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Impact of Topical 0.05% Cyclosporine A Eye Drops on
Post–Femtosecond-Assisted Laser In Situ Keratomileusis Ocular

Surface Recovery: A Randomized Clinical Trial

Lu Zhao, M.D., Hongyu Duan, Ph.D., Baikai Ma, Ph.D., Tingting Yang, M.S., Yifan Zhou, Ph.D., Yilin Liu, M.D.,
Jiawei Chen, M.S., Yueguo Chen, M.D., and Hong Qi, M.D., Ph.D.

Objectives: To investigate the effect of topical 0.05% cyclosporine A
(CsA) eye drops as an adjunct to conventional therapy in maintaining
post–femtosecond-assisted laser in situ keratomileusis (FS-LASIK) ocular
surface stability.
Methods: Sixty-six patients (eyes) undergoing FS-LASIK were random-
ized into 2 groups: 33 patients (eyes) in group I (conventional treatment
group) and 33 patients (eyes) in group II (CsA group). Conventional treat-
ments include topical levofloxacin, fluorometholone, and artificial tears.
Group II received topical 0.05% CsA eye drops twice daily for three months
in addition to conventional treatment. Ocular Surface Disease Index (OS-
DI), numerical rating scale (NRS), tear break-up time (TBUT), Schirmer I
test (SIt), corneal fluorescein staining (CFS), conjunctival lissamine green
(LG) staining, corneal sensitivity, and corneal nerve morphology were
measured. In addition, tear inflammatory cytokine levels were measured
using the Luminex assay. Follow-up was performed preoperatively and 1
and 3 months postoperatively.
Results: In the CsA group, OSDI, TBUT, LG, corneal sensitivity, and
corneal nerve fiber total branch density recovered better than in the
conventional treatment group. As for tear inflammatory cytokines, inter-
feron (INF) -g, interleukin (IL)-10, and IL-6 levels were significantly higher
in the conventional treatment group as compared with the CsA group. In

addition, no significant differences in NRS, SIt, and CFS scores were
observed between the two groups.
Conclusion: In conclusion, 0.05% CsA eye drops is a useful adjunct to
conventional treatment for restoring the ocular surface stability after corneal
refractive surgery and is more potent in sustaining anti-inflammatory ef-
fects.

Key Words: Dry eye disease—Post-FS-LASIK—Ocular surface—Corneal
nerves—Inflammatory cytokines—Treatment.
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F emtosecond-assisted laser in situ keratomileusis (FS-LASIK)
is one of the most common refractive surgeries. It involves

the creation of a corneal flap using a femtosecond laser, followed
by excimer laser ablation of the stromal layer. The cutting of sub-
basal nerve fibers and the release of inflammatory mediators caused
by laser application are both related to postoperative dry eye dis-
ease (DED).1 Postoperative DED affects approximately 94.8% of
patients at 1 day, 85.4% at 1 week, and 59.4% at 1 month.2 While
DED typically manifests transiently in the early postoperative
period, it can progress and develop into a chronic condition.
Approximately 8% to 20% of patients experience chronic DED
for more than 6 months,3–5 leading to significant patient dissatis-
faction and discomfort.
Chronic inflammation is increasingly recognized as an important

factor in ocular surface instability, especially after refractive
surgery.6 Topical corticosteroids are effective anti-inflammatory
drugs, but their long-term use is limited by adverse ocular reac-
tions, high intraocular pressure, cataracts, and other complica-
tions.7 Nonsteroidal anti-inflammatory drugs (NSAIDs) are
a feasible option for controlling ocular inflammation; however,
studies have shown that their long-term use may be related to
corneal melting, which limits their long-term use.7,8 Ocular surface
inflammation following corneal refractive surgery may persist for
a long time. Clinically, safer anti-inflammatory drugs are needed to
maintain ocular surface homeostasis in patients after corneal refrac-
tive surgery. However, the effects of conventional artificial tears
are single, and the effects are limited.
Cyclosporine A (CsA), a nonsteroidal antiapoptotic agent and

T-cell proliferation inhibitor, was approved by the Food and Drug
Administration of the United States in 2002 for the treatment of dry
eye.9 Previous studies showed that 0.05% cyclosporine A eye
drops was widely used to improve the symptoms and signs of
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patients with DED.10 Corneal nerve disruption triggers a cascade of
inflammatory events that exacerbate the underlying tear film insta-
bility, which has been suggested as a causative factor for postre-
fractive surgery DED.11 The aim of this study is to investigate the
effect of topical 0.05% CsA eye drops as an adjunct to standard
medical therapy for the recovery of post-FS-LASIK ocular surface
stability.

MATERIALS AND METHODS

Participants
Participants eligible for inclusion were candidates for bilateral

FS-LASIK, aged between 20 and 45 years, with a spherical range
from 22.00 D to 29.00 D, cylinder less than 23.00 D, and stable
refraction for 2 years. All participants had discontinued corneal
contact lens wear for at least 2 weeks for soft lenses and 4 weeks
for rigid gas-permeable lenses. Participants were excluded if they
had active ocular diseases, such as corneal keratitis, keratoconus, or
severe dry eye, or systemic diseases likely to cause potential sec-
ondary effects on the ocular surface, such as diabetes or connective
tissue disease. Pregnant and nursing mothers were excluded from
this study.
Sample size calculation for this study was conducted using

PASS 15.0 software, with the primary outcome measure being the
difference in OSDI scores between postrefractive surgery patients
with and without cyclosporine A treatment, as documented in
previous studies.12 Based on the mean OSDI scores and their stan-
dard deviations, assuming an alpha error of 0.05 and a power of
0.80, the calculated sample size required for statistical significance
was 26 participants in each group. Assuming a 20% dropout, we
increased the sample size accordingly, resulting in 33 participants
needed per group. All tests were performed on both eyes, only the
data from the right eye were used for analysis.

Methods
We performed a prospective randomized controlled trial in 66

patients who underwent FS-LASIK at a tertiary care ophthalmic
center. This study was approved by the Ethics Committee of the
Peking University Third Hospital and followed the principles of
the Declaration of Helsinki (registration number: M2021398).
Written informed consent was obtained from all the participants.
This study is registered with the identifier NCT06043908 at
ClinicalTrials. gov.
Sixty-six eyes from 66 patients were randomly assigned to 2

groups: 33 eyes in group I (Conventional treatment group) and
33 eyes in group II (CsA group), with an allocation ratio of 1:1
using a computer-generated randomizer. Group I received conven-
tional treatment (routine postoperative regimen prescribed at our
center): antibiotic eye drops (0.5% levofloxacin, Santen, Japan)
four times daily for 2 weeks post-FS-LASIK. In addition, 0.1%
fluorometholone eye drops (Santen, Japan) was administered four
times daily for the first postoperative week, followed by weekly
tapering, and discontinued four weeks post-FS-LASIK. Artificial
tears (0.1% hyaluronic acid sodium eye drops) (HyloComod, Ur-
sapharm, Saarbrucken, Germany) were prescribed at least four
times per day for 1 month, and thereafter, their use was adjusted
based on individual complaints and signs of dry eye. By contrast,
group II received topical 0.05% cyclosporine A eye drops (Sinqi

Pharmaceutical, Shenyang, China) twice daily for three months, in
addition to conventional postoperative treatment.

Surgery Protocol
All surgeries were performed by the same surgeon (co-author,

C.Y.G.) under topical anesthesia. Simultaneous bilateral proce-
dures were performed on each subject, and only the right eye
was included in this study. The flaps were created using a Wave-
Light FS200 femtosecond laser (Alcon Laboratories Inc, Fort
Worth, TX) with an energy of 0.80 mJ, a thickness of 110 mm,
and a diameter of 8.5 to 9 mm. The hinge position was superior.
Laser ablation was performed using a WaveLight EX500 excimer
laser (Alcon Laboratories Inc, Fort Worth, TX), with an optical
zone of 6.0 to 6.5 mm. Emmetropia was the target postoperative
refraction in all eyes. All the surgical procedures were uneventful.
The participants were examined preoperatively and 1 and 3 months
postoperatively.

Ocular Surface Evaluations
Ocular symptoms were assessed using the Ocular Surface

Disease Index (OSDI) questionnaire.13 The numerical rating scale
(NRS) is generally used to assess the severity of pain (score:
0–10).14 Tear break-up time (TBUT) was evaluated after applying
a fluorescein strip previously moistened with an antiseptic saline
solution to the inferior conjunctival fornix, and the participants
were observed with a cobalt blue filter over the slitlamp biomicro-
scope. Corneal fluorescein staining (CFS) and conjunctival liss-
amine green (LG) staining were evaluated using the National
Eye Institute Workshop guidelines (total score, 0–15)15 and Oxford
grading panel (total score, 0–15),16 respectively. The Schirmer I
test (SIt) was conducted using Schirmer paper strips (5·35 mm)
without anesthesia.

Corneal Sensitivity and Corneal
Nerve Morphology
Corneal sensitivity was assessed using a Cochet-Bonnet esthesi-

ometer (Luneau Ophthalmologie, Chartres Cedex, France), com-
prising a 6.0-cm regolabile nylon monofilament. Starting at 6.0 cm,
the monofilament length was gradually reduced in 5-mm incre-
ments until the first observable reaction occurred. A longer length
indicates a greater corneal sensitivity.17 Evaluations were con-
ducted both at the central cornea and in its peripheral quadrants,
namely, the superior, inferior, nasal, and temporal areas (approxi-
mately 2 mm away from the tangent to the limbus).
Corneal nerve imaging was performed using an in vivo laser

scanning confocal microscope (IVCM) (Heidelberg Retina Tomo-
graph 3/Rostock Cornea Module; Heidelberg Engineering GmbH,
Heidelberg, Germany). Five representative images of the subbasal
plexus nerve of the central cornea were selected for analysis
(resolution: 384·384 pixels; area: 400 mm·400 mm [0.16 mm2]).
Automated analyses of corneal nerve fiber density (CNFD), corneal
nerve branch density (CNBD), corneal nerve fiber length (CNFL),
and corneal nerve fiber total branch density (CTBD) were acquired
from the IVCM scans adopting ACCMetrics software (University
of Manchester, United Kingdom).18–20

Analysis of Tear Cytokine Concentration
Approximately 5 mL of unstimulated basal tears from the right

eye were carefully collected from the lower tear meniscus using
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a clean glass micropipette (Microcaps; Drummond Scientific Co,
Broomall, PA) within a reasonable time frame (up to 5 min) with-
out provoking reflex tear secretion. The samples were promptly
stored at 280°C. The levels of inflammatory cytokines (interferon
[IFN]-g, interleukin [IL]-10, IL-17A, IL-1b, IL-23, IL-6, and
tumor necrosis factor-a [TNF-a]) were detected using the MILLI-
PLEX Human High Sensitivity T Cell Magnetic Bead Panel (Milli-
pore, Billerica, MA).

Statistical Analyses
Statistical analyses were performed using SPSS software

(version 27.0; SPSS Inc, Chicago, IL). Figures were created using
the GraphPad Prism 9.4 software package. The normality assump-
tion was checked using the Shapiro–Wilk test. Linear mixed mod-
els were used to assess the changes in the studied variables over
time between the two groups. The Bonferroni adjustment was used
for multiple comparisons. Statistical significance was set at
P,0.05.

RESULTS

Baseline Measurements
Four patients in group I (conventional treatment group) discon-

tinued treatment at 3 months post-FS-LASIK for nonstudy-related

reasons. No obvious demographic or other differences were found
between the participants and those who completed all visits.
Finally, we analyzed 29 eyes in group I and 33 eyes in group II
(the CsA group). The demographic details and preoperative param-
eters are presented in Table 1. There were no statistically signifi-
cant differences between the two groups in mean age, spherical
equivalent, or ocular surface parameters, including OSDI, TBUT,
CFS, LG, and SIt scores (P.0.05).

Ocular Surface Parameters
There was significantly better recovery in OSDI, TBUT, and LG

scores in the CsA group compared with the conventional treatment
group over time (P¼0.013, P¼0.003, and P¼0.016, respectively)
(Table 2). The mean OSDI scores significantly increased in the two
groups at 1 month postoperatively compared with the preoperative
values. Nevertheless, while the OSDI scores of the CsA group
returned to preoperative levels at 3 months, the conventional treat-
ment group still exhibited higher scores at this time compared with
baseline (Fig. 1). The NRS scores increased at 1 month and
3 months in the conventional treatment group. However, no statis-
tically significant increase was observed at any time point in the
CsA group (Table 2). Tear break-up time scores decreased at
1 month and recovered to preoperative levels at 3 months in the
conventional treatment group. In the CsA group, no significant

TABLE 1. Preoperative Demographic Data of Participants

Basic Information Conventional Treatment Group CsA Group P

Participants/eyes, (n/n) 29/29 33/33
Female/male, (n/n) 25/4 29/4
Age (y), mean (SD) 28.1265.48 29.6965.95 0.284
Spherical equivalent (D), mean (SD) 26.4861.36 25.9561.49 0.179
OSDI (score), mean (SD) 10.2164.63 10.0564.70 0.215
TBUT (s), mean (SD) 5.6463.28 5.5562.44 0.910
CFS (score), mean (SD) 0.3960.90 0.3460.67 0.810
LG (score), mean (SD) 0.4561.09 0.2460.69 0.370
Schirmer I test (mm), mean (SD) 16.8269.71 15.8668.25 0.680

n, number; y, year; D, diopter; OSDI, Ocular Surface Disease Index; TBUT, tear break-up time; CFS, corneal fluorescein staining; LG,
lissamine green.

The two groups were compared using the independent samples t test.

TABLE 2. Ocular Surface Parameters of Participants Over Time

Ocular Symptoms and Signs Group Pre-op Post-op 1m Post-op 3m P

OSDI (score), mean (SD) Conventional treatment group 10.5564.73 17.2067.75a 16.6666.38b 0.013
CsA group 10.0564.70 14.7168.68a 10.7765.72

NRS (score), mean (SD) Conventional treatment group 0.3660.55 0.7960.86a 0.6760.60b 0.101
CsA group 0.3460.61 0.4560.95 0.3160.71

TBUT (s), mean (SD) Conventional treatment group 5.6463.29 2.8861.73a 4.1262.25 0.003
CsA group 5.5562.44 4.4562.18 5.6662.72

CFS (score), mean (SD) Conventional treatment group 0.2160.59 1.5462.55a 0.6361.74 0.623
CsA group 0.3460.67 1.2161.67a 0.3860.72

LG (score), mean (SD) Conventional treatment group 0.3360.96 0.9261.32 0.5860.88 0.016
CsA group 0.2460.69 0.4560.91 0.3160.85

Schirmer I test (mm), mean (SD) Conventional treatment group 16.6769.79 15.6369.28 12.8867.87 0.139
CsA group 15.8668.26 17.3168.69 21.6269.14

aIn both groups, the changes in values 1 month postoperatively were significantly different compared with the preoperative values.
bIn both groups, the changes in values 3 months postoperatively were significantly different compared with the preoperative values.

OSDI, Ocular Surface Disease Index; NRS, numerical rating scale; TBUT, tear break-up time; CFS, corneal fluorescein staining; LG, lissamine
green; pre-op, preoperatively; post-op, postoperatively.

P-value indicates a significant difference in values between the conventional treatment group and the CsA group over time with a mixed
linear model.
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differences were noted between the preoperative and postoperative
TBUT levels (Table 2, Fig. 1). Lissamine green scores were sig-
nificantly higher in the conventional treatment group than in the
CsA group. No significant changes in the LG scores were observed
in either group at 1 month or 3 months compared with baseline
(Table 2, Fig. 1). The CFS scores for both groups increased at
1 month after surgery compared with baseline. However, no sig-
nificant differences were observed in the CFS scores for both
groups between 3 months and baseline (Table 2). In addition, no
differences in the SIt and CFS scores were observed between the
two groups (Table 2).

Corneal Sensitivity and Corneal
Nerve Morphology
The postoperative corneal sensitivity and corneal nerve density

decreased significantly in both groups (Table 3). The superior,
inferior, and mean corneal sensitivities were significantly better
recovery in the CsA group than in the conventional treatment
group over time (P¼0.044, P¼0.031, and P¼0.039, respectively)
(Table 3, Fig. 2). The central, nasal, and temporal corneal sensi-
tivities were comparable between the two groups (Table 3).
Regarding corneal nerve morphological parameters, CTBD was
significantly better recovery in the CsA group than in the

FIG. 1. Changes in OSDI (A), TBUT (B), and LG (C) scores over time for both groups. OSDI, Ocular
Surface Disease Index; TBUT, tear break-up time; LG, lissamine green. Blue asterisks indicate significant
within-group differences for the CsA group at postoperative time points compared with the baseline.
Red asterisks indicate significant within-group changes for the conventional treatment group. Black
asterisks between the two lines highlight significant differences between the CsA and conventional
treatment groups over time. *P,0.05; **P,0.01; ***P,0.001; ns, no significance.

TABLE 3. Ocular Surface Parameters of Participants Over Time

Characteristics Group Pre-op Post-op 1m Post-op 3m P

Corneal sensitivity (cm)
Central, mean (SD) Conventional treatment group 5.9260.18 2.1760.84a 3.8560.66b 0.373

CsA group 5.9360.18 2.2460.90a 4.0060.63b

Superior, mean (SD) Conventional treatment group 5.8860.25 4.4160.51a 4.9660.36b 0.044
CsA group 5.9560.16 4.6060.43a 5.1060.31b

Inferior, mean (SD) Conventional treatment group 5.9160.20 4.4960.48a 4.8960.30b 0.031
CsA group 5.8960.21 4.6060.57a 5.0160.09b

Nasal, mean (SD) Conventional treatment group 5.9760.12 4.6260.60a 4.9160.29b 0.120
CsA group 5.9860.09 4.6260.37a 5.0060.19b

Temporal, mean (SD) Conventional treatment group 5.9760.17 4.5960.44a 4.9260.25b 0.186
CsA group 5.9760.13 4.6960.45a 4.9860.09b

Mean, mean (SD) Conventional treatment group 5.9360.11 4.0660.33a 4.7160.26b 0.039
CsA group 5.9460.06 4.1560.34a 4.8260.17b

Corneal nerve parameters
CNFD (n/mm2), mean (SD) Conventional treatment group 25.8364.47 0.2260.59a 2.7263.14b 0.219

CsA group 27.3967.31 0.5361.08a 3.3862.35b

CNBD (n/mm2), mean (SD) Conventional treatment group 44.22616.05 0.0760.32a 2.6064.58b 0.081
CsA group 49.12622.45 0.3861.12a 5.3665.36b

CNFL (mm/mm2), mean (SD) Conventional treatment group 17.0162.34 2.9662.59a 5.0161.98b 0.212
CsA group 17.8663.13 2.8061.70a 5.6161.98b

CTBD (n/mm2), mean (SD) Conventional treatment group 73.47624.30 3.2262.71a 14.6469.59b 0.003
CsA group 74.96640.61 8.47610.04a 20.05615.01b

aIn both groups, the changes in values 1 month postoperatively were significantly different compared with the preoperative values.
bIn both groups, the changes in values 3 months postoperatively were significantly different compared with the preoperative values.

CNFD, corneal nerve fiber density; CNBD, corneal nerve branch density; CNFL, corneal nerve fiber length; CTBD, corneal nerve fiber total
branch density; pre-op: preoperatively; post-op: postoperatively.

P-value indicates a significant difference in values between the conventional treatment group and the CsA group over time with a mixed
linear model.
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conventional treatment group over time (P¼0.003) (Table 3,
Fig. 3). The CsA and conventional treatment groups exhibited
comparable CNFD, CNBD, and CNFL levels (Table 3).

Tear Inflammatory Cytokines and
Neuropeptide Concentrations
The increase in postoperative INF-g, IL-10, and IL-6 levels from

baseline was significantly greater in the conventional treatment
group compared with the CsA group (P¼0.025, P¼0.013,
P¼0.008) (Table 4, Fig. 4). Tear IL-17A, IL-1b, IL-23, and
TNF-a levels showed no statistically significant differences
between the CsA group and the conventional treatment group
(Table 4). In the conventional treatment group, there was a statisti-
cally significant increase in INF-g, IL-10, IL-b, and TNF-a levels
at 1 month and 3 months compared with baseline. However, no
significant increases in the levels of these cytokines were observed
in the CsA group (Table 4).

DISCUSSION
In this study, we observed that corneal refractive surgery altered

tear film stability and changed the ocular surface state. The use of

0.05% CsA treatment was associated with a significant improve-
ment in ocular dry eye symptoms and contributed to the rapid
improvement of ocular parameters and ocular inflammation.
In recent years, significant attention has been paid to post-

operative dry eye. Ocular surface inflammation contributes to dry
eye disease and also has been observed in patients who have
undergone corneal refractive surgery, resulting in a reduction in
tear production. Topical steroids reduced ocular surface inflamma-
tion, which is an essential component of postoperative medication,
in the entire study population. However, long-term use of topical
glucocorticoids can lead to complications, such as steroid-induced
glaucoma and cataracts.21 Furthermore, 0.05% cyclosporine emul-
sion drops (Restasis, Allergan Inc, CA) is an immunosuppressive
agent widely used to treat various autoimmune diseases and has
been approved by the United States Food and Drug Administration
(FDA) for treating DED.9,22 This has been supported by human
and animal studies showing that cyclosporine restores the body’s
ability to produce natural, healthy tears, thereby relieving the over-
all dry eye condition.22–26 However, Restasis uses oil-in-water
emulsion to deliver cyclosporine to the ocular surface, but reports
of ocular intolerance, ocular discomfort, or visual disturbances
have also been noted.27 In our study, we utilized 0.05%

FIG. 2. Changes in central (A), superior (B), nasal (C), temporal (D), inferior (E), and mean corneal
sensitivity (F) over time for both groups. Blue asterisks indicate significant within-group differences for
the CsA group at postoperative time points compared with the baseline. Red asterisks indicate signifi-
cant within-group changes for the conventional treatment group. Black asterisks between the two lines
highlight significant differences between the CsA and conventional treatment groups over time.
*P,0.05; **P,0.01; ***P,0.001; ns, no significance.
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cyclosporine A eye drops produced by Shenyang Sinqi Pharma-
ceutical Co, Ltd. This medication, a generic version of Restasis,
employs Ailic-Tech nano-microemulsion technology. This results
in a colorless, transparent microemulsion that significantly reduces
the common adverse reactions associated with ocular intolerance.
In addition, our study not only considered ocular symptoms and

signs but also included assessments of corneal nerves, corneal
sensitivity, and tear inflammatory cytokines. This approach allows
for a more comprehensive analysis of ocular surface recovery fol-
lowing FS-LASIK with the combined use of 0.05% CsA eye drops.
In this study, patients treated with CsA showed faster improve-

ment in dry eye-associated symptoms compared with conventional

FIG. 3. Changes in CNBD (A), CNFD (B), CNFL (C), and CTBD (D) values over time for both groups.
CNFD, corneal nerve fiber density; CNBD, corneal nerve branch density; CNFL, corneal nerve fiber
length; CTBD, corneal nerve fiber total branch density. Blue asterisks indicate significant within-group
differences for the CsA group at postoperative time points compared with the baseline. Red asterisks
indicate significant within-group changes for the conventional treatment group. Black asterisks between
the two lines highlight significant differences between the CsA and conventional treatment groups over
time. *P,0.05; **P,0.01; ***P,0.001; ns, no significance.
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treatment based on OSDI scores. Our study showed that adminis-
tration of CsA resulted in better stability of the tear film, as dem-
onstrated by the TBUT results. The improvement in tear film
following CsA treatment was accompanied by an improvement
in conjunctival epithelial recovery, as indicated by conjunctive
staining scores. These results confirm that additional CsA treatment
is more effective than conventional treatment in addressing ocular
surface dysfunction in patients with postcorneal refractive surgery.
The patients in this study exhibited a preoperative TBUT of 5.5-6s.
Given that mild dry eye is not a contraindication for FS-LASIK,
these individuals were included in our analysis. Previous research
has demonstrated that the presence of preoperative dry eye can lead
to more severe and/or prolonged dry eye after refractive surgery.28

Therefore, careful attention should be given to the evaluation of
preoperative dry eye in refractive surgery candidates.
Furthermore, in this study, the corneal flap was created

superiorly. Research by Donnenfeld ED et al. indicates that dry

eye signs and symptoms tend to be more severe in eyes with
superior-hinge flaps and milder in those with nasal-hinge flaps.29 In
addition, a meta-analysis covering eight randomized controlled
trials, encompassing a total of 657 eyes, found that the TBUT
was significantly longer and the percentage of patients with CFS
was lower in the horizontal-hinge group compared with the
vertical-hinge group at both 1 and 3 months postoperatively.30

Consequently, it is crucial for patients undergoing FS-LASIK with
superior corneal flaps to focus on early and appropriate medication
use to promote tear film stability.
This finding in this study also indicates that corneal refractive

surgery causes direct damage to the corneal nerve fibers due to the
preparation of the corneal flap. In this study, the corneal nerve
plexus and corneal sensitivity in both groups showed significant
reductions at 1 and 3 months postoperatively. This potentially
explains the alterations in the tear film and the consequent
postoperative discomfort. Corneal innervation is critical for the

TABLE 4. Concentrations of Tear Inflammatory Cytokines of Participants Over Time

Inflammatory Cytokine Concentrations (pg/
mL) Group Pre-op Post-op 1m Post-op 3m P

IFN-g, mean (SD) Conventional treatment group 38.04628.37 116.88652.57a 118.78675.00b 0.025
CsA group 30.38634.26 46.16687.13 42.13692.01

IL-10, mean (SD) Conventional treatment group 48.71628.01 88.78641.64a 96.41642.37b 0.013
CsA group 41.61639.63 60.23696.72 39.67662.52

IL-17A, mean (SD) Conventional treatment group 36.30623.21 48.47638.33 52.55633.43b 0.325
CsA group 34.18627.13 48.95663.24 34.80636.36

IL-1b, mean (SD) Conventional treatment group 3.0262.99 7.8766.57a 9.4667.53b 0.344
CsA group 4.5064.60 7.91612.06 5.6767.98

IL-23, mean (SD) Conventional treatment group 1,598.816963.36 2,115.2464,303.46 2,379.2065,194.68 0.994
CsA group 1,183.246779.40 1,584.4861937.48 1,045.7961,064.67

IL-6, mean (SD) Conventional treatment group 20.29613.56 32.27621.12a 30.18634.32 0.008
CsA group 17.39613.74 20.83622.89 12.53610.34

TNF-a, mean (SD) Conventional treatment group 17.1768.80 30.20623.61a 32.98618.67b 0.735
CsA group 21.99618.00 34.25645.04 23.59620.32

aIn both groups, the changes in values 1 month postoperatively were significantly different compared with the preoperative values.
bIn both groups, the changes in values 3 months postoperatively were significantly different compared with the preoperative values.

INF-g, Interferon-g; IL, interleukin; TNF-a, tumor necrosis factor-a; pre-op, preoperatively; post-op, postoperatively.

P-value indicates a significant difference in values between the conventional treatment group and the CsA group over time with a mixed
linear model.

FIG. 4. Changes in tear INF-g (A), IL-10 (B), and IL-6 (C) levels over time for both groups. INF-g,
interferon-g; IL, interleukin. Blue asterisks indicate significant within-group differences for the CsA group
at postoperative time points compared with the baseline. Red asterisks indicate significant within-group
changes for the conventional treatment group. Black asterisks between the two lines highlight signifi-
cant differences between the CsA and conventional treatment groups over time. *P,0.05; **P,0.01;
***P,0.001; ns, no significance.
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regulation of tear film secretion and corneal trophism because it has
a trophic effect on the maintenance of corneal structure and
function.31 We also observed a positive effect of 0.05% CsA eye-
drops on the number and morphology of the nerve fibers. Corneal
nerve recovery was faster with the additional CsA treatment than
with the conventional treatment. This was accompanied by a similar
improvement in corneal sensitivity.
The key finding of this study was a statistically significant

increase in tear levels of INF-g, IL-10, and IL-6 from the baseline
in the conventional treatment group, whereas the increases
observed after treatment with 0.05% CsA eye drops were not sta-
tistically significant. The corneal wound healing response follow-
ing corneal refractive surgery is considered a complex
inflammatory cascade, including the presence in the tear film of
inflammatory cytokines, leukotrienes, oxygen-free radicals, proteo-
lytic enzymes, and an increase in subbasal dendritic cells in all
sectors of the central area of the cornea, which can be considered
a sign of inflammation due to the release of inflammatory media-
tors.32,33 Previous studies have indicated a reduction in the expres-
sion of IL-6 in the conjunctival epithelium in patients with
moderate to severe dry eye treated with 0.05% cyclosporine A
eye drops for 6 months.25 In cases of chronic dry eye, topical
cyclosporine is believed to function as a partial immunomodulator
and an anti-inflammatory agent, mitigating the activation of T cells
and T-cell–mediated cytokine release.24,34,35 Pflugfelder et al.’s
study36 demonstrated significantly higher levels of IL-1a, IL-6,
IL-8, TNF-a, and TNF-b1 RNA in the conjunctival epithelium
of dry eye patients compared with control patients. However, this
study is the first to demonstrate that additional topical 0.05% CsA
eye drops treatment can significantly decrease several inflamma-
tory markers for ocular surface recovery in postrefractive surgery
patients. Artificial tears are useful for temporary palliative life;
however, they lack the complex mixture of compositions found
in healthy tear films. Therefore, the use of water supplements
and tear retention alone is insufficient. Additional anti-
inflammatory treatments were more effective than conventional
treatments.
However, a previous study37 involving subjects without preop-

erative dry eye who underwent corneal refractive surgery revealed
that additional topical cyclosporin did not provide a benefit for
post-LASIK dry eye, as the additional use of cyclosporin did not
alleviate symptoms or reduce inflammatory markers. This previous
study did not include postoperative ocular surface signs, which is
noteworthy because patients undergoing corneal refractive surgery
may not report obvious ocular symptoms despite having positive
ocular surface signs due to a significant decrease in corneal sensi-
tivity. This highlights for clinicians the importance of paying atten-
tion to ocular surface signs. Furthermore, participants in our study
had a preoperative TBUT of 5.5 to 6 s, with some patients present-
ing mild dry eye, which could lead to a more severe postoperative
ocular surface inflammatory response and more noticeable changes
in inflammatory markers. In comparison, patients without preoper-
ative dry eye may show less variation in postoperative ocular sur-
face inflammation. Moreover, differences in detection methods and
the duration of corticosteroid application could influence the mea-
sured levels of inflammatory markers.
This study has several limitations. First, the follow-up period

was short. In future studies, we plan to extend the follow-up period
and determine the optimal medication duration. Second, we did not

observe whether the patient’s ocular surface condition could con-
tinue to improve after discontinuing the use of 0.05% CsA eye
drops. This aspect is needed to further investigate in the future.
In countries where CsA is not approved for dry eye, steroid eye
drops may be used for a longer period of time, such as 0.1%
fluorometholone eye drops. Future studies are needed to compare
the levels of tear inflammatory cytokines and dry eye conditions
when steroid eye drops are used for a longer period of time to guide
the selection of more suitable and safer precise medication strate-
gies for patients.
Overall, these results showed that corneal refractive surgery

induces widespread and persistent inflammation of the corneal-
conjunctival surface, leading to dry eye-associated signs and symp-
toms. The use of an additional 0.05% CsA eye drops could be
considered a valuable component for postoperative therapeutic
management following corneal refractive surgery.
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