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A B S T R A C T

Purposes: To evaluate the impact of coronavirus disease 2019 (COVID-19) on postoperative visual acuity, optical
quality, and severity of dry eye disease in patients after small incision lenticule extraction (SMILE).
Methods: This is a retrospective, comparative study. Patients who underwent SMILE were included and divided
into two groups according to the period at the eye center of the Second Affiliated Hospital of Zhejiang University.
The first group included patients who underwent SMILE before the large-scale COVID-19 pandemic in China
(Group 1). The second group comprised patients who underwent SMILE during the pandemic with a confirmed
infection of COVID-19 (Group 2). The visual acuity, the severity of dry eye, ocular surface disease index (OSDI),
oculus keratography analysis, and individual Zernike coefficients were evaluated and compared between the 2
groups.
Results: A total of 43 eyes of 23 patients and 45 eyes of 26 patients were included in Groups 1 and 2, respectively.
The OSDI score in Group 2 was significantly higher than Group 1 (P < 0.01). The corrected distance visual acuity
(CDVA, logMAR) at 3 months postoperatively in Group 1 was better than in Group 2 (P < 0.001). Despite the
improvement over 1 month after the COVID-19 infection, the OSDI score was still higher in Group 2 than in Group
1 (P < 0.01). The bulbar and limbal redness were significantly higher in Group 2 than in Group 1 at both 1 month
and 3 months (P < 0.05), while no significant differences were found in tear breakup time or tear meniscus
height. Spherical aberration (SA) at the 4 mm zone was significantly higher in Group 2 than in Group 1 both at 1
month and 3 months (P < 0.001), while no significant changes were observed in corneal total higher-order ab-
errations. No significant correlation was found between the bulbar/limbal redness index and SA.
Conclusions: COVID-19 infection impaired visual outcomes and aggravated dry eye severity among postoperative
SMILE patients.
1. Introduction

Currently, numerous studies have shown that femtosecond-assisted
laser in situ keratomileusis and small incision lenticule extraction
(SMILE) are safe and effective refractive surgeries for correcting myopia.1,2

During the pandemic of coronavirus disease 2019 (COVID-19), ocular
transmission was possible by detection of SARS-CoV-2 on the ocular sur-
face.3,4 Ocular manifestations mainly involve the conjunctiva, cornea,
sclera, anterior chamber, pupil, retina, optic nerve and visual cortex,
extraocular muscles and their cranial innervation, orbit, and lacrimal organ
system. Anterior segment manifestations include conjunctivitis, ocular
pain, discharge, and redness.5 Depression, anxiety, and sleep disturbance
were reported closely related to the severity of dry eye, especially during
COVID-19.6,7 Systemic biomarkers such as serum D-dimer and ferritin
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levels, were shown closely related to visual acuity among ophthalmic pa-
tients who had a recent history of COVID-19 or those with positive
COVID-19 antibody status.8 Ophthalmic manifestations may develop
during or following COVID-19 infection.9 Dry eye patients who have been
infected with COVID-19 tend to have a more severe dry eye condition and
parameters such as lower lipid layer thickness, worse papillae grading,
shorter non-invasive tear breakup time, and meibomian gland dysfunc-
tion.10 Patients undergoing refractive surgeries, such as SMILE, may also
experience prolonged dry eye symptoms lasting up to 6 months post--
operation.11,12 However, the effect of a recent infection of COVID-19 on
visual acuity, optical quality, and severity of dry eye disease among SMILE
patients has not yet been investigated.

In China, the infection rate of COVID-19 is quite low due to stringent
pandemic control and large-scale nucleic acid testing before November
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2022. Due to the relaxation of anti-COVID-19 measures in early
December 2022, the COVID-19 infection rate in China reached its peak
with an estimated 82.4% as of February 7, 2023.13,14 We noticed that
patients with a recent history of COVID-19 after corneal refractive sur-
gery frequently complained of dry eye, foreign body sensation, redness,
and blurred vision. Since dry eye severity differs between femtosecond
assisted laser in situ keratomileusis group and SMILE group, SMILE pa-
tients were included in this study to control confounding factors.

We conducted a retrospective study of patients who underwent SMILE
from January to February 2023 with a recent history of COVID-19
infection. The control group comprised patients who underwent SMILE
from January to February 2022 with complete medical records. The
ocular surface disease index (OSDI) was used to assess the self-reported
severity of dry eye through teleconsultation. All medical records with
subjective dry eye parameters and visual outcomes post-refractive sur-
gery were analyzed to evaluate the impact of COVID-19.

2. Materials and methods

This study is a retrospective, comparative analysis of patients who
underwent SMILE at the eye center of the Second Affiliated Hospital of
Zhejiang University. We included Patients aged over 18 years with un-
eventful SMILE surgery conducted before (January 1, 2022, to February
28, 2022) and during (January 1, 2023, to February 28, 2023) the period
of the large-scale COVID-19 infection in China with complete clinical
data. We consider a simulation study to compare tear break-up time
(TBUT) between two groups that aims to have 90% power to detect a
standard deviation of 2 and a minimal meaningful difference of 2 at α ¼
0.05 significance level. The required sample size for each group is n ¼ 42
with 50% dropout. All the procedures in this study were approved by the
Ethics Committee of the Second Affiliated Hospital, School of Medicine,
Zhejiang University (No.2023-0664). Written informed consent was
given from every patient.
Fig. 1. Flow chart
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2.1. Patients

The patients were divided into two groups based on the time of their
SMILE and the post-operative follow-up. All of the SMILE patients from
January 1, 2022, to February 28, 2022, and January 1, 2023, to February
28, 2023 were screened. All of the SMILE patients who had one visit
during the period with complete 3 months’ medical records were
assessed for eligibility. Group 1 included SMILE patients who underwent
SMILE before the large-scale infection of COVID-19 in China (January 1,
2022, to February 28, 2022). Group 2 included patients who underwent
SMILE during the large-scale infection of COVID-19 in China (January 1,
2023, to February 28, 2023).

The inclusion criteria were postoperative myopia patients (Group 1
patients were confirmed with no history of COVID-19 confirmed by
negative COVID-19 nucleic acid testing or antigen testing before
February 28, 2022; Group 2 patients had a previous history of asymp-
tomatic or mild COVID-19 infection within 3 months confirmed by
positive COVID-19 nucleic acid testing or antigen testing). All patients
finished postoperative visits at the out-patient clinic at 1 month and 3
months with complete medical records including visual acuity, corneal
topography, and Oculus Keratography analysis. The exclusion criteria
included moderate to severe COVID-19 infection, previous ocular sur-
gery, severe dry eyes, keratoconus, topographic suspicion of keratoconus,
ocular trauma, surgical complications, cataract, glaucoma, uveitis, reti-
nopathy, pregnancy, breastfeeding, and systematic disease that could be
accompanied by severe dry eyes, such as diabetes mellitus and connec-
tive tissue disorders. Soft contact lens or rigid gas permeable contact lens
users were excluded. The study design flowchart was shown in Fig. 1.

2.2. Collection and analysis of higher-order aberrations (HOAs) and dry
eye paremeters

Medical records and dry eye parameters including age, gender, sur-
gery records, intraocular pressure, spherical equivalence, corrected
of the study.
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visual acuity (CDVA, LogMAR) measured with logarithmic visual acuity
chart, automatic tear meniscus height (TMH), first and mean non-
invasive breakup time (NIBUT), bulbar redness, and limbal redness
were collected (Oculus Keratography, Oculus Optikger€ate GmbH). Indi-
vidual Zernike coefficients of 3rd-to 6th-order HOAs were exported from
corneal topography (Pentacam HR, Oculus Optikger€ate GmbH). The
OSDI scores were collected through teleconsultation in 3 subscales:
typical symptom (3 questions), vision function (6 questions), and envi-
ronmental triggers (3 questions). Participants were classified into 4
different categories of the dry eye based on total OSDI score: normal
(score 0–12), mild (score 13–22), moderate (score 23–32), and severe
(score 33–100).15
2.3. Statistical analysis

Statistical analysis was performed using SPSS (version 21.0, IBM
Corp.). Quantitative data was presented by mean � standard deviation,
and the categorical data was presented by percentage. The Kolmogor-
ov–Smirnov test was used for the normality of the data. For quantitative
data, the difference among the three groups was evaluated by one-way
ANOVA, and the student's t-test was used to calculate the difference
between the 2 groups. For categorical data, the chi-square test or the
fisher's exact test was used. Pearson's correlation test was used for cor-
relation analysis between corneal HOA changes and dry eye parameters.

3. Results

A total of 43 eyes of 23 patients and 45 eyes of 26 patients were
included in Group 1 and Group 2, respectively. The preoperative baseline
characteristics of 2 groups were comparable (Table 1). The pre-operative
dry eye severity assessed by TMH, first NIBUT, and the mean NIBUT, did
not significantly differ between the 2 groups (Table 1, P ¼ 0.619, P ¼
0.577, P ¼ 0.791, respectively). Furthermore, there was no significant
difference in corneal topography parameters, including flat keratometry,
steep keratometry, and astigmatism magnitude between the 2 groups
(Table 1, P ¼ 0.926, P ¼ 0.987, and P ¼ 0.587, respectively).
3.1. Visual acuity and refractive outcomes

The percentage of CDVA equal to or better than 20/20 showed no
significant difference between groups both at 1 month (Fig. 2A, Table 2,
P ¼ 0.584) and 3 months (Fig. 2C–Table 2, P ¼ 0.326). Similarly, the
percentage of spherical equivalent refraction (SER) within �0.50 D
showed no significant difference between groups both at 1 month
(Fig. 2B–Table 2, P ¼ 0.085) and 3 months (Fig. 2D–Table 2, P ¼ 0.326).
However, the CDVA (logMAR) at 3 months postoperatively in Group 1
Table 1
Pre-operative baseline characteristic of included patients.

Group 1 Group 2 P value

Number 43 eyes (23 patients) 45 eyes (26 patients) –

Age 27.2 � 6.2 29.4 � 5.7 0.117
Sex 4 males (17.4%) 5 males (19.2%) 0.868
MRSE �4.86 � 1.57 �4.76 � 1.48 0.744
CCT 537.77 � 19.19 542.61 � 20.22 0.251
IOP 14.83 � 2.17 14.42 � 2.52 0.411
Kf 42.74 � 1.22 42.76 � 1.38 0.926
Ks 43.87 � 1.24 43.86 � 1.36 0.987
Astig 1.14 � 0.52 1.07 � 0.68 0.587
TMH 0.20 � 0.05 0.19 � 0.05 0.619
First NIBUT 6.45 � 2.80 6.09 � 3.32 0.577
Mean NIBUT 7.71 � 2.41 7.86 � 2.75 0.791

MRSE - mean refractive spherical equivalent, CCT - central corneal thickness, IOP
- intraocular pressure, Kf - flat keratometry, Ks - steep keratometry, Astig -
Astigmatism magnitude, TMH - tear meniscus height, NIBUT - non-invasive
break-up time.
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was significantly higher than in Group 2 (0.011 � 0.027 vs. � 0.001 �
0.007, P < 0.001) (Fig. 2C–Table 2).

3.2. OSDI scores after COVID-19 infection

The OSDI scores were collected by telephone from all included pa-
tients. In Group 2, we further divided patients into two categories based
on the time interval between COVID-19 infection and SMILE as within 1
month (n ¼ 13) and more than 1 month (n ¼ 13). ANOVA revealed a
significant difference among the three groups (P< 0.01). The OSDI score
was significantly higher for patients in Group 2 than in Group 1 (Fig. 3,
18.3 � 10.0 vs. 5.3 � 3.9, P < 0.001). Patients who underwent SMILE
within 1 month after COVID-19 infection showed significantly higher
OSDI scores than those who operated more than 1 month after infection
(Figs. 3 and 23.0 � 8.3 vs. 13.6 � 9.6, P < 0.001). Notably, even after 1
month, patients in Group 2 still had a mild dry eye with significantly
higher OSDI scores than Group 1 (Figs. 3 and 13.6 � 9.6 vs. 5.3 � 3.9, P
< 0.001). The higher OSDI score in Group 2 indicated COVID-19 infec-
tion exacerbated the severity of dry eye after SMILE, and may persist for
more than one month.

3.3. Oculus keratography analysis

The preoperative baseline characteristics of corneal topography (flat
keratometry, steep keratometry, and astigmatism) and dry eye severity
(TMH, first NIBUT, and mean NIBUT) were comparable between the 2
groups (Table 1).

The post-operative TMH, first NIBUT, and mean NIBUT were com-
parable between the 2 groups both at 1 month and 3 months (Table 3).
Limbal and bulbar redness classification was also one of the measure-
ments to evaluate dry eye disease.16 Evaluation of limbal and bulbar
redness using the oculus keratography analysis indicated significantly
higher redness indices in Group 2 compared to Group 1 at 1 month
(Table 3, P < 0.05 for total bulbar, nasal bulbar, and temporal limbal; P
< 0.01 for nasal limbal) and at 3 months (Table 3, P < 0.01 for total
bulbar, nasal bulbar, temporal bulbar, nasal limbal, and temporal lim-
bal). However, no significant difference was observed in TMH, NIBUT,
and redness index in both groups between 1 month and 3 months.

In our study, no patients reported conjunctivitis, ocular pain, or
discharge. Although TMH and NIBUT were not affected, the higher
bulbar and limbal redness indices in Group 2 indicated more severe dry
eye or conjunctival congestion as signs of inflammation related to ocular
manifestation developed during or after COVID-19 infection.

3.4. Corneal HOAs changes

There was no significant difference in central corneal thickness,
anterior corneal flat keratometry, and steep keratometry between the 2
groups at 3 months, which indicated no obvious edema or thickening of
the cornea (Table 4). We further analyzed the corneal HOAs between 2
Groups. Preoperative corneal HOAs were comparable between 2 groups
(Table 4). Significant changes were found in Z (4, 0) (spherical aberra-
tion, SA) of the 4 mm zone at 1 month and 3 months, and Z (4, 0) of the 6
mm zone at 3 months (Table 4). However, further Pearson's correlation
analysis between Z (4, 0) of the 4 mm zone with redness showed no
statistically significant correlations (Table 5).

4. Discussion

COVID-19 infection affected multiple organs, including the eyes.17

The eye transmission route speculations involved the conjunctiva
angiotensin-enzyme II binding mode or the tears-nasolacrimal duct
route.18 The incidence of ocular manifestations in COVID-19 patients has
been reported as high as 30%,19 including conjunctivitis (86.4%), ocular
pain (34.4%), dry eye (33.3%), and floaters (6.7%).20 At the beginning of
the pandemic, a lot of physicians described eye redness, irritation, or



Fig. 2. Visual acuity and refractive outcomes after SMILE in 2 groups. Cumulative postoperative corrected distance visual acuity (CDVA) for SMILE at 1 month (A:
97.67% of Group 1 and 95.56% of Group 2 achieved CDVA equal to or better than 20/20) and 3 months (C: 100% of Group 1 and 97.78% of Group 2 achieved CDVA
equal to or better than 20/20). Spherical equivalent refraction (SER) after SMILE at 1 month (B: 100% of Group 1 and 93.34% of Group 2 achieved SER within �0.50
D) and 3 months (D: 100% of Group 1 and 97.78% of Group 2 achieved SER within �0.50 D).
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"conjunctival congestion" among patients in Wuhan, China. A
cross-sectional study identified acute conjunctivitis in approximately
11.6% of COVID-19 cases.21 In our study, we found significant differ-
ences in OSDI scores, bulbar redness, and limbal redness rather than in
TMH or NIBUT. Though the secretion of tears has not been significantly
affected, the higher OSDI scores and redness indices indicated more se-
vere dry eye disease after COVID-19 infection.22 Regarding the ocular
manifestations, we observed among postoperative patients of refractive
surgery, a conventional treatment may not be sufficient to alleviate
symptoms and prevent possible complications. An optimized treatment
strategy may need more attention and further study.

Though most patients recovered from COVID-19 within a few weeks,
many experienced long-lasting problems or symptoms,23 especially those
with autoimmune diseases.24 A study assessing 6-month consequences of
COVID-19 in patients discharged from the hospital reported common
symptoms such as fatigue or muscle weakness (52%), sleep difficulties
(26%), anxiety or depression (23%).25 In a meta-analysis, the prevalence
was even higher with 45% of depression, 47% of anxiety, and 34% of
sleeping disturbances, respectively.26 Sleep disorders correlated signifi-
cantly with the severity of dry eye.27 Sleep deprivation or circadian
rhythms disturbances led to shortened TBUT, reduced tear secretion, and
disrupted the levels of circulating or tear film secretion and composition,
further resulting in health issues including insulin resistance, poor gly-
cemic control, and obesity.7 Other mechanisms linking sleep disorders to
dry eye included disorders in hormone metabolism28 and physiological
emotion.29 Overall, tear alterations may be a potential factor linking
sleep disturbance and dry eye. COVID-19 infection involves manifesta-
tions including fatigue, emotional change, and ocular ingestion or
infection, which may result in reduced sleep duration and circadian
rhythm disturbances, thus aggravating dry eye severity. Though the
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incidence of dry eye increased after COVID-19, no significant difference
in preoperative dry-eye parameters was found in this study. These may be
due to the appropriate treatment in the condition of abnormal dry-eye
parameters or severe dry-eye symptoms before SMILE. In our previous
practice, patients without obvious respiratory symptoms or dry-eye
symptoms were allowed to undergo SMILE. However, in this study, we
found higher OSDI scores among those who underwent SMILE within 1
month after COVID-19 infection than uninfected group and more than 1
month group. We supposed that dry eye was easily triggered and exac-
erbated by SMILE surgery, even if appropriate treatment alleviated
symptoms within a month of COVID-19 infection. Our results demon-
strated that an optimized and prolonged dry-eye treatment may be
needed for COVID-19 infected patients before refractive surgery.

Visual impairment has been reported in approximately 16% of
COVID-19 patients.17 The possible sight-threaten ocular complications
after COVID-19 infection included: uveitis, cotton wool spots, retinal
hemorrhages, retinal artery/vein occlusion, ophthalmic artery occlusion,
and central serous retinopathy.30,31 COVID-19 was confirmed to exac-
erbate dry eye.20 Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) on the ocular surface epithelial cells and glands may cause
a microenvironment alteration, instability of the tear film, and ocular
inflammation indicated by bulbar or limbal redness.32 Worse scores of
OSDI and shorter TBUT were associated with worse visual acuity and
contrast sensitivity, respectively.33 There was also a significantly nega-
tive correlation between TBUT and the HOA progression index, and a
significantly positive correlation between OSDI scores and the HOA
progression index.34 In our study, the COVID-19 infected group exhibited
higher OSDI scores, higher bulbar/limbal redness, and higher HOAs.
Thereby, worse dry eye parameters probably contributed to worse HOAs,
thus resulting the reduced CDVA in the COVID-19 infected group.



Table 2
Visual acuity and refractive outcomes after SMILE in 2 groups.

Group 1 Group 2

CDVA at 1 month
(logMAR)

�20/12.5 0 0
�20/16 0 1 (2.22%)
�20/20 42 (97.67%) 43 (95.56%)
�20/25 43 (100%) 45 (100%)
�20/32 43 (100%) 45 (100%)
�20/40 43 (100%) 45 (100%)
�20/63 43 (100%) 45 (100%)
total 0.006 � 0.037 0.003 � 0.018

CDVA at 3 months
(logMAR)

�20/12.5 0 0
�20/16 0 0
�20/20 43 (100%) 44 (97.78%)
�20/25 43 (100%) 45 (100%)
�20/32 43 (100%) 45 (100%)
�20/40 43 (100%) 45 (100%)
�20/63 43 (100%) 45 (100%)
total 0.011 � 0.027 �0.001 � 0.007**

SER at 1 month (D) <-1.00 0 2 (4.44%)
�1.00 to �0.51 0 0
�0.50 to �0.14 4 (9.30%) 0
�0.13 to þ0.13 37 (86.04%) 36 (80.00%)
þ0.14 to þ0.50 2 (4.65%) 6 (13.33%)
þ0.51 to þ1.00 0 1 (2.22%)
>þ1.00 0 0

SER at 3 months (D) <-1.00 0 0
�1.00 to �0.51 0 0
�0.50 to �0.14 2 (4.65%) 3 (6.67%)
�0.13 to þ0.13 41 (95.35%) 38 (84.44%)
þ0.14 to þ0.50 0 3 (6.67%)
þ0.51 to þ1.00 0 1 (2.22%)
>þ1.00 0 0

CDVA - corrected distance visual acuity, SER - Spherical equivalent refraction. **:
test significant at P < 0.01 compared to Group1.

Fig. 3. OSDI scores after SMILE in 2 groups. OSDI scores were 5.3 � 3.9, 13.6 �
9.6, 23.0 � 8.3 in Group 1, Group 2 (>1m) and Group 2 (�1m), respectively.
Group 1: no COVID-19 infection. Group 2 (>1m): the time between COVID-19
infection and SMILE as more than 1 month in Group 2; Group 2 (�1m): the
time between COVID-19 infection and SMILE as within 1 month in Group 2. **:
test significant at P < 0.01.

Table 3
Post-operative Oculus Keratography parameters.

Group 1 Group 2 P value

TMH, 1m 0.18 � 0.05 0.20 � 0.06 0.296
First NIBUT, 1m 5.95 � 2.79 6.42 � 2.95 0.441
Mean NIBUT, 1m 7.97 � 2.13 8.43 � 2.53 0.357
Total bulbar redness, 1m 0.70 � 0.41 0.89 � 0.33 0.021*
Nasal bulbar redness, 1m 0.69 � 0.50 0.91 � 0.38 0.026*
Temporal bulbar redness, 1m 0.76 � 0.40 0.93 � 0.42 0.051
Nasal limbal redness, 1m 0.35 � 0.28 0.53 � 0.35 0.009**
Temporal limbal redness, 1m 0.38 � 0.35 0.57 � 0.42 0.022*

TMH, 3m 0.19 � 0.04 0.19 � 0.05 0.577
First NIBUT, 3m 6.85 � 3.30 6.58 � 3.48 0.700
Mean NIBUT, 3m 8.65 � 2.53 7.88 � 3.12 0.210
Total bulbar redness, 3m 0.68 � 0.35 0.96 � 0.29 0.000**
Nasal bulbar redness, 3m 0.67 � 0.42 1.03 � 0.48 0.000**
Temporal bulbar redness, 3m 0.73 � 0.39 1.00 � 0.39 0.001**
Nasal limbal redness, 3m 0.31 � 0.22 0.67 � 0.37 0.000**
Temporal limbal redness, 3m 0.34 � 0.29 0.63 � 0.35 0.000**

TMH - tear meniscus height, NIBUT - non-invasive break up time. *: test signif-
icant at P< 0.05 compared to Group1; **: test significant at P< 0.01 compared to
Group1.

Table 4
Comparison of corneal HOAs changes.

Group 1 Group 2 P value

Corneal topography
(3 month)

CCT 440.60 � 26.44 453.11 � 22.39 0.018*
Kf 38.72 � 1.52 38.72 � 1.78 0.997
Ks 39.48 � 1.66 39.51 � 1.89 0.952
Astig 0.79 � 0.37 0.78 � 0.44 0.907

4 mm zone tHOAs
pre

0.111 � 0.037 0.104 � 0.037 0.424

tHOAs
1m

0.154 � 0.056 0.145 � 0.046 0.420

tHOAs
3m

0.162 � 0.058 0.152 � 0.050 0.420

Z (4, 0)
pre

0.044 � 0.020 0.037 � 0.019 0.114

Z (4, 0)
1m

0.003 � 0.033 0.028 � 0.029 0.000**

Z (4, 0)
3m

�0.009 � 0.042 0.019 � 0.025 0.000**

6 mm zone tHOAs
pre

0.389 � 0.075 0.360 � 0.075 0.073

tHOAs
1m

0.619 � 0.158 0.563 � 0.148 0.088

tHOAs
3m

0.617 � 0.160 0.576 � 0.156 0.219

Z (4, 0)
pre

0.240 � 0.065 0.233 � 0.071 0.652

Z (4, 0)
1m

0.306 � 0.109 0.342 � 0.116 0.136

Z (4, 0)
3m

0.283 � 0.102 0.334 � 0.109 0.026*

CCT - central corneal thickness, Kf - flat keratometry, Ks - steep keratometry,
Astig- Astigmatism magnitude, tHOAs - total higher�order aberrations. *: test
significant at P < 0.05. **: test significant at P < 0.01.

Table 5
Pearson's correlation coefficient between Z (4, 0) of 4 mm zone and redness.

Z (4, 0) 1m Z (4, 0) 3m

Total bulbar redness �0.058 �0.047
Nasal bulbar redness �0.024 �0.037
Temporal bulbar redness �0.065 �0.034
Nasal limbal redness �0.003 0.005
Temporal limbal redness 0.124 0.127
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However, the mechanism and corresponding treatment strategies may
need further study.

The ocular manifestations played an important role at different stages
of COVID-19, potentially offering early warnings for adjusting
153
therapeutic strategies.35 Timely ophthalmic care was essential for pa-
tients who experienced significant vision loss, as delays in outpatient
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ophthalmic care may result in worse visual prognoses.36 This study
contributed insights into outpatient ophthalmic care for patients after
corneal refractive surgery during and after the COVID-19 pandemic.

Our study still have several limitations. Firstly, we mainly focused on
the dry eye parameters and visual acuity of post-SMILE patients with
COVID-19 infection, whereas some other ocular conditions like
conjunctivitis, ocular pain, floaters, and fundus complications were not
evaluated comprehensively. Secondly, as a retrospective study, dry eye
parameters including limbal redness and HOAs were not routinely con-
ducted in all post-SMILE surgery, thus the comprehensiveness of quali-
fied participants might be limited to some extension. Moreover, the
influence of medications during COVID-19 infection was commonly used
from 1 to 3 days in this study, which could be a potential confounding
factor. It's challenging to predict a pandemic of COVID-19 and design a
prospective study in advance. Nevertheless, our study sugguests that the
appropriate treatment to alleviate the relevant ocular symptoms and
complications is beneficial to secure a better outcome of surgery.

5. Conclusions

In conclusion, COVID-19 infection impaired visual acuity, optical
quality and aggravated dry eye severity among postoperative SMILE
patients compared to control group.
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