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Abstract

e AIM: To evaluate the safety, effectiveness, and
predictability of small incision lenticule extraction (SMILE)
for the treatment of anisometropia, and to explore the
personalized design scheme of SMILE in correcting adult
myopia anisometropia based on the nomogram.

o METHODS: It's a prospective cohort study. Patients with
anisometropic myopia of refractive difference > 2.0 diopters
(D) who underwent SMILE between September 2020 and
March 2021 were enrolled. Clinical features and-visual
function were assessed preoperatively and at 1wk, 1, 3, and
6mo after the operation. The examination included tests
for uncorrected distance visual acuity (UDVA), corrected
distance visual acuity (CDVA), refractive errors, effectiveness
index (preoperative CDVA/postoperative UDVA), safety index
(postoperative CDVA/preoperative CDVA), nomogram and
stereoscopic function. Paired t-test, Wilcoxon signed-rank
test and repeated-measures analyses of variance were used
for continuous variables, and Pearson Chi-squared test was
used for categorical variables.

e RESULTS: The study involved 45 consecutive patients
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(average age: 25.0+£6.9y; 82 out of 90 eyes underwent
SMILE, while 8 eyes were not operated). The average
preoperative spherical equivalent (SE) was -4.74+0.22 D.
Six months after surgery, the effectiveness index was
1.05+0.12, and the safety index was 1.09+0.11. Seventy
eyes (85.4%) exhibited SE correction error within +0.5 D.
The percentage of eyes with Titmus stereoscopic function
equal to or less than 200" significantly increased from
55.6% preoperatively to 88.9% postoperatively (P<0.05).
There was statistically significant difference between higher
myopia eyes and contralateral eyes in average nomogram
value/spherical refraction ratio.

o CONCLUSION: SMILE is safe, effective and predictable
in correcting myopic anisometropia, and it improves
stereoscopic visual function of anisometropia patients. The
precise and individualized design of the nomogram is a vital
element to ensure the balance of both eyes after SMILE.

o KEYWORDS: refractive surgery; small incision lenticule
extraction; anisometropia; nomogram
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INTRODUCTION

nisometropia refers to the unequal refraction of two
A eyes, which manifests as a difference in refractive
errors or properties. Mild differences in refraction are
common and usually do not cause clinical symptoms. Obvious
anisometropia may cause stereoscopic dysfunction, asthenopia,
strabismus, or amblyopia'"’. Absolutely equal refraction in both
eyes is rather rare in general population, according to studies
conducted in different regions, the incidence of this common

refractive abnormality ranges from 3.79% to 21.8%""!.
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Furthermore, many cases of anisometropia are ignored owing
to the lack of vision abnormalities, such as amblyopia.

In addition to optical correction, refractive surgery is also
one of the current ways to treat anisometropia. Refractive
procedures, such as photorefractive keratectomy, laser in situ
keratomileuses, laser-assisted subepithelial keratectomy, and
phakic intraocular lens implantation treatments have been
reported to be safe and effective in treating anisometropia
and even anisometropic amblyopia, which have been shown
to improve visual acuity, binocular vision in patients with
anisometropia™*.

Previous studies have well documented that small incision
lenticule extraction (SMILE) has become one of the preferred
surgical modalities for people suffering from anisometropia due
to its safety, efficacy, predictability, and fewer postoperative
flap-related complications'>*. The implantation of implantable
collamer lenses (ICL) has emerged as a promising approach
for the correction of high myopic anisometropic amblyopia
in adults”. ICL implantation and SMILE have similar and
comparable outcomes in term of the efficacy and predictability
for correcting high myopia''”. Some children and adolescents
with stereoscopic dysfunction caused by anisometropia
can also benefit from various cornea refractive surgeries
including SMILE and laser-assisted in situ keratomileusis'"' ">\
However, myopic anisometropia in adult patients whose visual
development has been completed, the effect of SMILE on
stereoscopic function has been rarely reported in the literature,
so this article will evaluate the efficacy of SMILE correction of
myopia refractive error aged 18 years old or older (including
stereoscopic function). In addition, in order to reduce the
tendency for undercorrection after cornea refractive surgery
in patients with high myopia, a part of refractive surgery
centers at home and abroad have included nomogram in the
parameters of adjusting target spherical equivalent (SE)">"*"*,
Therefore, this study also explores the personalized design
scheme of SMILE in correcting adult myopia anisometropia
based on the nomogram, to inform future clinical applications
of SMILE in refractive error correction.

SUBJECTS AND METHODS

Ethical Approval The study protocol was approved by the
Ethics Committee of the First Affiliated Hospital of Chongqing
Medical University (ethical approval number: 2020-376),
which adhered the principles of the Declaration of Helsinki.
After explaining the nature of the study and the possible
consequences, written informed consent for the procedure was
obtained from patients and their immediate family members.
Research Object This was a prospective cohort study. This
study included 45 patients with myopic anisometropia. Among
them, 8 eyes with emmetropia were not operated on, and 37
patients underwent SMILE treatment for both eyes. All patients

underwent SMILE at the Ophthalmology Department of the
First Affiliated Hospital of Chongqing Medical University
(Chongging, China) between September 2020 and March 2021
were included.

Inclusion and Exclusion Criteria The inclusion criteria
included a minimum age of 18y, no previous ocular surgery
history, normal corneal topography, stable refraction for at
least 2y. Patients with binocular myopic anisometropia having
an SE greater than or equal to 2.0 D. The logMAR corrected
distance visual acuity (CDVA) in both eyes was equal to or
better than 0.1, and the corrected spherical power of each eye
was within the range of -9.0 D to -0.25 D. The patients with
other ocular or systemic organic diseases and pregnant or
lactating women were excluded.

Nomogram To develop an individualized surgical plan, the
nomogram was derived from the formula as follow:
SE..,,=0.25+0.11xSE

error preoperative*

And we slightly adjusted according to age, sex, accommodation
status, surgeon’s experience and hospital environment, efc.""*"".
A respectively lower nomogram was designed in eyes with
higher myopia compared with that of the contralateral eyes.
Surgical Methods Three days before surgery, all surgical
patients were administered sodium hyaluronate eye drops
(10 mL: 0.1%, Hylo-comod”, RSAPHARM Arzneimittel
GmbH, Industriestrafle, Saarbriicken, Germany) and
levofloxacin eye drops (5 mL: 24.4 mg, Cravit”, Santen, Osaka,
Japan) four times a day. Intraoperatively, oxybuprocaine
hydrochloride eye drops (20 mL: 80 mg, Benoxil®, Santen,
Osaka, Japan) were administered twice for topical anesthesia.
VisuMax femtosecond laser system (Carl Zeiss Meditec AG,
Jena, Germany) was used for surgical refractive corrections
for all patients with pulse frequency of 500 kHz and pulse
energy of 135 nJ. The spot size was 4.3 um and optical zone
diameter ranges from 6.0 to 6.7 mm. The corneal cap diameter
ranged from 6.8 to 7.5 mm, and cap thickness was 120 pum.
The incision length was 2.8 mm, position of incision was 90°,
and the edge cutting angle was 90°. After the canning, micro-
separator was used to separate and lift the edge of the corneal
cap, and separate the front and back surfaces of the lens in
turn. Then, the stromal lens was removed by micro tweezers
from the small incision and the wholeness of stromal lens was
carefully checked. Before the surgery was completed, extra
water was absorbed by sterile sponge.

Postoperative Treatment Tobramycin and dexamethasone
eye drops (TobraDex"”, Novartis, Rijksweg, Puurs, Belgium)
were given immediately after surgery for four times, every ten
minutes. Other postoperative regimens were follows: 0.5%
levofloxacin eye drops, four times a day for 21d; tobramycin
dexamethasone eye drops, four times a day for one week,
and then replaced with loteprednol eye drops (5 mL: 0.5%,
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Lotemax”, Bausch & Lomb Incorporated, Tampa, Florida,
USA), 3 times a day for one week, then twice a day for one
week, and then once a day for one week; sodium hyaluronate
eye drops, 4 times a day for one month.

Follow-up Indicators Before the operation, patients
underwent the anterior segment under slit lamp examination
and the fundus examination under the indirect ophthalmoscope,
and compound tropicamide eye drops (1 mL, Zhuobi’an®,
Sinqi Pharmaceutical, Shenyang, China) used to dilate the
pupil. The distance vision both before and after the operation
were detected with the logMAR chart; corneal topography was
obtained by performing Pentacam®AXL panoramic biometer
(Oculus GmbH, Wetzlar, Germany); and Titmus Stereoacuity
Test was applied to examine stercoscopic function. The
dilated and small pupil tests were run by the same experienced
optometrist. SE was obtained by adding the sum of the sphere
power with half of the cylinder power.

Tests were conducted before the surgery and follow-ups
were arranged at 1wk, 1, 3, and 6mo after surgery. Follow-
up indicators include: uncorrected distance visual acuity
(UDVA), CDVA, refractive error, effectiveness index (defined
as preoperative CDVA/postoperative UDVA), safety index
(defined as postoperative CDVA/ preoperative CDVA)"*),
stereoscopic function, nomogram and complications. All
missing data came from lost follow-up, and the small number
of lost samples did not affect statistical analysis method.
Statistical Analysis SPSS 17.0 (IBM Corp., Armonk, NY,
USA) software was used to perform data processing and
analysis. Data are presented as mean+tstandard deviation
(SD). The Shapiro-Wilk test was used for normal distribution
analysis. Paired -test and repeated-measures analyses of
variance were applied to continuous normally distributed
variables, and Wilcoxon signed-rank test was used for
groups with non-normally distributed continuous variable.
Pearson Chi-squared test were used for categorical variables.
P values<0.05 were considered indicative of statistical
significance. PASS 15.0 (NCSS, Utah, USA) software
was used to estimate the sample size. The sample size was
calculated to detect a tolerance of 0.05; set alpha=0.05 (two-
sided), with a confidence level (1-a) of 95%; assuming
SD of efficacy index and safety index after SMILE to 0.2
according to previous study!”
RESULTS

Baseline Information The study included 45 consecutive
patients (average age: 25.0+6.9y). Among them, 24 (53.3%)
were males and 21 (46.7%) were females. We finally evaluated
82 out of 90 eyes (45 patients) undergoing SMILE, while 8
emmetropia eyes was not operated, and 37 patients underwent

, and 80 eyes were required.

SMILE treatment for both eyes. The average preoperative SE
was -4.74+0.22 D (range -1.13 to -9.63 D). The average of
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Figure 1 Cumulative percentage of preoperative logMAR CDVA and
postoperative UDVA Preop.: Preoperative; Postop.: Postoperative;
CDVA: Corrected distance visual acuity; UDVA: Uncorrected distance

visual acuity.

refractive error of eyes with higher myopia (-6.37+1.43 D)
was significantly higher than that of eyes with lower myopia
(-3.48+1.41 D, P<0.001). Among 37 patients who underwent
surgery in both eyes, 22 cases (59.5%) had higher myopia in
the right eye, which was significantly higher than that in the
left eye (15 cases, 19.5%; P=0.104). During the operation,
mild diffuse opaque bubble layer (OBL) occurred in 2 eyes
(2.4%). There were no other intraoperative or postoperative
complications.

Effectiveness of Surgery Preoperative logMAR CDVA of
all eyes was better than 0.1, with 37 (45.1%) of them having a
better value than -0.1. Six months after the operation, all eyes
had postoperative UDVA of 0.1 or better; 79 eyes (96.3%) had
UDVA of 0.0 or better, 58 (70.7%) eyes had UDVA of -0.1 or
better, and 3 eyes (3.7%) had UDVA of -0.2 or better (Figure
1). The effectiveness index 6mo after surgery was 1.05+0.12.
Surgery Safety One week after the surgery, 75 (91.5%)
eyes had logMAR CDVA equal or better than that under the
preoperative situation; the number of eyes with CDVA equal
or better than that under the preoperative situation at post-
operative 1, 3, and 6mo were 78 (95.1%), 80 (97.6%), and 81
(98.8%), respectively. The number of eyes with CDVA that
gained 1 line and 2 lines six months postoperatively were 33
(40.2%) and 1 (1.2%) respectively. The number of eyes whose
CDVA decrease 1 line six months after surgery was 1 (1.2%).
None of the cases showed CDVA decreasing 2 lines or more
(Figure 2). The safety index was 1.09+0.11 six months after
the surgery.

Predictability of Surgery Six months after the surgery, 70
(85.4%) eyes showed SE correction error within 0.5 D; 11
(13.4%) eyes showed SE correction error ranging from +0.5 D
to 1.0 D (Figure 3). The linear regression equation of actual SE
and pre-corrected SE at 6mo after surgery is y=0.9340x-0.3635
(R’=0.9582, P<0.0001; Figure 4).

The numbers and percentages of eyes with different levels of
postoperative astigmatism six months after surgery were as
follows: 0.00-0.50 D, 66 eyes (80.5%); 0.51-1.00 D, 16 eyes
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Figure 2 The changes in lines of logMAR CDVA after SMILE surgery
Preop.: Preoperative; Postop.: Postoperative; CDVA: Corrected

distance visual acuity.

Figure 3 Accuracy of spherical equivalent refraction after SMILE

surgery Preop.: Preoperative; Postop.: Postoperative.

Figure 4 Achieved versus attempted change in SE 6mo after SMILE
surgery SE: Spherical equivalent; D: Diopter.

(19.5%); 1.01-1.50 D and >1.51 D, none (Figure 5).

Stability of Surgery Figure 6 shows the SE refraction
changes over time after SMILE surgery. Compared with the
preoperative data, there was a significant reduction in the mean
SE at 1wk, 1, 3, and 6mo postoperatively (P<0.05). However,
no statistical difference of mean SE was detected between
different points of time after operation.

Comparison Between Eyes with Higher Myopia and

Figure 5 Percentage of preoperative and postoperative refractive

astigmatism Preop.: Preoperative; Postop.: Postoperative; D: Diopter.

Figure 6 Stability of spherical equivalent refraction.

Table 1 The refractive outcomes of higher eyes versus contralateral

eyes before and after SMILE

Parameters Higher eyes Contralateral eyes Statistics P

Spherical equivalent (D)

Preop. -6.37+1.43 -3.48+1.41 =-5.304 0.001

Postop. 6mo -0.05+0.43° 0.09+0.41° t=-1.551 0.13
Sphere (D)

Preop. -5.89+1.33 -2.89+1.33 t=-21.001 0.001

Postop. 6mo 0.00£0.36° 0.1440.24° t=-1.854 0.072
Cylinder (D)

Preop. -0.96+0.65 -1.17+0.73 Z=-2.070 0.038

Postop. 6mo -0.09+0.46° -0.09+0.55° t=0.009 0.993
Nomogram/S (%) 12.14 #1.25 16.67+14.37 7=-5.243 0.001
Effectiveness index 1.05+0.13 1.08+0.13 7=-0.522 0.601
Safety index 1.0940.10 1.10£0.13 Z=-0.439 0.660

Preop.: Preoperative; Postop.: Postoperative; °P<0.001.

Contralateral Eyes Table 1 shows the outcomes of higher
eyes versus contralateral eyes before and after SMILE among
37 patients who underwent SMILE in both eyes. The average
nomogram value/spherical refraction ratio of the eyes in
higher myopia was 12.14%*1.25%; this data in contralateral
eyes was 16.67%*14.37%; there was significant difference
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between higher myopia eyes and contralateral eyes (P<0.001).
Six months after surgery, the average SE of eyes with higher
myopia was -0.05+0.43 D, while that of the contralateral eyes
was 0.09+0.41 D, suggesting no significant difference between
the two eyes in this respect (P=0.13). Also, the difference of
effectiveness index as well as safety index between higher eyes
versus contralateral eyes postoperatively was not statistically
meaningful.

Stereoscopic Function We recorded the Titmus stereoscopic
examination of 45 patients. On preoperative Titmus
stereoscopic examination, 12 patients (26.7%) had a
stereoscopic function > 600, and 25 cases (55.6%) had a
stereoscopic function < 200”. Six months after surgery, the
proportion of eyes with stereoscopic vision =600 (2 cases,
4.4%) was significantly reduced (P=0.006), and the proportion
of eyes with stereoscopic vision equal or less than 200” (40
cases, 88.9%) was significantly increased (P<0.001).
DISCUSSION

Refractive surgery poses unique advantages over other
treatment of anisometropia. Compared with spectacles, it could
offer better visual quality and cause less optically-induced
aniseikonia. Also, it may protect patients against infection
when compared with contact lenses. Characterized as no
corneal flap-related complications™, SMILE is reported to
induce less damage to the corneal subepithelial stromal nerve
plexus, have a mild surgical response, and it is less likely to

" Therefore, it is gradually becoming one of

cause dry eyes”
the mainstream refractive surgeries. We found that SMILE is
not only a safe, effective and predictable method for correcting
adult myopic anisometropia, but it also alleviates refractive
differences and in turn helps improve the stereoscopic function
of these patients. Nomogram design may provide better
refractive outcomes for SMILE surgery with anisometropic
eyes.

Studies have demonstrated the long-term safety and
effectiveness of SMILE™™, and it is a promising modality
for improving adult myopic anisometropia®”. Ang et a/'"”’
pointed out that, one year after SMILE, in 98.0% of cases,
the CDVA was equal to or better than that before surgery, and
the efficacy index was 0.99+0.20. In Taneri et al’s”® study, at
3mo after SMILE surgery 96.0% cases had CDVA equal or
better than before the surgery, and the mean efficacy index was
1.03. Our results reported that the data was 98.8% 6mo after
SMILE surgery, and the efficacy index was 1.05, both similar
to previous results, thereby confirming the safety and efficacy
of SMILE in correcting myopia refractive error in adults. In
addition, the excellent performance of SMILE surgery in terms
of predictability has also been confirmed by previous studies.
Zhong et al™ and Sanchez-Gonzalez et al”™ reported that SE
correction error within £0.5 D was 81.4%-83.9% and 83.0%,
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respectively, which is also very close to our 85.4%, confirming
the predictability of SMILE in the correction of myopic
anisometropia.

Of note, obvious anisometropia may cause amblyopia,
whereas some patients with anisometropia only present with
stereoscopic dysfunction'!. Indeed, there is considerable
inter-individual variability with respect to tolerance to
anisometropia, and lower levels of anisometropia do not cause

B031 Nonetheless,

obvious abnormalities in visual development
a significant proportion of patients with anisometropia
are affected by stereoscopic dysfunction. It was reported
that children and adolescents with myopic anisometropic
amblyopia exhibited different degrees of improvements of
their already lost stereoscopic function after refractive surgical
correction'>**, There is also a possibility that anisometropia
correction surgery improves vision and visual function in adults
with anisometropic amblyopia, even though they have missed
the critical period of visual development™'”. These potential
visual abnormalities, visual fatigue and other discomforts are
often overlooked in daily lives. It underlines the importance of
paying more attention to individuals who have normal vision
but exhibit abnormal visual function. Our study shows that
SMILE surgery can improve stereoscopic function in adults
with myopic anisometropia, which is consistent with previous
Views.

In previous studies on corneal refractive procedures, including
SMILE for the correction of myopic anisometropia, it
was found that eyes with high myopia were more likely to
be under corrected, and the effectiveness was worse than
that of the contralateral eyes'*”***. This may be related
to the asymmetric eye adjustment ability of the eyes with
anisometropia, the greater movement adjustment ability of
the eyes with higher myopia, and the thicker ciliary muscle
of the eyes with higher myopia in case of anisometropia!”.
Nowadays, more attention has been paid to nomogram to
adjust the corrected refractive error of SMILE. Different
nomogram designs for anisometropia can help improve the
predictability of surgery. It has been previously reported that
the tendency of undercorrection after corneal refractive surgery
in high myopia patients disappeared after adjusting results

1351 1 our study, we determined

according to nomogram'
the individualized nomogram before surgery according to
the factors such as preoperative sphere refraction, age, sex,
surgeon’s experience, hospital environment, efc. Furthermore,
no difference was observed between the SE of eyes with
higher myopia and that of the contralateral eyes. Furthermore,
other factors that affect the predictability of SMILE (including
astigmatism and axial, corneal curvature, tear film etc.)
deserve our attention' ", Application of artificial intelligence

technology in the nomogram design of SMILE surgery will
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provide a more accurate solution for the individualized design
of the surgery for patients with anisometropia®™’.
Nevertheless, the study still has some limitations. Nomogram
for the correction of myopic anisometropia based on deep
learning algorithms, large sample size and long-term follow up
should be conducted in the future. A larger prospective cohort
study investigating the factors related to the recovery of visual
function after SMILE will provide more definitive evidence.
Our findings suggest that SMILE is a predictable, effective,
and safe modality for correcting myopic anisometropia. For
anisometropia in adults, the correction of refractive differences
can bring about an improvement in stereoscopic function. The
precise and individualized design of the nomogram is a vital
element to ensure the balance of both eyes after SMILE.
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