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ABSTRACT

Introduction: To investigate nighttime symp-
toms in patients with myopic anisometropia
after monocular small incision lenticule
extraction (SMILE) surgery.
Methods: Thirty-six patients who had under-
gone monocular SMILE more than 6 months
previously were recruited at the Eye & ENT
Hospital of Fudan University. The average age at
surgery was 25.4 ± 6.1 years. Preoperative

spherical equivalent (SE) was -3.77 ± 1.56 D in
SMILE-treated eyes and -0.08 ± 0.66 D in
unoperated eyes. Main measurements included
uncorrected and corrected distance visual acu-
ity, manifest refraction, halo radius, contrast
sensitivity, nighttime symptoms, and patient
satisfaction.
Results: The mean follow-up time was
13.9 ± 3.4 months. The efficacy and safety
indexes were 1.18 and 1.28, respectively. The
halo radius was not significantly different
between SMILE-treated and unoperated eyes
under luminance conditions of 1, 5, and 100 cd/
m2 (P = 0.055). No significant differences were
observed in contrast sensitivity at all spatial
frequencies between eyes under both uncor-
rected and corrected conditions (all P[0.05).
None of the patients reported moderate or sev-
ere symptoms at night. Mild symptoms (glare,
halo, starburst) were reported and binocularly
equal in 13 patients, whereas four patients
reported better night vision in SMILE-treated
eyes than unoperated eyes, and one of them
experienced mild night vision disturbance. The
overall satisfaction score was 9.39 ± 0.80.
Conclusions: The disk halo size and contrast
sensitivity in SMILE-treated eyes were similar to
those in unoperated eyes, and nighttime
symptoms almost completely resolved after
SMILE.
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Key Summary Points

Why carry out this study?

Nighttime symptoms, especially glare and
halo, are common complications of small
incision lenticule extraction (SMILE). This
study evaluated refractive outcomes, disk
halo size, contrast sensitivity, and
nighttime symptoms in monocular SMILE
patients.

Thirty-six patients who had undergone
monocular SMILE more than 6 months
previously were recruited, and visual
performance was measured by the
MonPack One (Metrovision, France);
nighttime symptoms were assessed by
patient-reported questionnaire on the
basis of individual eyes.

What was learned from this study?

The efficacy index and safety index were
1.18 ± 0.17 and 1.28 ± 0.18 in SMILE-
treated eyes, respectively.

Similar contrast sensitivity and high
satisfaction scores were achieved in
patients with myopic anisometropia after
monocular SMILE surgery.

Nighttime symptoms (glare, halo,
starburst) became mild or disappeared for
most individuals over 14 months
postoperatively.

Patients reported interocular visual
differences indicating that night vision in
SMILE-treated eyes was superior to that in
unoperated eyes.

Monocular SMILE surgery contributed to
the recovery of normal vision in specific
myopic anisometropic patients, but the
nomogram should be considered to avoid
myopic shift occurring in unoperated
eyes.

INTRODUCTION

Small incision lenticule extraction (SMILE) is a
corneal refractive procedure for myopia and
myopic astigmatism correction with great pre-
dictability and stability [1, 2]. Visual acuity and
vision quality are important for refractive surg-
eries. Previous studies have documented excel-
lent visual quality after SMILE using subjective
or objective measurements, such as the OQAS
(Optical Quality Analysis System) [3], C-Quant
straylight meter [4], and subjective question-
naires [5–9]; other vision quality measurements
including objective scatter index, contrast sen-
sitivity, and uncorrected visual acuity returned
to preoperative levels after 3 months [3, 6, 8, 9].
Our team also observed that the disk halo size,
which is a veiling light over the retina produced
by the forward-scattered light into the eye and
which induces a disability glare [10–12], tem-
porarily increased and then returned to baseline
3 months after SMILE [13]. However, some
patients still encountered glare when driving at
night or recognizing a target against a bright
background even 3 years after the surgery [5].
Surgery-induced night symptoms are worth
discussing, and a self-controlled study design is
a common and valid way to explore such prac-
tical questions. However, comparing the symp-
toms between the operated and unoperated
eyes of the same patient can provide real-time
information and remove the potential bias of
individual characteristics [14].

To our knowledge, no study has focused on
such a special kind of myopic anisometropia.
This study investigated disk halo size, contrast
sensitivity, and nighttime symptoms in patients
after monocular SMILE surgery.

METHODS

Patients

Thirty-six patients (18 men and 18 women)
who had undergone monocular SMILE (27 right
eyes and 9 left eyes) more than 6 months pre-
viously were recruited in this retrospective
study. The surgical procedures were conducted
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in the Eye, Ear, Nose, and Throat (EENT)
Hospital of Fudan University from February
2016 to March 2020. The average age at surgery
was 25.4 ± 6.1 years. The preoperative spherical
equivalent (SE) was -3.77 ± 1.56 D in the
SMILE-treated eyes and -0.08 ± 0.66 D in the
unoperated eyes (Table 1). Among SMILE-trea-
ted eyes, 29 were dominant eyes.

The preoperative inclusion criteria were as
follows: age greater than 18 years, SE changes
within 2 years less than or equal to -1.00 D,
corrected distance visual acuity (CDVA) of
20/25 or better, and no use of soft contact lenses
for more than 2 weeks, hard contact lenses for
more than 1 month, or ortho-K contact lenses
for more than 3 months.

This study complied with the principles of
the Declaration of Helsinki and was approved
by the Ethics Committee of the EENT Hospital
of Fudan University. A consent form for partic-
ipation and academic publication request was
obtained from each patient.

Surgical Technique

All surgeries were performed by a single expe-
rienced surgeon (XZ). A VisuMax femtosecond
laser (Carl Zeiss Meditec AG) was used, with a
frequency of 500 Hz and pulse energy of 130 nJ.
The lenticule diameter was set between 6.6 mm
and 7.0 mm; the cap diameter was set to

7.5 mm at 120-lm depth in a 90� single-side
cut, with a length of 2.0 mm.

The postoperative prescription was as fol-
lows: levofloxacin eye drops four times per day
for 7 days; 0.1% fluorometholone eye drops
eight times per day, reduced by one time every
3 days for a total of 24 days; and preservative-
free artificial tears four times per day for 1 to
2 months.

Disk Halo Size Measurement

The halo radius was measured using a vision
monitor (MonPack One, Metrovision, France)
in a dark room. As described previously [15],
patients with the best spectacle correction were
tested monocularly at a distance of 2.5 m after
5 min of adaptation to darkness. The test was
performed using letters with luminance condi-
tions of 1, 5, and 100 cd/m2. The light source
positioned to the right of the patient was used
to test the right eye, and that positioned to the
left of the patient was used to test the left eye.
Three radial lines with 10 letters, forming 10
rings at intervals of 30 arc min, were displayed
from the periphery toward the light source. To
avoid a retinal afterimage, patients were
instructed to adopt an out-to-in strategy to read
the letters on each line from the side opposite
the light source. The average of unrecognized
letters in the three lines was calculated as the
halo radius in arc min.

Table 1 Preoperative demographics and refraction data

SMILE-treated eyes Unoperated eyes p-value

Age, year 25.4 ± 6.1 –

Sex (male/female) 18/18 –

Sphere, diopters -3.49 ± 1.55 -0.22 ± 0.62 0.000

Range, diopters -6.25 to -0.75 -0.75 to ?1.75

Cylinder, diopters -0.56 ± 0.42 -0.59 ± 0.48 0.720

Range, diopters -1.50 to 0 -1.75 to ?0.47

SE, diopters -3.77 ± 1.56 -0.08 ± 0.66 0.000

CDVA, logMAR -0.05 ± 0.06 -0.04 ± 0.08 0.103

SE, spherical equivalent; CDVA, corrected distance visual acuity; logMAR, logarithm of the minimum angle of resolution
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Contrast Sensitivity Tests

The contrast sensitivity was tested using the
same vision monitor. The testing protocol has
been described in detail previously [16]. The test
was performed monocularly at a distance of 2 m
under corrected and uncorrected conditions
after adapting to darkness for 5 min. Vertical
gratings of sine waves of various spatial fre-
quencies (SFs), including 0.5 (SF0.5), 1.1 (SF1.1),
2.2 (SF2.2), 3.4 (SF3.4), 7.1 (SF7.1), and 14.6
(SF14.6) cycles/degree (cpd), were displayed on
the visual monitor in full-screen mode. The
contrast gradually increased until the patient’s
response was received, and the results were
recorded. Thereafter, the monitor presented a

graph of the contrast sensitivity function and
registered the contrast at each SF in dB.

Nighttime Symptoms and Patient
Satisfaction

Current nighttime symptoms, including glare,
halo, starburst, distortion, and night vision
disturbance (on a scale of none, mild, moder-
ate, or severe), together with interocular differ-
ences regarding night vision were evaluated by
a written questionnaire for each patient at the
last follow-up. The above questions were soli-
cited based on individual eyes rather than as a
binocular assessment involving both eyes, and
patient overall satisfaction scores (on a scale of
1–10 points, 1 = low, and 10 = high) with their

Table 2 Patient questionnaire

Parameter

1 Do you experience any night vision disturbance currently? If YES, which eye?

h No h Yes (operated eye, unoperated eye, or both eyes)

2 During the last week, have you experienced interocular visual differences at night? If YES, which eye is better in term of

night vision?

h No hYes (operated eye or unoperated eye)

3 During the last week, have you experienced glare at night? If so, which eye? And rate it as mild, moderate, or severe.

h No h Yes (operated eye, unoperated eye, or both eyes) h Mild h Moderate h Severe

4 During the last week, have you experienced halos (rings around lights) at night? If so, which eye? And rate it as mild,

moderate, or severe.

h No h Yes (operated eye, unoperated eye, or both eyes) h Mild h Moderate h Severe

5 During the last week, have you experienced starburst around lights at night? If so, which eye? And rate it as mild,

moderate, or severe.

h No h Yes (operated eye, unoperated eye, or both eyes) h Mild h Moderate h Severe

6 During the last week, have you experienced any visual distortion as you normally function at night? If so, which eye?

And rate it as mild, moderate, or severe.

h No h Yes (operated eye, unoperated eye, or both eyes) h Mild h Moderate h Severe

7 The overall satisfaction score (on a scale of 1–10, 1 = low satisfaction and 10 = high) with your refractive surgery

outcomes is ___.

Mild: symptoms noted to affect light sources, but functions were not interfered; Moderate: symptoms noted and usual
activity were affected, especially when driving or looking at light sources; Severe: certain activities, such as driving or looking
at light sources, were restrained by symptoms
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SMILE surgery outcomes were also recorded
(Table 2).

Statistical Analysis

For a = 0.05 and 80% power, the null hypothe-
sis mean (halo radius, l0) was 88.4 arc min at
5 cd/m2 level, the standard deviation (r) was
22.1, and the true mean (halo radius, l) was
77.0 arc min, for sample size calculation. The
calculated number of eyes necessary for detect-
ing differences in the halo radius was 32
(G*Power 3.1). IBM SPSS Statistics for Windows
software (version 24, IBM Corp., Armonk, NY)
was used for the statistical analyses in this
study. The Shapiro–Wilk test was performed to
assess the normality of contrast sensitivity and
halo radius before the application of nonpara-
metric tests. The differences in contrast sensi-
tivity at different SFs, the halo radius at
different luminance levels between SMILE-trea-
ted and unoperated eyes, and the intergroup
differences in contrast sensitivity were analyzed
by repeated-measures analysis of variance
(ANOVA). Significance was set at P\ 0.05.

RESULTS

All patients underwent SMILE without any
severe complications, such as corneal infection
or diffuse lamellar keratitis. The average follow-
up time was 13.9 ± 3.4 months (8–20 months).

Efficacy, Safety, Predictability,
and Astigmatism Correction

The cumulative percentage of uncorrected dis-
tance visual acuity (UDVA) at postoperative
14 months is presented in Fig. 1A. The efficacy
index (postoperative UDVA/preoperative
CDVA) of the procedure was 1.18 ± 0.17. All
SMILE-treated eyes had a postoperative UDVA
of 20/20 or better; 80.6% (29/36) of the SMILE-
treated eyes gained one or more lines of CDVA.
No SMILE-treated eyes lost one or more lines of
CDVA (Fig. 1B), and the safety index (postop-
erative CDVA/preoperative CDVA) was
1.28 ± 0.18.

A scatter plot of the attempted versus
achieved SE correction is shown in Fig. 1C. The
SE in SMILE-treated eyes was 0.22 ± 0.39 D,
whereas that in unoperated eyes was
-0.30 ± 0.64 D; 86.1% (31/36) of the SMILE-
treated eyes were within ± 0.50 D, whereas
97.2% (35/36) were within ± 1.00 D (Fig. 1D).

Refractive astigmatism is shown in Fig. 1E.
The mean refractive astigmatism was
-0.20 ± 0.18 D (range, -0.50 to 0 D) in SMILE-
treated eyes, and 100% of the SMILE-treated
eyes were within ± 0.50 D.

Disk Halo Size

For letter luminance levels of 1, 5, and 100 cd/
m2, the mean halo radius in the SMILE-treated
eyes was 207.8 ± 57.9 arc min, 76.1 ± 25.0 arc
min, and 60.0 ± 0.0 arc min, respectively,
whereas that in the unoperated eyes was
219.4 ± 48.2 arc min, 80.8 ± 26.9 arc min, and
60.0 ± 0.0 arc min, respectively. The interac-
tion effect between surgery and luminance level
was not significant (Mauchly’s test of sphericity
with Greenhouse–Geisser correction, F = 2.490,
P = 0.113). The test of within-subject effects
showed that the main effect of surgery on the
halo radius was not significant between the
SMILE-treated and unoperated eyes (F = 3.925,
P = 0.055). Moreover, the main effect of lumi-
nance level on halo radius was significant
(F = 345.732, P\0.001), and pairwise compar-
ison showed significant differences in halo
radius between any two luminance levels in
both SMILE-treated and unoperated eyes (all
P\ 0.001; Fig. 2).

Contrast Sensitivity

Although the contrast values at all SFs were
significantly different in each group (Table 3), a
marginal but nonsignificant increase in contrast
was observed in the SMILE-treated eyes com-
pared to the unoperated eyes under uncorrected
conditions (repeated-measures ANOVA,
F = 2.027, P = 0.163). No significant difference
was noted under corrected conditions (re-
peated-measures ANOVA, F = 0.663, P = 0.421;
Fig. 3).
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Nighttime Symptoms and Satisfaction

As Fig. 4 shows, none of the patients reported
moderate or severe symptoms at night. Nine-
teen of the 36 patients reported no nighttime
symptoms, while 13 patients reported mild
symptoms (glare, halo, starburst) in both eyes.
Among these, nine patients reported mild glare,
two reported halo, ten reported starburst, and
none reported distortion. No patients reported
worse nighttime symptoms in the SMILE-trea-
ted eye compared to the unoperated eye,
whereas four patients, who had interocular
visual differences, reported better night vision
in SMILE-treated eyes than in unoperated eyes
(Table 4). It is noted that the unoperated eyes of
case 4, who reported mild night vision distur-
bance, showed poor uncorrected contrast sen-
sitivity at high spatial frequencies of 7.1 and
14.6 cycles per degree (13 dB and 6 dB, respec-
tively), but the SMILE-treated eye was normal.

bFig. 1 Refractive outcomes for unilateral SMILE patients.
Postoperative cumulative uncorrected distance visual acuity
(UDVA) after small incision lenticule extraction (SMILE)
(A). Postoperative changes in UDVA lines (B). Attempted
vs. achieved spherical equivalent refraction (C). Accuracy
of spherical equivalent refraction (D). Postoperative
refractive astigmatism (E)

Fig. 2 Disk halo size at letter luminance levels of 1, 5, and
100 cd/m2 in SMILE-treated and unoperated eyes of
patients with myopic anisometropia
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The mean satisfaction score of the 36 enrol-
led patients was 9.39 ± 0.80 (range, 8–10).

DISCUSSION

Although many studies have documented
visual outcomes and optical quality after SMILE,
few studies have compared both eyes of the
same person. Since nighttime symptoms such as
glare or halo are subjective symptoms, the
intraindividual contralateral real-time design is
undoubtedly a strength of this study. In this
study, we report similar visual performance
between SMILE-treated and unoperated eyes for
disk halo size, contrast sensitivity, and night-
time symptoms in patients with anisometropia
who underwent monocular SMILE.

An efficacy index of 1.18 and safety index of
1.28 were obtained, which were in line with
previously reported values [2, 6, 9]. Good visual
acuity is the premise to discuss visual quality.

To simulate patients’ routine experience, the
halo radius was measured under mesopic and
photopic (1 cd/m2, 5 cd/m2, 100 cd/m2) vision.
The halo radius in both eyes decreased with an
increase in the letter luminance. The halo
radius obtained at a letter luminance of 1 cd/m2

was almost three times the value obtained at a
higher luminance (5 cd/m2), which was close to
the values in this age range [11]. Furthermore,
no differences were found between the two eyes
of the same patients. This was in line with our
previous study where disk halo size returned to
the baseline value at 3 months postoperatively
[13]. The limitation of that study was the lack of
subjective survey and contrast sensitivity tests.
In the present study, we remedied these issues.
In the current study, 89% of patients reported
similar symptoms in both eyes, and no patients
reported moderate or severe symptoms at night.
In addition, high satisfaction scores were
observed. Xu and Yang [6] evaluated myopic
patients using the Arnold questionnaire and
found that 27% of the patients reported mild to
moderate glare symptoms 2 weeks after SMILE,
which eventually decreased to 2% at 1 year
postoperatively. Gyldenkerne et al. [8] found
that none of the 51 patients reported severe
symptoms 3 months after surgery, and 20
patients had no nighttime symptoms. Although
the questionnaires used in the present and
previous studies were different, the final results
showed agreement that the nighttime symp-
toms were able to return to normal in most of
the patients. Moreover, similar to previous

Fig. 3 Contrast at spatial frequencies of 0.5, 1.1, 2.2, 3.4, 7.1, and 14.6 cycles per degree without (left) and with (right)
spectacle correction between SMILE-treated and unoperated eyes
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studies [5, 8], glare and starburst were the most
common night symptoms after SMILE.

Contrast sensitivity tests also showed no
significant differences between SMILE-treated
and unoperated eyes at all SFs under both cor-
rected and uncorrected conditions. This is in
agreement with previous studies. It has been
reported that photopic and mesopic contrast
sensitivity showed a sharp decline at first, and
then recovered at 1–3 months postoperatively
[6, 9, 17]. A decrease in contrast sensitivity in
the early stage after SMILE might correlate with
corneal backscatter when light passes through
the corneal stroma [18, 19] and microdistor-
tions in Bowman’s layer [20], together with
inflammatory responses [21]. In the first cohort
of patients undergoing SMILE procedures in the
world, Sekundo et al. [22] showed no significant
changes in either mesopic or photopic contrast
sensitivity at 3, 6, and 12 months

postoperatively. Contrast sensitivity after the
SMILE procedure was comparable to that in
normal eyes.

Interestingly, the contralateral unoperated
eye became more myopic, while the SMILE-
treated eye was slightly overcorrected. The
average SE of the unoperated eye ranged from
-0.08 ± 0.66 D to -0.22 ± 0.39 D. The slope of
the attempted versus achieved SE correction was
1.0376. Hence, the unoperated eye became
more myopic, as the accommodation always
affects both eyes simultaneously. It might also
be because 80.6% (29/36) of the cases were the
dominant eye, and theoretically, dominant eyes
perform better than non-dominant eyes. Sha-
pira et al. [23] also observed overcorrection in
the more myopic eyes in 472 eyes of 236
patients with anisometropia. This should be
considered during monocular SMILE design.

Fig. 4 The number of patients who reported nighttime
symptoms: 17 of the 36 patients reported nighttime
symptoms. Among them, 13 patients reported mild
symptoms in both eyes, whereas four patients reported

symptoms in the unoperated eye. Symptom scores:
0, none; 1, mild; 2, moderate; 3, severe
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Our study has some limitations. Whether
anisometropia plays a relevant role in nighttime
symptoms is unclear. However, as mentioned
before, the contralateral real-time design has its
own advantage in real-time comparison. More-
over, as shown in Table 4, the postoperative
difference in SE might skew the data in favor of
the SMILE-operated eye. Additionally, the pre-
operative SE of the SMILE-treated eye was
-3.77 ± 1.56 D, and the optical zone was larger
than 6.5 mm; therefore, a study of high myopic
anisometropia with a small optical zone is
needed to verify the present outcomes.

CONCLUSIONS

In conclusion, this study showed similar con-
trast sensitivity between SMILE-treated and
unoperated eyes after SMILE, and almost nor-
mal nighttime values were achieved after
SMILE.
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