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ABSTRACT

Introduction: Laser in situ keratomelieusis
(LASIK) is one of the most frequently performed
refractive treatments. Dry eye (DE) is common
in patients after LASIK and can be bothersome
postoperatively. Therapies such as intense
pulsed light (IPL), sodium hyaluronate (SH) and
heated eye mask (HEM) have been reported to
improve signs and symptoms of DE .

Aim: Thepurposeof thisprospective studywas to
evaluate and compare the effects of IPL and 0.1%
SH (IPL group, 50 eyes) and IPL in combination
with 0.1% SH and HEM (IPL ? group, 50 eyes) in
participants with persistent post-LASIK DE.
Methods: The final analysis included 100
patients (100 eyes) who had LASIK for myopic
correction and had been experiencing moderate
to severe DE following LASIK for over a year.
Participants were randomly assigned to either
the IPL group (2 IPL sessions) or IPL ? group (2
IPL sessions and daily HEM for 4 weeks), and
both groups continued the use of daily 0.1% SH
(HYLO-COMOD�) preservative-free eye drops.
Non-invasive tear break-up time (NITBUT), tear
film lipid layer (TFLL), lower tear meniscus
height (LTMH), meibomian gland quality
(MGQ), meibomian gland expressibility (MGEx),
corneal fluorescein staining (CFS), ocular surface
disease index (OSDI) and artificial tear usage
(ATU) survey were assessed at baseline (BL) and
follow-up at 2 (F1) and 4 weeks (F2).
Results: Following the treatment protocol, all
dry eye (DE) parameters assessed in this study
improved significantly (P\0.05) in both
groups at F2 compared with their respective BL
measurements. Inter-group comparison at F2
found significant differences in their NITBUT
(IPL: 6.06 ± 0.59 vs. IPL ?: 6.67 ± 0.86,
P\ 0.001), TFLL (IPL: 1.90 ± 0.65 vs. IPL ?:
1.60 ± 0.64, P = 0.021), LTMH (IPL:
0.186 ± 0.053 vs. 0.204 ± 0.034, P = 0.003),
MGQ (IPL: 1.48 ± 0.54 vs. IPL ?: 1.26 ± 0.56,
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P = 0.026), MGEx (IPL: 1.62 ± 0.53 vs. IPL ?:
1.44 ± 0.50, P = 0.038) and OSDI (IPL:
32.54 ± 6.85 vs. IPL ?: 29.76 ± 4.74,
P = 0.001), while CFS score (IPL: 4.02 ± 0.65 vs.
IPL ?: 3.96 ± 0.73, P = 0.652) and ATU (IPL:
1.88 ± 0.63 vs. IPL ?: 1.72 ± 0.50, P = 0.159)
showed no significant difference.
Conclusion: Post-LASIK DE signs and symp-
toms can be improved by combining therapies
such as IPL, HEM and 0.1% SH. Increased TFLL
due to a combination of IPL, 0.1% SH and HEM
had a greater positive impact on the subjective
and objective DE measurements in participants
with persistent post-LASIK DE.

Keywords: Heated eye mask; IPL; Meibomian
glands; Post-LASIK dry eye; Tear film lipid layer

Key Summary Points

Why carry out this study?

Dry eye is common in patients after LASIK
and can be bothersome postoperatively.
Heated eye mask, intense pulsed light and
0.1% sodium hyaluronate have been
found to be beneficial in reducing signs
and symptoms of dry eye.

This study aimed to assess whether the
combination of intense pulsed light with
heated eye mask and 0.01% sodium
hyaluronate (study group) was more
effective than intense pulsed light and
0.01% sodium hyaluronate (active control
group) in participants with post-LASIK dry
eye.

What was learned from the study?

This is the first study to our knowledge to
assess and conclude that combining
intense pulsed light with heated eye mask
and 0.01% sodium hyaluronate is an
effective treatment to ameliorate signs
and symptoms of post-LASIK dry eye.

The combined treatment was found to be
more effective than intense pulsed light
and 0.01% sodium hyaluronate.

Increase in tear film lipid layer may have
been the contributing factor that led to a
greater positive impact on the subjective
and objective dry eye measurements in
participants undergoing combined
treatment.

INTRODUCTION

Refractive interventions such as cataract sur-
gery, photorefractive keratectomy (PRK) [1],
small incision lenticule extraction (SMILE) [2]
and femtosecond laser-assisted in situ ker-
atomileusis (LASIK) operations have been doc-
umented to negatively alter the ocular surface
environment and result in tear film instability
[3]. According to the DEWS convention, dry eye
disease (DED) is defined as ‘‘a multifactorial
disease of the tears and ocular surface that
results in symptoms of discomfort, visual dis-
turbance, and tear film instability with poten-
tial damage to the ocular surface. It is
accompanied by increased osmolarity of the
tear film and inflammation of the ocular sur-
face’’ [4]. Dry eye (DE) symptoms in patients can
result in discomfort, photophobia and vision
loss with varying ranges of severity [4], and
studies have found that although DE symptoms
following LASIK are common and transient in
occurrence, incidences of refractory post-LASIK
DE are few [5, 6]. Although there are various
mechanisms regarding the pathophysiology of
post-LASIK DE, the primary cause is considered
to be iatrogenic corneal nerve severing during
the surgery as the dense sub-basal nerve plexus
and stromal corneal nerves are severed during
the anterior stromal flap creation process by the
excimer laser [6, 7]. Additionally, decrease in
conjunctival goblet cells has also been proposed
to exacerbate post-LASIK DE [8, 9] . Similar to
DED [10], the post-LASIK DE state has been
hypothesized to be related to inflammation
[11, 12]. In addition, changes to the corneal
shape due to LASIK have also been reported to
negatively alter the interaction among the eye-
lids, ocular surface and tear film distribution
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[13]. As mentioned above, corneal nerve sever-
ing has been reported to decrease the corneal
sensitivity and corneal blinking reflex, which in
turn decrease meibomian gland secretion
because if is controlled by blinking [14].
Reduced blink rate can lead to increased tear
evaporation, since incomplete blinking induces
meibomian gland dysfunction (MGD) and
delayed tear clearance [15, 16].

Topical sodium hyaluronate (SH) oph-
thalmic drops (preferably preservative free) have
emerged as a first-line treatment of choice for
DED. They owe their efficacy to hyaluronic acid
(HY), which is a naturally occurring linear
biopolymer consisting of repeating disaccharide
units of N-acetyl-D-glucosamine and sodium-D-
glucoronate. HY is widely used today and has
been shown to result in both subjective and
objective improvement in DED subjects [17].
Intense pulsed light (IPL) is widely used to treat
dermatological conditions [18, 19], and its
noncoherent polychromatic light source with a
wide wavelength range of 500–1200 nm has
been reported to stimulate facial sebaceous
glands [20]. The photothermal effect of IPL is
postulated to relieve inflammation by removing
aberrant surface microvasculature and
enhances meibomian gland function [21, 22].
Furthermore, an increase in fibroblast prolifer-
ation, collagen formation and local blood flow
has been associated with the application of IPL
on the skin [23, 24]. Several studies have docu-
mented the benefits of IPL in alleviating signs
and symptoms of DED on the periocular skin
[25, 26]. Eyelid warming devices such as heated
eye masks (HEMs) boost meibum secretions by
liquefying meibum release into the tear film
and relieving symptoms associated with dry eye
[27]. Since the expression of meibum is evoked
by eyelid blinking, MGD can be provoked by a
reduction of blinks. Since corneal denervation
by LASIK disrupts the reflex controlling the
lacrimal gland and blinking, the ‘‘circle’’ of
events triggered by the surgery decreases cor-
neal sensitivity and blinking frequency, leading
to sub-optimal meibomian gland secretion and
increased tear evaporation. While the patho-
physiology of transient and persistent post-
LASIK DE is complex and multifactorial [6],
clinical research findings on the benefits of

using artificial tears containing SH have been
widely reported and typically used as the first-
line treatment for DED and post-LASIK DE [28].
However, in some instances, failure of artificial
tears in treating DE has been reported to occur
[29]. Therefore the purpose of this study was to
assess the management of post-LASIK DE by
combining therapies such as IPL [30], 0.1% SH
and HEM.

METHODS

Study Design and Participants

This prospective study was carried out in the
refractive treatment center of Shenyang He Eye
Specialist Hospital, which recruited 50 partici-
pants clinically diagnosed with moderate to
severe post-LASIK DE for over a year. All par-
ticipants were diagnosed according to the
Japanese DE diagnostic criteria [31]: (1) pres-
ence of dry eye symptomatology; (2) presence of
either qualitative or quantitative disturbance of
the tear film (Schirmer test \ 5 mm or TBUT
\ 5 s); (3) presence of conjunctivocorneal
epithelial damage (fluorescein staining score[3
points, rose bengal staining score[ 3 points or
lissamine green staining score [ 3 points) and
had no effective recovery using traditional DE
treatment. The study was conducted in com-
pliance with the Institutional Review Board of
He Eye Specialist Hospital, Shenyang, China
(approval number: IRB2019.K002.01), and in
accordance with the tenets of the Declaration of
Helsinki. Written informed consent was
obtained from the patients for publication of
this study and any accompanying images. This
manuscript includes no identifiable patient
information.

Inclusion and Exclusion Criteria

Patients were selected on the basis of the fol-
lowing criteria: (1) able to provide written and
signed informed consent; (2) had undergone
previous LASIK surgery; (3) experiencing at least
one of the following symptoms: dryness, burn-
ing, irritation, grittiness, foreign body sensation
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or fluctuating vision; (4) NITBUT B 5 s; (5)
Ocular Surface Disease Index (OSDI) (Allergan,
Inc., Irvine, CA) score C 13 [32]; (6) MGQ C 4 or
MGEx C 1; (7) persistent symptoms of DE for
1 year of more following LASIK surgery. Partic-
ipants with decreased best corrected visual
acuity (BCVA) (\ 20/20), active infection, eye
lid disorders and any other systemic diseases
affecting blinking or the ocular surface, eyelid
surgeries and hereditary corneal diseases were
excluded form enrolling in this study. Partici-
pants were randomly assigned to the IPL or
IPL ? group. Participants in the IPL group
received IPL treatment only, while participants
in the IPL ? group received IPL along with daily
disposable HEM for the entirety of the study
(Fig. 1).

Treatment

The M22 IPL system (Lumenis Ltd., Yokneam,
Israel) was used, which has a xenon lamp that
emits IPL at 515–1200 nm on the cutaneous
facial sebaceous glands. A 560-nm filter was
adjusted to the appropriate setting (range of
11–14 J/cm2). IPL treatment intensity was cho-
sen based on the Fitzpatrick scale as follows:
Fitzpatrick scale I, II and III, 10–15 J/cm2, with a
570-nm filter. A total of two IPL treatment ses-
sions were administered, once each at a 2-week
interval, to all participants (IPL and IPL ?).
Bilateral IPL treatment was administered at day
0 and day 14. All participants in both groups
used topical ophthalmic 0.1% SH daily. The
HEM (Fig. 2) used for this study was a medically
certified air-activated disposable eye mask
(Ocuface Medical Co., Ltd., Guangzhou, China)
[33]. Participants in the IPL ? group used HEM
for 10 min once daily for 28 days along with
two sessions of IPL, 2 weeks apart.

Subjective and Objective Tests

Non-invasive tear break-up time (NITBUT) and
lower tear meniscus height (LTMH) were asses-
sed using the Keratograph 5 M (Oculus, Ger-
many) [34]. Interferometry tear film lipid layer

(TFLL) quality was measured using DR-1 (Kowa,
Nagoya, Japan) [35], and Kojima et al.’s meth-
ods were followed while assessing corneal fluo-
rescein staining (CFS) examinations.
Meibomian gland quality (MGQ) and express-
ibility (MGEx) were quantified as mentioned in
Yang et al.[36] DED symptoms were assessed by
administrating the Chinese web version of the
ocular surface disease index (OSDI) question-
naire [37]. Online survey of participants (How
often do you use preservative-free artificial tears
at the end of the day?) was conducted using a
smartphone messaging application to identify
the frequency with which the participants in
this research utilized artificial tears (e.g., once a
day, twice a day and so on). Subjective (Y.W.)
and objective (Z.Q.) assessments were per-
formed by different trained clinical examiners.

Statistical Analysis

Statistical Analysis in Social Sciences (SPSS) for
MacOS software was used to analyze the data
(version 25, IBM Corp.). Data were collected
from both eyes of those who received IPL and
IPL ? treatment at baseline (BL), first follow-up
at day 14 (F1) and second follow-up at day 28
(F2). Repeated measures analysis allowed for
comparisons across time periods, while paired
analyses allowed for comparisons of pre- and
post-treatment data at specific time periods (F1
and F2). The Kolmogorov-Smirnoff test was
used to determine the normality of variables.
Analysis of variance was used to analyze ordinal
variables (e.g., TFLL) and those having non-
normal distributions (ANOVA). The primary
outcome measures for this study were NITBUT,
LTMH, TFLL and OSDI scores before and after
treatment. We performed a statistical power
analysis for both the OSDI score and NITBUT at
day 28 visit in the IPL and IPL ? groups. The
power (1 - b) was[0.90 at the level of
a = 0.025, and the sample size was sufficient.
[38, 39]
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Fig. 1 Study flowchart
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RESULTS

Demographics

Table 1 shows the demographic information of
100 participants (100 eyes) randomly enrolled
in the IPL group and IPL ? group. The mean age
of participants in the IPL group and IPL ?

group was 31.50 ± 4.41 and 31.36 ± 4.42 years,

respectively, with 37% females in both groups.
There was no statistically significant difference
in age (P = 0.707), period of post-LASIK dry eye
diagnosis (P = 0.890) and use of artificial tears
(P = 0.659) at baseline. Best corrected visual
acuity was stable at all assessment time points
(Table 2).

NITBUT

Figure 3 depicts non-invasive tear break-up time
assessed at baseline, first and second follow-ups.
At baseline, mean NITBUT measurements for
IPL (4.03 ± 0.59) and IPL ? (3.99 ± 0.64)
groups showed no significant difference
(P = 0.304). However, at first follow-up
(5.00 ± 0.66 vs. 5.87 ± 0.65, P\ 0.001) and
second follow-up (6.06 ± 0.59 vs. 6.67 ± 0.86,
P\ 0.001), significant differences were
observed between the groups. Furthermore, D
change in NITBUT was found to be higher in
the IPL ? group (2.7) than in the IPL group
(2.0) (Table 2).

TFLL

Figure 4 illustrates mean changes in primary
outcome measure TFLL scores at baseline and
subsequent follow-up in both groups. At base-
line, both groups had statistically non-signifi-
cant differences between them (P = 0.098).
During the first follow-up assessment, both
groups showed statistically significant
improvements compared to their respective

Fig. 2 Infrared image of an active, air-activated disposable
heat eye mask

Table 1 Demographic information

Parameters IPL IPL 1 F value P value

No. of participants (no. of eyes) 50 eyes 50 eyes – –

Age (mean ± SD), years 31.50 ± 4.41 31.36 ± 4.42 0.143 0.707

Gender, female (%) 19 (37%) 19 (37%) – –

No. of months diagnosed with dry eye (mean ± SD), months 26.5 ± 9.5 26.6 ± 9.6 0.019 0.89

ATU (mean ± SD) times/day 4.46 ± 0.84 4.48 ± 0.84 0.197 0.659

IPL intense pulsed light; IPL ? intense pulsed light combined with heated eye mask; ATU artificial tears usage (frequency
of drops per day)
*Statistically significant difference
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Table 2 Comparative clinical dry eye assessments at different time points between groups

Parameters Baseline (BL) Follow-up
(FU1)

P value
(BL vs.
FU1)

F value
(BL vs.
FU1)

Follow-up
(FU2)

D
change
(BL-
FU2)

P value
(BL vs.
FU2)

F value
(BL vs.
FU2)

NITBUT

(IPL)

4.03 ± 0.59 5.00 ± 0.66 \ 0.001* 302.524 6.06 ± 0.59 2.0 \ 0.001* 1304.731

NITBUT

(IPL ?)

3.99 ± 0.64 5.87 ± 0.65 \ 0.001* 5931.014 6.67 ± 0.86 2.7 \ 0.001* 542.957

P value 0.304 \ 0.001* – – \ 0.001* – – –

F value 0.584 179.16 – – 21.179 – – –

TFLL

(IPL)

3.36 ± 0.53 2.62 ± 0.70 \ 0.001* 85.891 1.90 ± 0.65 1.5 \ 0.001* 232.936

TFLL

(IPL ?)

3.46 ± 0.54 2.50 ± 0.95 0.01* 49.171 1.60 ± 0.64 1.9 \ 0.001* 232.148

P value 0.098 0.502 – – 0.021* – – –

F value 2.882 0.457 – – 5.727 – – –

MGQ

(IPL)

2.20 ± 0.57 1.86 ± 0.64 \ 0.001* 25.242 1.48 ± 0.54 0.7 \ 0.001* 70.248

MGQ

(IPL ?)

2.30 ± 0.58 1.76 ± 0.66 \ 0.001* 35.986 1.26 ± 0.56 1.0 \ 0.001* 110.783

P value 0.255 0.389 – – 0.026* – – –

F value 1.324 0.754 – – 5.252 – – –

MGEx

(IPL)

2.50 ± 0.51 1.86 ± 0.45 \ 0.001* 87.111 1.62 ± 0.53 0.9 \ 0.001* 98.407

MGEx

(IPL ?)

2.58 ± 0.50 1.80 ± 0.45 \ 0.001* 118.488 1.44 ± 0.50 1.1 \ 0.001* 227.106

P value 0.209 0.444 – – 0.038* – – –

F value 1.62 0.595 – – 4.567 – – –

CFS (IPL) 4.44 ± 0.54 4.20 ± 0.70 \ 0.001* 15.474 4.02 ± 0.65 0.4 \ 0.001* 35.483

CFS

(IPL ?)

4.58 ± 0.70 4.36 ± 0.60 0.001* 13.821 3.96 ± 0.73 0.6 \ 0.001* 47.613

P value 0.109 0.185 – – 0.652 – – –

F value 2.665 1.806 – – 0.206 – – –

LTMH

(IPL)

0.146 ± 0.029 0.170 ± 0.038 \ 0.001* 40.552 0.186 ± 0.053 0.04 \ 0.001* 35.254

LTMH

(IPL ?)

0.147 ± 0.030 0.180 ± 0.040 \ 0.001* 57.266 0.204 ± 0.034 0.06 \ 0.001* 156.713
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baseline scores (IPL: 2.62 ± 0.70, P\0.001 and
IPL ? : 2.50 ± 0.95, P = 0.01, respectively,
P = 0.502). Mean TFLL scores at the second
follow-up were significantly different (IPL:
1.90 ± 0.65, P\0.001, vs. IPL ? : 1.60 ± 0.64,
P\ 0.001, respectively, P = 0.021). Addition-
ally, D change in TFLL was higher in the IPL ?

group (1.9) compared to the IPL group (1.5)
(Table 2).

LTMH

The mean baseline LTMH measurements for IPL
and IPL ? groups were 0.146 ± 0.029 and
0.147 ± 0.030, respectively (P = 0.389) (Fig. 5).
At the first and second follow-up assessments,
significant changes were observed between the
groups (P = 0.022 and P = 0.003, respectively).

Table 2 continued

Parameters Baseline (BL) Follow-up
(FU1)

P value
(BL vs.
FU1)

F value
(BL vs.
FU1)

Follow-up
(FU2)

D
change
(BL-
FU2)

P value
(BL vs.
FU2)

F value
(BL vs.
FU2)

P value 0.389 0.022* – – 0.003* – – –

F value 0.754 5.568 – – 9.577 – – –

OSDI

(IPL)

46.34 ± 6.84 45.55 ± 5.35 0.89 3.019 32.54 ± 6.85 13.8 \ 0.001* 9331.56

OSDI

(IPL ?)

46.36 ± 6.77 41.92 ± 5.80 \ 0.001* 26.65 29.76 ± 4.74 16.6 \ 0.001* 402.337

P value 0.86 \ 0.001* – – 0.001* – – –

F value 0.032 18.825 – – 11.584 – – –

BCVA

(IPL)

- 0.02 ± 0.01 - 0.01 ± 0.01 0.444 0.595 - 0.02 ± 0.01 0.00 0.159 2.042

BCVA

(IPL ?)

- 0.02 ± 0.01 - 0.02 ± 0.01 0.811 0.058 - 0.02 ± 0.01 0.00 0.290 1.146

P value 0.766 0.164 – – 0.844 – – –

F value 0.089 1.999 – – 0.039 – – –

ATU (IPL) 4.46 ± 0.84 3.70 ± 0.76 \ 0.001* 107.86 1.88 ± 0.63 2.6 \ 0.001* 290.284

ATU

(IPL ?)

4.48 ± 0.84 3.60 ± 0.61 \ 0.001* 1.72 ± 0.50 2.8 \ 0.001* 379.95

P value 0.659 0.358 – – 0.159 – – –

F value 0.197 0.86 – – 2.042 – – –

BL baseline assessment; F1 first follow-up assessment; F2 second follow-up assessment; IPL intense pulsed light; IPL ?

intense pulsed light combined with heated eye mask; NITBUT non-invasive tear break-up time (seconds); CFS corneal
fluorescein staining (score); MGQ meibomian gland quality (scale); MGEx meibomian gland expression (scale); OSDI ocular
surface disease index (score); BCVA best-corrected visual acuity (LogMAR); ATU artificial tear usage (frequency of drops per
day)
*Statistically significant difference
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The IPL ? group had a higher D change in mean
LTMH (IPL: 0.04 vs. IPL ?: 0.06) (Table 2).

MGQ and MGEx

Changes in the MGQ and MGEx of meibomian
gland scores are given in Figs. 6 and 7,

respectively. At baseline, mean MGQ score (IPL:
2.20 ± 0.57 and IPL ?: 2.30 ± 0.58, P = 0.255,
respectively) and mean MGEx score (IPL:
2.50 ± 0.51 and IPL ?: 2.58 ± 0.50, P = 0.209,
respectively) had no statistically significant dif-
ference. At the first follow-up assessment, both
groups showed significant improvements in

Fig. 3 Comparison of mean NITBUT at different time
points between groups

Fig. 4 Comparison of mean TFLL score at different time
points between groups

Fig. 5 Comparison of mean LTMH at different time
points between groups

Fig. 6 Comparison of mean MG scores at different time
points between groups
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their MGQ and MGEx scores compared to their
respective baseline scores; however, there were
no significant differences between the groups
(MGQ score: P = 0.389 and MGEx score:
P = 0.444). At the final follow-up, significant
differences between the groups (MGQ score:
1.48 ± 0.54, P = 0.026 and MGEx score:
1.62 ± 0.53, P = 0.038, respectively) were
found. IPL ? group was found to have a higher
D change in mean MGQ (IPL: 0.7 vs. IPL ?: 1.0)
and mean MGEx (IPL: 0.9 vs. IPL ?: 1.1) scores
(Table 2).

CFS

Mean CFS scores at baseline for IPL and IPL ?

groups were 4.44 ± 0.54 and 4.58 ± 0.70,
respectively (P = 0.109). At the first and second
follow-up assessments, no significant changes
were observed between the groups (P = 0.185
and P = 0.652, respectively) (Table 2).

OSDI

Figure 8 illustrates the mean changes in OSDI
scores in IPL and IPL ? groups at baseline, first
and second follow-ups. Inter-group comparison
revealed significant changes at first (IPL:

45.55 ± 5.35 and IPL ?: 41.92 ± 5.80,
P\ 0.001) and second (IPL: 32.54 ± 6.85 and
IPL ?: 29.76 ± 4.74, P = 0.001) follow-ups.
IPL ? group was found to have a higher D
change in mean OSDI score (IPL: 13.8 vs. IPL ? :
16.6) (Table 2). Individual mean OSDI scores of
participants are represented on a heat map in
Fig. 9A, B.

ATU

Changes in mean ATU of both groups are pre-
sented in Table 2. At baseline, mean ATUs in
both groups were not significantly different
(IPL: 4.46 ± 0.84 and IPL ? : 4.48 ± 0.84,
P = 0.659). Additionally, there were no signifi-
cant changes between the groups at first (IPL:
3.70 ± 0.76 and IPL ?: 3.60 ± 0.61, P = 0.358)
and second (IPL: 1.88 ± 0.63 and IPL ?:
1.72 ± 0.50, P = 0.159) follow-ups.

DISCUSSION

LASIK-associated DE can be frustrating for both
patients and clinicians and is the leading com-
plaint following LASIK [40]. Symptoms experi-
enced by post-LASIK DE patients are not

Fig. 7 Comparison of mean MGEx scores at different
time points between groups

Fig. 8 Comparison of mean OSDI scores at different time
points between groups
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consistent and comprise a spectrum of
pathologies such as neurotrophic disease,
injured conjunctival goblet cells, reduced blink
rate, tear film instability and aqueous tear defi-
ciency [41]. This results in a combination of
pathophysiological factors that causes inflam-
mation of the ocular surface. Several cytokines
and chemokines have been documented to
increase tears because of evaporative-type MDG-
dependent DED. DED is a type of ocular surface
inflammation where signs and symptoms often
do not correlate well, particularly in the mild-
to-moderate cases. Furthermore, increases in
inflammatory cytokine tear concentrations may
be responsible for the irritation symptoms and
ocular surface disease in DED. This finally
results in varying severity in signs and symp-
toms of DE [11, 42], and tear inflammatory
cytokines such as IL-17A, IL-6 and PGE2 have
been reported to decrease after IPL treatment
[21].

While post-LASIK DE can be managed by
standard DE treatment [5], persistent DE symp-
toms are difficult to treat. Pazo et al. [30] found
significant differences between IPL and control
groups in objective and subjective DE assess-
ment tests in refractory post-LASIK DE
participants.

In the current study, subjects were random-
ized to IPL (IPL in combination with 0.1% SH)
and IPL ? (IPL in combination with 0.1% SH

and HEM). All participants in both groups were
treated two times at a 2-week interval; in addi-
tion, the IPL ? group received HEM daily. Sub-
jective and objective assessments were
performed at baseline, 2 weeks from baseline
and 4 weeks from baseline. The primary out-
come measures were NITBUT, TFLL, LTMH and
OSDI. The current study found that participants
in both groups had improved signs and symp-
toms of DED compared to their respective
baseline measurements but overall the
improvement in the IPL ? group was more
pronounced. While both the DEWS II [43]
committee report and the Japanese DE [31]
committee aim to accurately diagnose DE, the
current study chose the Japanese DE diagnostic
criteria over the DEWS II definition since this
study emphasized the diagnostic value such as
‘‘visible/clinical changes’’ whereas the DEWS II
report focuses more on ‘‘invisible/underlying’’
causes of DE such as hyperosmolarity, ocular
surface inflammation and damage, and neu-
rosensory abnormalities as well as tear film
instability [44].

Although mechanisms of post-LASIK DE
have been postulated to primarily arise from
corneal nerves damage during LASIK surgery.
Studies have also concluded that LASIK and
other corneal refractive surgeries can signifi-
cantly reduce proper meibomian gland function
[16]. Therefore, improving the TFLL does not

Fig. 9 Heat map depiction of individual OSDI scores. A IPL group, B IPL ? group
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directly correct the intraoperative injury that
contributed to post-LASIK DE; however,
improved TFLL enhances the ocular surface
environment, which benefits the homeostatic
balance of the ocular surface [27, 45]. As docu-
mented by Di Pascuale et al. [27], improving the
TFLL in post-LASIK DE participants with the aid
of an eyelid warming device improved tear film
stability. Furthermore, Di Pascuale et al. docu-
mented a high prevalence of tear film lipid
deficiency in subjects with persistent dry eye
after LASIK. Preoperative risk avoidance [40]
and intraoperative strategies such as hinge
positioning have been explored to lessen the
damage to corneal nerves during LASIK [46, 47].

The effectiveness of HY in treating DED has
been tied to various mechanisms of action.
In vitro studies suggest that HY inactivates the
CD44 adhesion molecule, a receptor of HY
found to be overexpressed on the ocular surface
of subjects with DED [48]. HY has been sug-
gested to have a localized anti-inflammatory
effect. The viscous nature of HY can act as a
lubricant and reduce friction when the eye
blinks. Additionally, water-retentive properties
of HY have been reported to be 1000-fold its
own weight, thereby hydrating the ocular sur-
face and reducing evaporation of tears [16, 45].

IPL treatment in combination with HEM
improves meibomian gland function and mei-
bum secretion, which are vital functions that
stabilize the tear film and promotes ocular sur-
face integrity [16, 45]. As suggested by prior
research on meibum secretion, the HEM used in
our study reached[ 40-C (Fig. 2) and therefore
was adequate to mobilize the flow of meibum
into the tear film [46, 47]. Fortifying refractory
DE subjects tear film with a polar and nonpolar
lipid base, ofloxacin eye ointment improved
signs and symptoms of DE [48]. Improved
secretion of TFLL offers a physical protective
boundary and in tandem with blinking facili-
tates its distribution on the ocular surface [49].
According to Foulks et al. [50], severity of DE
symptoms appears to correlate to lipid layer
thickness. Therefore, DE treatments that
replenish or enhance meibum production have
been found to improve signs and symptoms of
DED [51, 52]. In addition, lipids expressed by
the meibomian gland have been documented to

be antimicrobial, impair gram-positive and
gram-negative bacterial growth and further
fortify the ocular surface [53]. The active control
(IPL group) in this study was standardized as
two IPL sessions, 2 weeks apart. The study
results (Table 2) indicate that after 4 weeks, the
IPL ? group showed significantly better
improvement of meibomian gland function and
reduction of DE signs and symptoms than IPL
treatment alone. This significant difference
between IPL and IPL ? in these outcomes was
documented after controlling for participant
demographic and baseline characteristics .

The limitations of the study are as follows:
The participants undergoing treatment (IPL and
IPL ?) and the investigators were not masked.
Although the dosage (frequency of drops) of
0.1% SH used by participants at baseline was
similar (P = 0.659) between the groups, the
dosage changed during the study as participants
were less reliant and reduced the frequency of
SH usage. LASIK surgery preoperative and
immediately postoperative and ocular surface
data of the participants in this study were not
available since participants had undergone
refractive surgeries in various other centers. The
lack of a large sample size also limits this study
because persistent post-LASIK DE is not com-
mon since most post-LASIK DEs are transient
[3]. Finally, managing post-LASIK DE with IPL is
a relatively new concept, and optimizing the
dose and duration will be explored in future
studies .

CONCLUSION

In summary, the results of this study suggest
that post-LASIK DE signs and symptoms can be
improved by combining therapies such as IPL,
0.1% SH and HEM. Increased TFLL due to a
combination of 0.1% SH and HEM seems to
have a greater positive impact on the subjective
and objective DE measurements in participants
with persistent post-LASIK DE.
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