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Purpose: To evaluate the effect of the intense pulsed light (IPL) and meibomian gland (MG) expression (MGX) combination
therapy according to the total numbers of sessions in the meibomian gland dysfunction (MGD).

Methods: Ninety patients with MGD were included. Patients had maximal five sessions of IPL (Aqua Cel, Jeisys Medical)
and MGX combination therapy at 2-week intervals. The ocular surface disease index (OSDI) questionnaire score, MG profile
grades, tear matrix metalloproteinase-9 (MMP-9), tear break-up time (BUT), tear osmolarity, tear secretion, and corneal ero-
sions were evaluated.

Results: The number of patients who had a total of one to five sessions (1S to 5S) was 10, 25, 17, 20, and 18, respectively. The
time-serial decrease of OSDI scores was significant in patients who had three or more sessions (3S, p = 0.002; 4S, p < 0.001;
5S, p < 0.001). The MG expressibility grade decreased with two or more sessions (25-5S, p < 0.001), but the meibum quality
significantly improved with all sessions (1S, p = 0.012; 2S, p = 0.024; 3S, p = 0.015; 4S, p < 0.001; 5S, p < 0.001). Although tear
BUT increased even in patients with one session (1S, p = 0.040; 3S, p = 0.005; 4S, p = 0.006; 5S, p = 0.021), tear MMP-9, osmo-
larity, Schirmer |, and corneal erosions were not improved in every number of sessions. The female sex was the sole contribu-
tor to the final symptomatic improvement (p = 0.042), and the MGD stages were not related to the final OSDI decrease.
Conclusions: The OSDI score, MGD grades, and BUT were improved after the IPL and MGX combination therapy in MGD
patients. Unlike MGD grades and tear film instability might be improved just after a few sessions, the overall subjective relief

was accomplished in three or more sessions.
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Dry eye disease (DED) is commonly seen in ophthalmic
outpatient clinics and its prevalence ranges from approxi-
mately 5% to 50% worldwide [1]. It is known that a sub-
stantial proportion of DED patients accompany meibomian
gland (MG) dysfunction (MGD), which is a leading cause
of evaporative type DED [2]. The treatment of MGD is of-
ten challenging since the pathogenesis is multifactorial and
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MGD leads to variable symptoms of pain, irritation, and
visual discomfort [2,3]. As it was well described that
symptoms in DED were poorly correlated [4,5], the discor-
dance between symptoms and signs of MGD makes doc-
tors confused and intimidated to make therapeutic strate-
gies [6].

Conventional treatments for MGD start from warm
compression of the lid in conjunction with lid hygiene im-
provement most importantly and also include the use of
artificial tears, anti-inflammatory eye drops, or oral medi-
cation [2]. However, there are limitations of these daily
treatments because all of them rely hard on the patients’
efforts, requiring continuous participation from them. Un-
fortunately, compliance with basic eyelid hygiene therapy
was once reported to be 55% [7], and some anti-inflamma-
tory eye drops can be easily quitted because of discomfort
in the eyes with the estimated prevalence of 2.5% to 60.0%
[8-10]. In addition, oral medicines like omega-3 or tetracy-
cline antibiotics pose more problems since they can cause
gastrointestinal problems. Given that self-treatment may
detract from long-term compliance, a real-world interven-
tional treatment of MGD that lessens the time and mental
burden of self-treatments will be beneficial.

Intense pulsed light (IPL) therapy came up to be used in
treating MGD recently [11,12]. IPL therapy applies arrays
of wavelengths of light on the eyelids to exert heating in
the obstructed meibomian glands and to lead to anti-in-
flammatory effects by damaging the inflamed subcutane-
ous vessels in MGD [11]. Moreover, recent several clinical
trials revealed the therapeutic efficacy of the protocolized
IPL therapy combined with the meibomian gland expres-
sion (MGX) for the treatment of MGD [13-16]. Although
those studies set up the fixed regular, steady, and continu-
ous IPL treatment protocol to evaluate its therapeutic effi-
cacy, in real-world situations, the rapid symptomatic im-
provement or the patient’s dissatisfaction with the
treatment might terminate the protocol early unexpectedly.
Furthermore, there is not an established optimal number of
IPL treatments in MGD yet and numerous trials suggest
their protocols instead which are quite different from each
other [11].

In this regard, we included a real-world retrospective co-
hort who had different total numbers of sessions of IPL
therapy combined with MGX for the management of
MGD. In the cohort, we evaluated the time-serial effect of
the combination therapy. Then, the subjective and objec-
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tive parameter improvement was analyzed according to the
total number of sessions.

Materials and Methods

Ethics statement

This study was approved by the Institutional Review
Board of Chung-Ang University Hospital (No. 2107-024-
19375) and adhered to the tenets of the Declaration of Hel-
sinki. The Institutional Review Board waived the need for
informed consent due to the retrospective nature of the
study.

Study design

Patients who presented MGD in Chung-Ang University
Hospital between November 2020 and March 2021 and
who were treated according to our management method
for MGD treatment were included in this study. This was a
single-arm study based on the retrospective medical chart
review.

MGD evaluation

Evaluation for MGD was done through dynamic and
static observation of meibomian glands at the upper lids: (1)
dynamic observation of meibum expressibility throughout
MG orifices (i.e., MG expressibility grade), (2) dynamic
observation of meibum quality (i.e., meibum quality
grade), and (3) static observation of lid margin vascularity
(i.e., lid margin vascularity grade). MG expressibility grade
was evaluated with firm digital pressure at upper central
lid margin and was graded from 0 to 3: 0, all glands ex-
pressible; 1, three to four glands expressible; 2, one to two
glands expressible; 3, no glands expressible [17,18]. Meibum
quality was graded from 0 to 3 after squeezing upper cen-
tral meibomian glands: 0, clear secretion; 1, cloudy fluid; 2,
cloudy particulate fluid; 3, toothpaste-like expression [18].
Lid margin vascularity was graded from 0 to 3 based on
the degree of redness in the lid margin and the distribution
of telangiectasia crossing meibomian gland orifices using
standard photographs as provided in a previous report [19].
The severity of MGD was subdivided into stages 1 to 4
based on the clinical signs as previously established [20].



The more severe eye was selected to decide the MGD stage
in the patient.

IPL and MGX combination therapy with concurrent
medication

The method for the IPL and MGX combination thera-
py-based MGD treatment is summarized in Fig. 1. Our
method is mainly based on the repetitive IPL and MGX
combination therapy combined with a flexible regimen of
concurrent medication of minocycline and/or diquafosol
sodium and steroid eye drops. We performed IPL and
MGZX therapy in patients who revealed MGD in both eyes
according to the dynamic grading (MG expressibility
grade >1 and/or meibum quality grade >1) and who has at
least one of the following four types of occasional ocular
discomfort: foreign body sensation, ocular pain, visual dis-
comfort, and ocular surface irritation. Patients with a sys-
temic immunologic disease, the use of antiglaucomatous
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eye drops, and a history of contact lens wear within the
previous 3 months were excluded from this retrospective
study.

At the time of starting the treatment, we evaluated base-
line conditions of subjective and objective ocular parame-
ters for MGD, then we proposed patients undergo a maxi-
mum of five sessions of IPL and MGX combination
therapy every 2 weeks starting the first treatment on the
first visit. The total number of treatment sessions was flex-
ible depending on the patients’ intention according to their
postsession satisfaction after the IPL and MGX combina-
tion therapy. At each visit, patients could decide whether to
continue the session according to the symptomatic im-
provement. As for eye drops, patients were educated to
drop 3 % preservative-free diquafosol sodium eye drop
(Diquas-S; Santen, Osaka, Japan) four times a day and pre-
servative-free 0.1 % fluorometholone eye drop (Fumelon;
Hanlim, Yongin, Korea) three times a day in both eyes for
1 month. Also, oral minocycline 50 mg was prescribed

MG expressibility grade > 1

and/or meibum quality grade > 1 AND

At lease one of following ocular discomfort
: foreign body sensation, ocular pain,
visual discomfort, ocular surface irritation

) 2
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Visit Evaluation
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Fig. 1. The serial intense pulsed light (IPL) and meibomian gland (MG) expression (MGX) combination therapy-based management
method of MG dysfunction (MGD). The MGD treatment in this study is composed of a maximum of five sessions of IPL and MGX com-
bination therapy at 2-week intervals with concurrent medications including oral intake of minocycline and preservative-free (PF) 3%
diquafosol sodium eye drops and PF 0.1% fluorometholone (FML) eye drops. Clinical evaluation of ocular parameters for MGD was per-

formed at 2-week intervals. PRN = pro re nata.
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once a day only for 1 month which was a dose-attenuated
regimen unlike the preestablished regimen of 50 mg twice
a day in MGD [21]. If patients had a gastrointestinal prob-
lem and did not want to take pills, they were allowed not to
take minocycline. After 1 month, patients were recom-
mended to drop both eye drops only pro re nata (PRN)
when they have dryness or ocular discomfort. Patients
were asked to revisit 2 weeks after the last treatment ses-
sion of IPL and MGX regardless of the total number of
treatment sessions to evaluate the final check-up for MGD
conditions after the treatment.

Evaluation of subjective and objective ocular parame-
ters for MGD

Both subjective and objective conditions in enrollees
were evaluated at each visit. At every visit, the enrollees
were asked to fill out an ocular surface disease index
(OSDI) questionnaire [22] to assess their subjective ocular
symptoms. Various objective ocular parameters were eval-
uated. MGD severity grades, the tear break-up time (BUT),
tear secretion by Schirmer I test without anesthesia, and
corneal erosions were evaluated at every visit. The tear
matrix metalloproteinase-9 (MMP-9) expression in tear
and tear osmolarity was evaluated at baseline, post-second,
and post-fourth treatment sessions. Tear BUT was mea-
sured after a drop of normal saline which was put on strip

IPL

paper coated with fluorescein dye (Haag-Streit, Koniz,
Switzerland) applied to the inferior fornix, and stained tear
film. The time when the first break of tear film was ob-
served under cobalt blue filter after the last blinking was
considered as tear BUT. Schirmer I test was used for the
evaluation of tear secretion. Schirmer standard strip (Eagle
Vision, Memphis, TN, USA) was applied on the outer one-
third point of lower conjunctival fornix and absorbed tear
fluid for 5 minutes without analgesia. For ocular staining
score, each eye went through slit-lamp examination under
a yellow filter after fluorescein instillation. Corneal ero-
sions were evaluated according to the National Eye Insti-
tute (NEI) scoring system [23]. The test for tear MMP-9
was done with a point-of-care immunoassay kit (Inflam-
maDry; Quidel, San Diego, CA, USA) which was previ-
ously demonstrated to properly diagnose inflammation re-
lated to dry eye, following instructions from product
documentation. Tear MMP-9 expression was graded from
0 to 4 based on a five-stage grading system [24]. To mea-
sure tear osmolarity, the test strip of [-PEN (I-MED Phar-
ma Inc., Montreal, Canada) was soaked with tear at the
lower conjunctival fornix and assembled into an analyzer
that shows a test result in digits.

The examination for objective assessments of clinical
parameters was performed in order listed as previously re-
ported [25]: tear osmolarity, tear MMP-9, tear secretion
with Schirmer I without anesthesia, tear BUT, corneal ero-

MGX

IPL crystal
with side shield

IPL crystal
with side shield

Tall-tip cover

Tall-tip cover Upper and lower lids

x 2 x 2

x 1

Fig. 2. Manual for the performance of intense pulsed light (IPL) therapy for patients with meibomian gland dysfunction. The IPL ma-
chine is composed of four steps of IPL treatment followed by meibomian gland expression (MGX). In the first two steps, the main IPL
crystal in the handpiece was used for shots, then a tall-tip cover was covered over the IPL crystal in steps 3 and 4. In step 1, the five verti-
cally oriented shots were applied from IPL crystal at the lower eyelid area from nasal to temporal area two times. In step 2, the two hor-
izontally oriented and overlapped shots were applied from IPL crystal at the area over a lower tarsus one time. Three shots were applied
from a tall-tip over an upper tarsus two times in step 3 and over a lower tarsus one time in step 4. MGX was performed on both the upper
and lower eyelids of each eye with compressor forceps. Informed consent for publication of the clinical images was obtained from the pa-

tient.

530



sion score using fluorescein dye, MG expressibility, lid
margin vascularity, and meibum quality of the secreted
meibum.

Method of the performance of IPL therapy

IPL therapy was performed with a newly launched ma-
chine in Korea (Aqua Cel; Jeisys Medical, Seoul, Korea)
which has a 590 nm cutoff filter only for MGD treatment
and emits three-pulsed light per shot. Aqua Cel features an
automatic temperature control device inside a handpiece
which enables setting a wanted temperature at the surface
of IPL crystal. Our institutional IPL manual is described in
Fig. 2. At each treatment session, a cornea-protective sili-
cone shield was inserted after topical anesthesia and the
ultrasonic gel was applied to the treatment area at the up-
per and lower eyelids. The intensity of IPL was first deter-
mined as 16 J/cm® and 15 J/em” in Fitzpatrick skin type III
and IV, respectively. If a patient had pain at the first shot
within a treatment session, the intensity was then lower to
a range of 13 to 15 Jem® and 12 to 14 J/em® in Fitzpatrick
skin type III and IV, respectively. Once an intensity was
determined, it was fixed over entire steps in the patient
within a session. The IPL manual is composed of four
steps of IPL treatment followed by MGX (Fig. 2). In step 1,
the five vertically oriented shots were applied from the
main IPL crystal (44 mm [length] x 11 mm [width] x 11 mm
[height]) at the lower eyelid area from nasal to temporal
area two times. In step 2, the two horizontally oriented and
overlapped shots were applied from the main IPL crystal
at the area over a lower tarsus one time. In step 3, the
small-sized but tall-tip cover (15 mm [length] X 9 mm
[width] x 11 mm [height]) was put on the main IPL crystal
and three shots were applied over an upper tarsus two
times. In step 4, the same three shots within step 3 were
applied over a lower tarsus one time. Every shot was ap-
plied very near the lid margin in all steps. The IPL therapy
was performed bilaterally in all patients. Then, MGX was
performed on both the upper and lower eyelids of each eye
with compressor forceps.

Design of outcome analyses

The main two axes of the outcome analysis were as fol-
lows: (1) consecutive changes of subjective and objective
parameters according to the total number of sessions of
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IPL and MGX combination therapy; (2) identification of
factors affecting the symptomatic improvement after IPL
and MGX combination therapy.

It was defined that the subjective improvement was ac-
complished when the OSDI score after the final session of
treatment decreased compared to the baseline score.

Statistical analyses

IBM SPSS ver. 26 (IBM Corp., Armonk, NY, USA) and
Prism ver. 8.4.3 (GraphPad, La Jolla, CA, USA) were used
for the statistical tests. The difference between the inde-
pendent two groups was analyzed using the parametric
Student #-test or the nonparametric Mann-Whitney U-test

Table 1. Demographics and baseline clinical data of total pa-
tients

Parameter Value
No. of patients (no. of eyes) 90 (180)
MGD stage
1 19 (21)
2 20 (22)
3 48 (53)
4 303)
Demographic
Sex
Male 18 (20)
Female 72 (80)
Age (yr) 595+ 11.6
Ocular parameter
OSDI (score) 41.1+24.4
MG profile grading (grade)
MG expressibility 1.5+0.6
Meibum quality 1.6+ 0.6
Lid margin vascularity 1.3+0.8
Tear MMP-9 (grade) 1.2+1.0
Tear BUT (sec) 6.6+23
Tear osmolarity (mOsm/L) 3124 +21.1
Schirmer I without anesthesia (mm) 11.1+8.7
Corneal erosions (NEI score) 0.7+1.3

Values are presented as number (%) or mean + standard
deviation, unless otherwise indicated.

MGD = meibomian gland dysfunction; OSDI = ocular surface
disease index; MG = meibomian gland; MMP-9 = matrix
metalloproteinase-9; BUT = break-up time; NEI = National Eye
Institute.
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according to the normal distribution of the data. The inter-
group difference among more than the two independent
groups was analyzed using the Kruskal-Wallis test with
Dunn’s post hoc. In patients who had a total of one session
of treatment, the peritreatment change of parameters was
analyzed using Wilcoxon signed-rank test. In patients who
had a total of two or more sessions, the time-serial change
of parameters was analyzed using one-way repeated mea-
sures analysis of variance, and the difference at each time
point compared to the baseline was further evaluated by
Bonferroni’s post hoc analysis. To compare continuous
variables between two independent groups, a parametric
two-tailed Student #-test or nonparametric Mann-Whitney
U-test according to the normal distribution of the data. To
compare categorical variables between groups, the chi-
square test was used. A logistic regression analysis test
was used to identify the contributing factors to the final
improvement of OSDI scores after the final session. The
data are expressed as mean + standard deviation, and the

differences were considered statistically significant at
p <0.05.

Results

Demographics and baseline evaluation

The demographic data are shown in Table 1. A total of
90 patients were included in this study. The 19 (21%), 20
(22%), 48 (53%), and three patients (3%) had MGD with
severity stages 1 to 4, respectively. 80% were female and
the mean age of total patients was 59.5 + 11.6 years. At
baseline state, the OSDI questionnaire score was 33 or
higher in 58 patients (64.4%) of the total, which was classi-
fied as a severe subgroup based on a preestablished severi-
ty scale [26]. The mean OSDI score of total patients was
41.1 + 24.4. MG profile grades revealed 1.5 + 0.6, 1.6 + 0.6,
and 1.3 + 0.8 according to the grading system of MG ex-

Table 2. The difference in demographics and baseline clinical data of patients along with the total number of sessions of intense
pulsed light and meibomian gland expression combination therapy

Total no. of sessions (S)

Parameter p-value’
1S 28 3S 4S 58
Total no. of patients (no. of eyes) 10 (20) 25 (50) 17 (34) 20 (40) 18 (36) -
Proportion (%) 11 28 19 22 20 -
MGD severity stage 24+08 24+09 25+0.8 22408 2.6+0.9 0.608
Sex 0.405
Male 2 (20) 4 (16) 3(18) 7 (35) 2 (11)
Female 8 (80) 21 (84) 14 (82) 13 (65) 16 (89)
Age (yr) 62.1 +10.9 61.7+12.8 58.4+10.7 572+11.3 58.7+11.6 0.668
OSDI (score) 50.8 +24.7 37.7+23.0 36.3+25.3 47.3+23.0 38.2+26.7 0.317
MG profile grading (grade)
MG expressibility 1.6 0.5 1.5+£0.6 1.5+£0.6 1.3+£0.5 1.6 £0.7 0.164
Meibum quality 1.9+0.5 1.6 0.5 1.4+0.7 1.6 £0.7 1.6 £0.6 0.173
Lid margin vascularity 1.6+0.9 1.5+09 1.3+0.8 1.0+0.8 1.2+0.6 0.053
Tear MMP-9 (grade) 1.1+0.8 1.6+1.0 0.7+0.7 1.3+1.1 1.0+ 1.1 0.003"
Tear BUT (sec) 73+2.7 59+24 62+23 7.1+2.1 6.6+22 0.212
Tear osmolarity (mOsm/L) 3047+ 142 3158+20.7 3182+26.1 308.0+18.6 309.1+20.5 0.273
Schirmer [ without anesthesia (mm) 11.1+9.3 13.0+ 8.9 12.1+10.5 9.5+8.3 9.3+5.6 0.217
Corneal erosions (NEI score) 1.3+1.6 0.6+1.3 0.6+1.2 0.8+1.5 04+0.8 0.421

Values are presented as mean + standard deviation or number (%), unless otherwise indicated.

MGD = meibomian gland dysfunction; OSDI = ocular surface disease index; MG = meibomian gland; MMP-9 = matrix
metalloproteinase-9; BUT = break-up time; NEI = National Eye Institute.

"Kruskal-Wallis test except for sex (chi-square test); 'p < 0.05.
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pressibility, meibum quality, and lid margin vascularity, two, three, four, five sessions of IPL and MGX combina-
respectively. Tear MMP-9 grade was averaged to 1.2 + 1.0, tion therapy was 10 (11%), 25 (28%), 17 (19%), 20 (22%),
tear BUT was 6.6 + 2.3 seconds, and tear osmolarity was and 18 (20%), respectively. The demographics and the

312.4 £ 21.1 mOsm/L. Tear secretion by Schirmer I without baseline clinical data in patients according to the total
anesthesia and corneal erosions were relatively normal. number of treatments are shown in Table 2. The age, sex
The number of patients who treated with a total one, ratio, MGD severity stage, and clinical data except the tear
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Fig. 3. Change of the symptomatic and objective parameters pooled from the whole 90 patients before and after the intense pulsed light
and meibomian gland (MG) expression combination therapy. Serial results of (A) subjective discomfort in ocular surface disease index
(OSDI) scores, MG profiles including (B) MG expressibility, (C) meibum quality, and (D) lid margin vascularity, (E) matrix metallopro-
teinase-9 (MMP-9) expression in tear, (F) tear break-up time (BUT), (G) tear osmolarity, (H) tear secretion by Schirmer I test without
anesthesia, and (I) corneal staining scores before and after the serial treatment sessions. (A) Baseline (0 weeks), 90 patients; post-first
session (2 weeks), 90 patients; post-second session (4 weeks), 80 patients; post-third session (6 weeks), 55 patients; post-fourth session
(8 weeks), 38 patients; post-fifth session (10 weeks), 18 patients. (B-I) Baseline, 180 eyes; post-first session, 180 eyes; post-second session,
160 eyes; post-third session, 110 eyes; post-fourth session, 76 eyes; post-fifth session 36 eyes. Values represent the mean + standard error
of the mean. NEI = National Eye Institute. p < 0.05; 'p < 0.01; *p < 0.001 versus baseline (Kruskal-Wallis test and Dunn’s post hoc).
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MMP-9 grade were not different among the data from the
five different sessions of treatment.

Changes in ocular parameters after treatment

First, to evaluate the change of values after each session
of IPL and MGX combination therapy in the whole patient,
we pooled the data from the whole patient with different
numbers of treatment sessions. Then, the values after each
session (baseline: 90 patients, 180 eyes; post-first session:
90 patients, 180 eyes; post-second session: 80 patients, 160
eyes; post-third session: 55 patients, 110 eyes; post-fourth
session: 38 patients, 76 eyes; post-fifth session: 18 patients,
36 eyes) were compared to values at the baseline. Such
pooling data revealed that the OSDI score, MG profile
grades, tear MMP-9 grades, and tear BUT were improved
during the treatment session compared to the baseline. The
mean OSDI scores decreased after the third session
(p <0.05) (Fig. 3A). The dynamic MG profile grades con-
tinued to decrease compared to baseline significantly after
every treatment session (all p < 0.001) (Fig. 3B, 3C). The
lid margin vascularity grades improved after the second
and third sessions (each p < 0.01) (Fig. 3D), and tear MMP-
9 grades decreased after the fourth session (p < 0.001)
(Fig. 3E). Tear BUT continued to increase until after the
fourth session compared to the baseline (post-first session,
p < 0.05; post-fourth session, p < 0.05; post-second session,
p <0.01; post-third session, p < 0.001) (Fig. 3F). Tear osmo-
larity, tear secretion by Schirmer I test, and corneal erosion

scores did not show significant change at each session
(Fig. 3G-3I).

Then, we stratified the time-serial changes of parameters
according to the total number of sessions of IPL and MGX
combination therapies (i.e., one session [1S] to a maximum
of five sessions [5S]). While OSDI score did not change se-
rially in patients who had a total of one and two sessions of
IPL and MGX combination therapies, patients who had a
total of three or more sessions revealed time-serial symp-
tomatic relief (3S, p = 0.002; 4S, p < 0.001; 5S, p < 0.001)
(Table 3). The MG expressibility was improved in patients
who were treated with two or more sessions (2S-5S,
p <0.001), and the meibum quality grade improved in any
number of treatment sessions (1S, p = 0.012; 2S, p = 0.024;
38, p = 0.015; 4S, p < 0.001; 5S, p < 0.001) (Table 4). Lid
margin vascularity grade was improved only in patients
with a total of one and two sessions (1S, p = 0.002; 2S,
p = 0.021) (Table 4). While the time-serial improvement of
tear BUT showed statistical significance in patients with
the total of one, three, four, and five sessions (1S, p = 0.040;
3S, p = 0.005; 4S, p = 0.006; 5S, p = 0.021), other objective
parameters did not show the consecutive improvement in
all numbers of treatment sessions (Table 5).

In our cohort, there was no skin burn or blister forma-
tion in the face except temporary erythema that was im-
proved within a few hours. Hyperpigmentation occurred
in three patients in the lower lid area after two to three
treatment sessions but subsided over about 2 months spon-
taneously.

Table 3. The time-serial change of OSDI scores after the intense pulsed light and meibomian gland expression combination thera-

py according to the total number of sessions

OSDI score

Total no. of No. of = e’

sessions (S)  patients Baseline Post-first Post-second Post-third Post-fourth Post-fifth p-value
session session session session session

1S 10 50.8 +£24.7 403+23.4 - - - 0.241

28 25 37.7+23.0 34.1+23.9 36.1+21.0 - - - 0.669

3S 17 36.3+25.3 229+239 243 +20.2 20.5+22.0 - - 0.002
p-value? - - 0.043" 0.023" 0.047"

4S 20 47.3+23.0 29.6+18.3 31.54+£22.9 28.3+22.9 249 +24.5 - <0.001"
p-value* - - 0.023" 0.136 0.010 0.006'

58 18 38.2+26.7 32.6+25.9 31.8+26.1 31.6+22.7 27.8 £24.8 22.7+22.0 <0.001"
p-value* - - 0.084 0.578 0.149 0.006" 0.009"

Values are presented as mean + standard deviation, unless otherwise indicated.

OSDI = ocular surface disease index.

"Wilcoxon signed-rank test (1S) and repeated measures analysis of variance (28-5S); 'p < 0.05; ‘Bonferroni’s post hoc (vs. baseline).
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The difference in the baseline parameters according to
the final symptomatic improvement

Next, we compared the difference in the demographics,
the total number of sessions of treatment, the minocycline
intake, and the baseline ocular parameters between pa-
tients with and without final symptomatic improvement
represented by the decrease of OSDI scores after the con-
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secutive IPL and MGX combination therapies. Thus, we
further divided the patients into two subgroups; patients
with improved OSDI scores (i.e., subgroup 1, n = 65) and
patients with no improvement OSDI score after the last
treatment session compared to baseline (i.e., subgroup 2,
n = 35). The results are shown in Table 6. There was no
significant difference in the total treatment sessions be-
tween subgroups. The mean age of patients was younger in

Table 4. The time-serial change of MG profile grades after the intense pulsed light and MG expression combination therapy ac-

cording to the total number of sessions of therapy.

Total no. of sessions (S) pljg;:r?tfs Baseline P;s’sts'iflrlft sz((:)(j:ld Ps:;;ggi;d Positi;)(:gth P;S:;ﬁgh p-value’
(no. of eyes) session
MG expressibility (grade)
1S 10 (20) 1.6+£05 1.4+0.7 - - - - 0.083
28 25 (50) 15406 1.0+07 0906 - - - <0.001*
p-value' - - 0.006" <0.001*
3s 17 (34) 15£06 08+07 0705 0.6+06 - - <0.001*
p-value' - - 0.001* 0.001* <0.001*
4S 20 (40) 13£05 1.1£06 1.0£05 09+08 05+06 - <0.001*
p-value' - - >0.999 >0.999 0.881 0.001*
58 18 (36) 1.6+0.7 12406 09+07 1.0+06 10+05 0.6+0.5 <0.001
p-value' - - 0.035* 0.003* 0.440 0.132 <0.001*
Meibum quality (grade)
1S 10 (20) 19+£05 1.4+07 - - - - 0.012*
28 25 (50) 1.6£05 13+£06 1.1£0.6 - - - 0.024*
p-value' - - 0.772 0.016*
38 17 (34) 14+07 12406 1.1+£06 08+0.7 - - 0.015*
p-value' - - 0.577 0.815 0.003*
48 20 (40) 16+06 13+06 12+06 1.1+07 0.7+0.6 - <0.001*
p-value' - - 0.694 0.362 0.006* <0.001*
58 18 (36) 16+06 12+08 09+08 10+05 1.0+07 08+06 <0.001*
p-value' - - >0.999 0.188 0.068 0.188 0.003*
Lid margin vascularity
(grade)
1S 10 (20) 1.6£09 1208 - - - - 0.002*
28 25 (50) 15409 12+1.0 1208 - - - 0.021*
p-value' - - 0.051 >0.999
kN 17 (34) 13£08 1208 1.0+£08 0907 - - 0.227
4S 20 (40) 1.0+08 1.0+09 0.8+09 09+08 08+08 - 0.137
58 18 (36) 12406 1.0+07 08+06 09+08 1.0+08 09+08 0457

Values are presented as mean + standard deviation, unless otherwise indicated.

MG = meibomian gland.

"Wilcoxon signed-rank test (1S) and repeated measures analysis of variance (2S—5S); "‘Bonferroni’s post hoc (vs. baseline); “p < 0.05.
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subgroup 1 (subgroup 1, 58.0 + 12.5 years; subgroup 2, 63.4
+ 7.7 years; p = 0.046). The initial intake of minocycline
did not affect the symptomatic outcome after the protocol.
The baseline OSDI score was higher in subgroup 1 (sub-
group 1, 44.8 = 23.5; subgroup 2, 31.7+24.6; p = 0.022) and
the baseline tear MMP-9 grade was higher in subgroup 2
(subgroup 1, 1.1 £ 0.9; subgroup 2, 1.5 £ 1.2; p = 0.013).

Other parameters at the baseline were not different be-
tween the subgroups.

A logistic regression analysis, which was done to identi-
fy the contributing factors to the OSDI decrease after the
final session of treatment, revealed that female sex was the
sole factor in the final OSDI decrease after the IPL and
MGX therapies (odds ratio, 80.786; p = 0.042). Age, the in-

Table 5. The time-serial change of tear MMP-9 grades, tear BUT, tear osmolarity, tear secretion, and corneal erosion score after
the intense pulsed light and meibomian gland expression combination therapy according to the total number of sessions

Total no. of sessions (S) pljgér?fs Baseline I p-value’
(10, of eyes) session session session session session
Tear MMP-9 (grade)
28 25 (50) 1.6+0.5 - 1.1£0.6 - - - 0.521
4S 20 (40) 1.6 +0.6 - 1.2+0.6 - 0.7+0.6 - 0.126
Tear BUT (sec)
1S 10 (20) 73+2.7 93+2.1 - - - - 0.040"
28 25 (50) 59+24 7.4+24 6.7+£23 - - - 0.480
3S 17 (34) 62+23 79+2.7 89+21 6.6+1.0 - - 0.005"
p-valuet - - 0.081 0.076 >0.999
4S 20 (40) 7.1+£0.6 62+1.6 75424 76+24 83+2.1 - 0.006"
p-value' - - 0.205 >0.999 >0.999 >0.999
58 18 (36) 6.6+2.2 75+22 76+£22 9.0+28 7722 82+24 0.021°
p-value! - - 0.938 0.928 0.126 0.037° 0.013"
Tear osmolarity (mOsm/L)
28 25(50)  315.8+20.7 - 315.1+19.1 - - - 0.300
4S 20 (40)  308.0+18.6 - 305.7+243 - 302.1 +£30.9 - 0.564
Schirmer [ without
anesthesia (mm)
1S 10 (20) 11.1+9.3 8.8+5.5 - - - - 0.052
28 25 (50) 13.0+9.0 82+58 103+10.2 - - - 0.797
3S 17 (34) 12.1+£10.5 11.2+9.6 92477 78+20 - - 0.202
4S 20 (40) 9.5+83 7.7+53 85+85 123+11.1 10.6+9.6 - 0.487
58 18 (36) 93+£56 82+4.0 85+54 103+6.0 88+4.0 9.6+5.7 0.197
Corneal erosions (NEI
score)
1S 10 (20) 13+1.6 0.6+1.1 - - - - 0.180
28 25 (50) 06+1.3 05+1.0 04+1.0 - - - 0.310
3S 17 (34) 0.6+1.2 09+1.4 08+14 - - - 0.003"
p-value! - - 0.662 >0.999 0.269
4S 20 (40) 08+1.5 0.7+1.4 04+1.1 08«14 1.0£2.6 - 0.317
5S 18 (36) 04+0.8 09+1.2 06+09 05+09 09+12 0.1+04 0.071

Values are presented as mean + standard deviation, unless otherwise indicated.
MMP = matrix metalloproteinase; BUT = break-up time; NEI = National Eye Institute. .
Wilcoxon signed-rank test (1S) and repeated measures analysis of variance (25-5S); 'p < 0.05; ‘Bonferroni’s post hoc (vs. baseline).
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take of minocycline, baseline values of OSD score, MGD
severity grades, tear MMP-9 grade, tear BUT, tear secre-
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the ratio of patients with the final subjective relief among
MGD severity stages (p = 0.379, chi-square test) (Table 7).

tion, and corneal staining scores were not significant con-
tributors.

The proportion of the patients with final subjective im- Discussion
provement was 79%, 60%, 73%, and 100% in MGD stages

1 to 4, respectively. There was no statistical difference in Numerous clinical trials recently reported the therapeu-

Table 6. Difference of baseline clinical data according to the final improvement of subjective ocular discomfort

Parameter Subgroup 1 Subgroup 2 p-value’
Total no. of patients (no. of eyes) 65 (130) 25 (50) -
No. of total sessions’ 3.1+£1.3 31+14 0.950
Demographic
Sex! 0.078
Male 10 (15.4) 8(32.0)
Female 55 (84.6) 17 (68.0)
Age (yr) 58.0+12.5 63.4+7.7 0.046°
Minocycline intake* 0.088
Yes 46 (70.8) 23 (92.0)
No 19 (29.2) 2 (8.0)
Baseline ocular surface parameter
OSDI (score) 448 +23.5 31.7+24.6 0.022°
MG profile grading (grade)
MG expressibility’ 1.5+ 0.6 1.4+0.5 0.502
Meibum quality 1.6+0.6 1.6 £ 0.6 >0.999
Lid margin vascularity 1.3+0.8 1.3+0.8 0.929
Tear MMP-9 (grade) 1.1+£0.9 1.5+1.2 0.013*
Tear BUT (sec)’ 6.6+24 6.5+2.2 0.970
Tear osmolarity (mOsm/L) 3126+21.4 312.0£20.9 0918
Schirmer I without anesthesia (mm)’ 11.6+9.2 9.8+6.8 0.515
Corneal erosions (NEI score)’ 0.7+1.3 0.8+1.5 0.624

Values are presented as mean + standard deviation or number (%), unless otherwise indicated. Subgroup 1, with the final decrease of
OSDI score. Subgroup 2, without the final decrease of OSDI score.

OSDI = ocular surface disease index; MG = meibomian gland; MMP-9 = matrix metalloproteinase-9; BUT = break-up time; NEI =
National Eye Institute.

"Student’s t-test, except otherwise indicated; "Mann-Whitney U-test; “Chi-square test; *p < 0.05.

Table 7. Difference in the proportion of the patient with the final subjective improvement after the consecutive intense pulsed light
and meibomian gland expression combination therapy among the baseline severity of the MGD

. MGD stage Total
Variable -
1 (n=19) 2 (n=20) 3 (n=48) 4 (n=3) (n=90)
With the final OSDI improvement 15(79) 12 (60) 35(73) 3 (100) 65
Without the final OSDI improvement 4(21) 8 (40) 13 (27) 0(0) 35

Values are presented as number (%).
MGD = meibomian gland dysfunction; OSDI = ocular surface disease index.
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tic effects of IPL with variable sessions in the treatment of
MGD with concurrent additional treatments [11]. While the
majority of studies performed three sessions [27-37] or
four sessions [38-43] with 2-week or 4-week intervals,
some reported that the efficacy of IPL therapies of even up
to eight sessions [12,44] in MGD management. Despite that
four sessions with a 3-week interval of IPL therapy are
widely recognized now, we initially attempted a total of
five sessions of treatment based on the variable sessions
from the previous reports because the standard optimal
session has not yet been established. We retrospectively in-
cluded patients with MGD who had different numbers of
IPL and MGX combination sessions up to five sessions
with a 2-week interval. Then, we analyzed the time-serial
improvement of both subjective and objective parameters
in each total number of sessions. The OSDI score, dynamic
MG profile grade, and tear BUT were improved in MGD
after the consecutive sessions of IPL and MGX combina-
tion therapy. However, the overall subjective relief was ac-
complished in patients who had a total of three or more
sessions unlike MG profiles, and tear film instability might
be improved just after a few sessions.

Regarding IPL and MGX are intermittent treatments
with a long interval and cannot be done at home as
self-treatment, oral minocycline that was 50 mg once a day
daily was prescribed for 1 month and patients were al-
lowed to use diquafosol sodium and steroid eye drops to
relieve the daily discomfort of MGD. Such use of concur-
rent medications may detract from the specific effect of
IPL and MGX combination therapy which was usually
seen through previous clinical trials [11]. However, it is
hard to apply strict or fixed protocol over several months
practically in clinics because patients usually want to stop
or stop treatment by themselves after they became to feel
better from their ocular discomfort. Furthermore, patients
want to use simple eye drops preferentially or even already
have used ophthalmic medication as needed (PRN). Pa-
tients either like or hate oral pills depending on their gas-
trointestinal conditions. Therefore, we wanted to reflect on
the reality of situations for MGD treatments during the
treatment in our cohort. In this regard, IPL and MGX com-
bination therapy were stoppable before the completion of a
maximum of five sessions when they felt subjective im-
provement and the usage of concurrent medication was
flexible depending on their MGD-related symptoms.

At the baseline, there was no difference in demographics
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and values of parameters including dynamic and static MG
profile grades, tear BUT, tear osmolarity, tear secretion,
and corneal erosion score in all session number groups ex-
cept tear MMP-9 (Table 2). Although the five-grading sys-
tem from point-of-care MMP-9 immunoassay might reflect
the gradual difference of concentration of MMP-9 in tear
as previously investigated [24], the intergroup difference
of tear MMP-9 might not always guarantee the real differ-
ence in MGD severity based on the essential semi-quanti-
tative nature of the assay.

The time-serial subjective relief represented by the OSDI
score decrease was seen in patients with a total of three or
more sessions. However, we do not think that a minimum
of three sessions of IPL and MGX therapies are essential to
secure the symptomatic improvement in our treatment mo-
dality and method because patients with a total of three
and four sessions of treatment already experienced symp-
tom relief even after the first session (Table 3). In addition,
there was no significant difference in the total number of
sessions between subgroups with versus without the final
OSDI improvement (Table 6). The drawback of the study
design, which included a retrospective observational co-
hort in which patients are allowed to stop the consecutive
sessions if they wanted to whether it was because of the
rapid symptom improvement or the dissatisfactory re-
sponse to the therapy, might have put in other factors be-
yond the treatment itself. Nevertheless, given that the
OSDI scores continued to improve until the final in pa-
tients who had a total of three or more sessions and that
the pooling data from the whole 90 patients revealed a sig-
nificant decrease in OSDI scores especially after the third
session compared to baseline, we think that the subjective
improvement felt by the patient may not easily be achieved
early during the consecutive treatment. Also, patients’
steady willingness to the consecutive therapies may con-
tribute to the overall subjective improvement. But this is-
sue must be verified in the prospective study with various
groups randomly assigned to a different number of treat-
ment sessions.

Intriguingly, MG profile grades and tear instability were
improved even in patients with a total of one session of
treatment (Tables 4, 5) unlike the OSDI results. This may
be due to the multifactorial pathogenesis of MGD [3]. In
addition, the different perception patterns of ocular sur-
face-related discomfort verified by the OSDI questionnaire
depending on the accompanying disease such as Sjogren’s



syndrome [25] also suggest that the objective and subjec-
tive symptoms do not always go along with each other.

The tear BUT increased overall in the total of one, three,
four, or five sessions groups, and the pooling data from
tear MMP-9 grades from whole patients decreased after
the fourth session in this study along with the subjective
improvement. These results are concordant with previous
studies which showed a decrease in tear levels of inflam-
matory cytokines, such as interleukin-6, interleukin-17,
and tumor necrosis factor a, after IPL therapies and re-
vealed the relation between these cytokines and MGD
symptoms or MG profiles [28,35]. By contrast, at baseline,
ocular surface erosions in the cornea were minimal and
tear secretion was tolerable. Erosion scores and tear secre-
tion did not change significantly after the completion of
sessions compared to baseline. Such discordance suggests
that the tear film instability or ocular surface inflammation
might be major contributors to the ocular surface discom-
fort in our cohort of MGD patients. It is thought that the
IPL therapy contributed to qualified lipid secretion from
meibomian glands, and it resultantly helped in maintaining
tear film by preventing tear evaporation.

We further tried to discover which factors were related
to better symptomatic control after the IPL and MGX con-
secutive therapies and the female sex was the sole contrib-
utor to the positive response. Such a different subjective
response to the IPL and MGX combination therapy may be
hormonal and gender differences beyond the biological sex
difference. Women’s healthcare-seeking behavior and
health service utilization earlier as noted in DED [45,46]
might have provided opportunities for early and active in-
tervention to manage MGD. However, the statistical signif-
icance of sex as a contributor to the positive response was
quite marginal (p = 0.042). The protocolized trial in sub-
jects with the same MGD severity is needed to identify the
definite demographics or the baseline ocular parameters to
predict the favorable outcome after the IPL and MGX
combination therapy.

The group with the final OSDI improvement showed pa-
tients with lower age, higher initial OSDI score, and lower
baseline tear MMP-9 grade. The reasons for these factors
are not fully understood. But we assume that since MGD
is known to develop with the aging process [47], young pa-
tients’ MG would not be in fixed, structural deformities
and remained capacity for improvement after treatment.

The intensity of IPL (Aqua Cel) was 15 to 16 J/cm”in our
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cohort which was higher than a range of 11 to 14 J/cm’
from M22 IPL machine (Lumenis, Yokneam, Israel) in
Asian patients [12], but nonetheless, there were no well-
known adverse effects of IPL including skin burn, swell-
ing, or blister formation [11] during the use of with Aqua
Cel IPL. Aqua Cel allows higher energy intensity than oth-
er IPL machines with safety because its handpiece has a
patented automatic temperature control device inside,
which can keep cooling IPL crystal rapidly and efficiently.
A recent retrospective study compared the effect between
Aqua Cel and M22 devices in MGD patients and showed
that both devices improved the Standard Patient Evaluation
of Eye Dryness Questionnaire (SPEED) score, tear BUT,
lid margin abnormalities, fluorescein staining, and meibum
grade without significant differences [48]. Although the
fluence and the total number of sessions were different and
they did not accompany the MGX after the IPL treatment,
our results of the subjective and objective improvement by
AQUA CEL IPL therapy go along with the previous study
[48].

It was recommended to evaluate the biochemical fea-
tures of tears in DED from the more severe eye [49]. Also,
the more severe eye may reflect the ocular discomfort bet-
ter. However, given that IPL and MGX treatment was done
independently in each eye and the objective parameters
were evaluated separately, we included patients who had
bilateral MGD, so who were performed with the IPL and
MGX treatment in their both eyes. It is suggested that the
random selection of one eye or the selection of more severe
stage of eye may be preferred in a future study to correlate
the subjective discomfort with ocular objective parameters
after the IPL and MGX combination therapy.

This study has several limitations, which include: (1) a
single-arm study based on retrospective data and (2) inho-
mogeneous treatment in the aspect of concurrent medica-
tions, severity stages of MGD, and the total number of IPL
and MGX treatment sessions. Despite the limitation, this
study merits in that we showed the therapeutic results in
each total treatment session group and that we reported the
different patterns of improvement between subjective and
objective parameters within the same number of sessions.
Moreover, we first report the therapeutic effect of Aqua
Cel, a newly launched IPL machine for MGD treatment in
Korea. A further prospective case-control study would
give stronger evidence to the therapeutic results using the
Aqua Cel IPL machine.

539



Korean J Ophthalmol Vol.36, No.6, 2022

Although the overall subjective relief was accomplished
in patients who had a total of three or more sessions in this
study, our results do not show the optimal number of treat-
ment sessions of IPL and MGX combination therapies. Re-
cently, Toyos et al. [S0] proposed four sessions of IPL and
MGX combination therapy at 2-week interval in a random-
ized controlled study in MGD patients with moderate to
severe symptoms. In this regard, the establishment of the
optical protocol according to the IPL machine and to the
severity of MGD will be one of the interesting candidate
research topics.

In conclusion, we observed the time-serial therapeutic
results of IPL and MGX combination therapy in MGD and
compared the effect of symptomatic and objective parame-
ter improvement according to the total number of sessions.
Although the patients were not randomly assigned to the
different total number of treatment sessions, the different
patterns of change in OSDI scores according to the total
number of sessions and the discrepancy of overall im-
provement between the objective and subjective parame-
ters may guide clinicians to predict the short-term effect
and to determine to continue the subsequent session during
the MGD treatment.
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