.24 D
preoperatively to -0.21 + 0.83 D postoperatively.

Comparing the postoperative visual acuity with other
studies is difficult because of variations in the range of
preoperative visual acuity and refractive error. However,
the percentage of eyes that gained two or more lines in
postoperative CDVA is comparable to those in the current
study. In our study, 3 months postoperatively, 27.9% (24
eyes) of all amblyopic eyes gained two or more lines of
CDVA, which is significantly higher than 6.2% (5 eyes)
in all fellow eyes. This finding is in agreement with pre-
viously reported results after refractive surgery in adult
amblyopic eyes. Table C (available in the online version
of this article) provides a literature summary of visual
outcomes and follow-up time in adults with amblyopia
after laser vision correction.

For example, Sorkin et al'* found 75 eyes (22.9%)
gained two Snellen lines and 32 eyes (9.8%) gained
three or more Snellen lines. Gonzalez-Lopez et al® re-
ported a series of 1,310 eyes that had LASIK with a mean
follow-up of 121.8 + 52.8 days. In that study, 9.62% of
eyes gained two Snellen lines and 3.21% of eyes gained
three or more Snellen lines. In a study by Cagil et al* of
50 patients with anisometropic amblyopia, 22% gained
two lines and 26% gained three or more lines. Agca et
al® found 25% (14 eyes) of 57 amblyopic eyes experi-
enced two or more lines of CDVA improvement at 6
months postoperatively. Arruabarrena et al'” reported
20% of 35 eyes with a preoperative CDVA of 20/33 or
worse had an increase of two or more lines in CDVA at
3 months after LASIK. Roszkowska et al?® reported a
case series of 68 amblyopic eyes that underwent PRK
and found 14 eyes (20.6%) gained two lines and 8 eyes
(11.8%) gained three lines of CDVA at 1 year postop-
eratively. Dedhia and Behl' performed LASIK on 21
eyes of 21 patients with amblyopia and found CDVA
improved by two or more lines in 52.4% of eyes at 3
months postoperatively.

There is large variability in the percentage of eyes
that gained lines postoperatively among those studies
due to variations in the criteria for the definition of
amblyopia. Nevertheless, in all studies, an improve-
ment in CDVA after refractive surgery was observed in
a large portion of amblyopic eyes. This might be due to
a ceiling effect for amblyopic eyes, in that those eyes
with worse baseline CDVA may have more room to
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improve and thus treatment in these eyes would have
a greater effect. Conversely, fellow eyes with better
initial CDVA may have less room for improvement.

Hyperopic laser techniques ablate a paracentral
circular area of tissue to steepen the central cornea.?!
Thus, it is not uncommon to clinically observe visu-
al and refractive outcomes of refractive surgery that
are less predictable in hyperopic eyes than in myo-
pic eyes,?*?3 and there is a greater tendency toward
regression and a heightened risk of losing UDVA with
hyperopic eyes.?*25

However, when we classified the amblyopic eyes
by preoperative hyperopia versus myopia, we found
no statistically significant difference in CDVA and the
mean manifest spherical equivalent between myopic
eyes and hyperopic eyes at any follow-up visit. Similar
findings were reported by Cagil et al,* who noted there
was no significant difference in the increase in CDVA
between myopic patients and hyperopic patients after
PRK. Nevertheless, our outcome is in contrast to that
of Sakatani et al,'® who found that the CDVA improve-
ment was significant in eyes with myopia but not sig-
nificant in eyes with hyperopia. The previous study
only included 21 eyes: 7 eyes had myopia, 7 eyes had
hyperopia, and 3 eyes had mixed astigmatism.

Although our findings indicate that the CDVA of am-
blyopic eyes improved significantly after laser vision
correction, the physiologic mechanisms underlying
this improvement are not well understood. The pos-
sible mechanisms may be explained by neural plastic-
ity and corneal plane correction. Although it is often
stated that visual system plasticity is confined to the
childhood period, there is accumulating evidence to
show that a significant degree of neural plasticity ex-
ists in adults, which may have a positive role in clini-
cally significant improvement in visual acuity.?6-%”

Recent research shows a previously unsuspected
high potential of neuronal plasticity in adult animal
and human visual systems. For example, some stud-
ies?®29 reported that the plasticity in “mature” animal
visual systems was elicited by pharmacological treat-
ment such as valproic acid, fluoxetine, or chondroitin-
ase. In the study by Chino et al,*° a small retinal lesion
was made in one eye of adult cats, and the visual cortex
was mapped before and immediately after enucleating
the eye with no lesion. They found that substantial re-
organization takes place within hours of enucleation.
Sale et al*' showed that environmental enrichment re-
stored visual acuity in adult amblyopic rats.

It is not only animal experimental models studies
that give important clues about the presence of visual
plasticity in adult eyes; many experimental and clini-
cal studies suggest the adult visual system has the po-
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tential for plasticity. Some studies reported perceptual
learning has a significant effect on visual function in
the adult amblyopic population.???? Likewise, a differ-
ent study has shown that there was a recovery of visual
function in amblyopic eyes when the previously nor-
mal fellow eye underwent a significant deterioration in
vision.** In addition, reports of the recovery of visual
acuity in amblyopic eyes after vision loss in the better
eye due to macular degeneration suggest the potential
for visual improvement in amblyopia later in life.3

A second explanation is that the full correction of
all refractive errors, including astigmatism, by refrac-
tive surgery is undertaken at the corneal plane rather
than the spectacle plane, thus eliminating any induced
aberrations from spectacle plane correction that might
diminish acuity or prevent routine wear of full cor-
rection. Although there are multiple different explana-
tions for the improvement in CDVA after laser vision
correction, eliminating refractive error appears to be
the key to improve visual acuity in adult amblyopia.

The 3-month postoperative refractive accuracy (spher-
ical equivalent within +0.50 D of the target refraction)
in our study seems lower than some other studies. The
possible explanation for this may be the loss to follow-
up and inclusion of both hyperopic and myopic correc-
tions in our study. Additionally, loss to follow-up at the
3-month visit may have biased our sample toward those
with residual refractive error who sought further care.

One of the limitations of this study was that retro-
spective data were used for analysis. Due to its ret-
rospective nature, multiple examiners examined the
patients in this study. The lack of a standardized
examination may introduce some bias. Other limita-
tions of this retrospective study are a relatively short
follow-up and loss to follow-up. Additionally, because
the patients in this study were adults, data on their
amblyopic history in childhood were limited.

Despite the limitations, this study demonstrated our
experience with laser vision correction for adult am-
blyopic eyes in a large number of cases. The long-term
safety and stability of laser vision correction in adult
amblyopic eyes deserves further evaluation. In addi-
tion, the change of visual function, which includes not
only visual acuity but also contrast sensitivity after la-
ser vision correction in adult amblyopic eyes, will be of
great interest in the future. Although our findings have
shown visual improvement in adult amblyopia, further
investigation is required for a better understanding of
the mechanism underlying the observed increase of
postoperative CDVA in adult amblyopic patients.

Although it is not possible to predict preoperatively
whether CDVA will improve or not, there are still prac-
tical advantages of laser vision correction in eyes with
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amblyopia. The lifetime risk of bilateral vision impair-
ment for patients with amblyopia is nearly double that
for those without amblyopia, whereas the projected
lifetime risk of visual loss in the better eye is 1.2%.35
Therefore, strategies to maximize the visual potential in
the amblyopic eye have a direct patient benefit.

The implications of operating on the better-seeing
eye in patients with amblyopia are worthy of consider-
ation. As ophthalmologists, our raison d’étre is to pro-
vide the best possible vision for patients for their entire
life. In this study cohort, patients with visual acuity
of worse than 20/80 in the worse eye were excluded
from having surgery as a means of balancing the benefit
for visual improvement with the (extremely rare) risk
of catastrophic vision loss in the better-seeing eye. For
patients with an acceptable spectacle correction in the
better seeing eye who wear only spectacles without im-
pairment, continued spectacles wear may be the least
risk-carrying option. However, for patients who wear
contact lenses or who have their activities of daily life
limited by spectacles wear, the risk of refractive surgery
is likely in equipoise. We have good data now on the
risk of potential loss of best-corrected visual acuity in
laser vision correction,?” but the risk of vision loss from
contact lens wear is still an open question. Data suggest
that laser vision correction has an advantage over con-
tact lens wear in terms of patient satisfaction.*® Provid-
ing a full informed consent, including discussing the
potential for loss of vision in the better-seeing eye, is
critical for patients with amblyopia who are consider-
ing undergoing surgery. A potential strategy to mitigate
this might be operating on the amblyopic eye first and
the better seeing eye second. Ultimately, as physicians,
we have the duty to counsel our patients to the best of
our ability and to respect our patients’ wishes when it
comes to surgical decision making.
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Figure A. Change in manifest spherical equivalent over time for (A] myopic eyes and (B) hyperopic eyes. D = diopters; SD = standard deviation
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