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Purpose: To evaluate the eﬃcacy and safety of intense pulsed light (IPL) combined with meibomian gland expression (MGX) for treatment of refractory meibomian gland dysfunction (MGD).
Methods: Ninety eyes of 45 patients were randomly assigned to receive either the combination of IPL and MGX
or MGX alone (control). Each eye underwent eight treatment sessions at 3-week intervals. Parameters were
evaluated before and during treatment as well as at 3–11 weeks after the last treatment session. Measured
parameters included the Standard Patient Evaluation of Eye Dryness (SPEED) questionnaire score, noninvasive
breakup time (NIBUT), ﬂuorescein breakup time (BUT), lipid layer grade, lipid layer thickness (LLT), lid margin
abnormalities, corneal and conjunctival ﬂuorescein staining (CFS) score, meibum grade, and meiboscore.
Results: A signiﬁcant improvement in lipid layer grade was apparent in the IPL-MGX group from 6 to 32 weeks
after treatment onset (adjusted P < 0.001) but was not observed in the control group. The IPL-MGX group also
showed signiﬁcant improvements in LLT, NIBUT, BUT, lid margin abnormalities, and meibum grade compared
with the control group at 24 and 32 weeks (adjusted P < 0.001) as well as signiﬁcant improvements in the
SPEED score at 32 weeks (adjusted P = 0.044) and in CFS score at 24 (adjusted P = 0.015) and 32 (adjusted
P = 0.006) weeks.
Conclusions: The combination of IPL and MGX improved homeostasis of the tear ﬁlm and ameliorated ocular
symptoms in patients with refractory MGD and is thus a promising modality for treatment of this condition.

1. Introduction
Dry eye disease is deﬁned as a multifactorial disease of the ocular
surface characterized by a loss of homeostasis of the tear ﬁlm and accompanied by ocular symptoms that result in part from tear ﬁlm instability and hyperosmolarity, ocular surface inﬂammation and damage, and neurosensory abnormalities [1]. Intense pulsed light (IPL)
therapy has been shown to ameliorate ocular symptoms, tear ﬁlm instability, and ocular surface inﬂammation and damage in dry eye associated with meibomian gland dysfunction (MGD) [2–14]. We previously showed that the Kowa DR-1α tear interferometer is able to
evaluate the balance between the lipid and aqueous layers of the tear
ﬁlm [15]. These two components compensate for each other to maintain homeostasis of the tear ﬁlm [15,16], but the eﬀect of IPL treatment
on the balance between them has been unknown.

MGD is a chronic abnormality of meibomian glands characterized
by terminal duct obstruction or qualitative or quantitative changes in
glandular secretion [17]. It gives rise to an imbalance in the tear ﬁlm
due to a deﬁciency of the lipid layer. MGD is the leading cause of
evaporative dry eye [17], and it accounts for most cases of dry eye
overall [18]. The goal of MGD therapy is to provide a long-term amelioration of symptoms by improving the quality of meibum or increasing meibum ﬂow—and thereby normalizing the balance between
the lipid and aqueous layers of the tear ﬁlm and restoring tear ﬁlm
stability—as well as by reducing inﬂammation. Common therapies include the application of a warm compress, the practice of lid hygiene,
dietary supplementation with omega-3 fatty acids, forced meibum expression [17], intraductal probing [19], automated thermal pulsation
[20], and the administration of preservative-free eyedrops, lipid-containing eyedrops, diquafosol eyedrops [21], topical cyclosporine or
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azithromycin, and oral doxycycline. Despite the variety of treatment
options available, however, patients often do not experience complete
or long-term relief of symptoms.
IPL therapy is widely adopted in the cosmetic industry as well as
therapeutically for the removal of hypertrichosis, benign cavernous
hemangiomas or venous malformations, telangiectasia, port wine
stains, and pigmented lesions [22]. A systematic review showed that
IPL is an eﬀective and well-tolerated treatment option for a range of
dermatologic conditions including telangiectasia and facial erythema
[23]. An improvement in ocular surface health was observed serendipitously in individuals undergoing IPL for the dermatologic manifestations of rosacea, leading to interest in IPL as a potential therapy for
MGD [24]. IPL alone was thus found to improve subjective symptoms
and objective ﬁndings [2,6], whereas the combination of IPL and
meibomian gland expression (MGX) improved dry eye symptoms and
gland function [4,5,7,14], in patients with MGD.
We previously showed that the combination of IPL and MGX ameliorated symptoms and improved the condition of the tear ﬁlm in a
single-arm study with patients with refractory MGD [25]. To evaluate
further the eﬃcacy and safety of combined therapy with IPL and MGX
in patients with refractory MGD, we have now performed a prospective,
controlled study to examine the comprehensive eﬀects of this approach
in comparison with MGX alone.
2. Methods
The study was approved by the Institutional Review Board of Itoh
Clinic, adhered to the tenets of the Declaration of Helsinki, and was
performed at Itoh Clinic from May 2016 to August 2017. Written informed consent was obtained from each patient before enrollment in
the study (UMIN000022747).

Fig. 1. Treatment and follow-up protocol for the intense pulsed light
(IPL)–meibomian gland expression (MGX) and MGX (control) groups. Each
patient underwent a series of eight treatment sessions at 3-week intervals and
was subjected to clinical assessment before treatment at each visit as well as 3,
7, and 11 weeks after the ﬁnal treatment.

2.1. Subjects
visual acuity, lens opacity, and intraocular pressure as well as by fundus
examination before and 32 weeks after the ﬁrst treatment session. For
evaluation of treatment eﬃcacy, the following parameters were measured before each treatment and at each follow-up visit: lipid layer
thickness (LLT) of the tear ﬁlm as determined with a LipiView instrument (TearScience, Morrisville, NC) [29], noninvasive breakup time
(NIBUT) of the tear ﬁlm and tear interferometric fringe pattern as determined with the DR-1α tear interferometer (Kowa, Aichi, Japan) [15],
lid margin abnormalities [30] as observed with a slitlamp microscope,
breakup time (BUT) of the tear ﬁlm as determined by ﬂuorescein
staining as well as the corneal and conjunctival staining (CFS) score
[31], meibum grade(27) as determined by slitlamp microscopy, morphological changes of meibomian glands as assessed by noninvasive
meibography (meiboscore) [32], and tear production as measured by
the Schirmer test performed without anesthetic [33]. Symptoms were
also assessed with the Standard Patient Evaluation of Eye Dryness
(SPEED) [34] validated questionnaire.

Patients with refractory MGD attending Itoh Clinic were enrolled.
Inclusion criteria were as follows [1]: age of at least 20 years [2]; diagnosis of MGD according to Japanese MGD diagnostic criteria [26]
including ocular symptoms, plugged gland oriﬁces, vascularity of lid
margins, irregularity of lid margins, and decreased meibum quality and
quantity (Shimazaki grading) [3,27] Fitzpatrick skin type of 1–4 according to sun sensitivity and appearance of the skin [28], as well as the
absence of active lesions, skin cancer, or speciﬁc skin pathology that
would exclude treatment with IPL; and [4] refractory MGD as deﬁned
by the failure to respond over a period of at least 2 years to at least
three types of conventional therapy prescribed in Japan, including topical or systemic anti-inﬂammatory therapy, topical or systemic antibiotic therapy, lubricant eyedrops or topical ointment, automated
thermal pulsation, and intraductal probing. Given that most patients
with MGD have applied a warm compress or practiced lid hygiene at
home regardless of disease severity, these home-care remedies were not
included as failed therapies in the present study.

2.4. Combined treatment with IPL and MGX
2.2. Experimental design
Before the ﬁrst IPL treatment, each patient underwent Fitzpatrick
skin typing [28], and the IPL machine (M22; Lumenis, Yokneam, Israel)
was adjusted to the appropriate setting (range of 11–14 J/cm2). At each
treatment session, both eyelids were closed and sealed with IPL-Aid
disposable eye shields (Honeywell Safety Products, Smithﬁeld, RI).
After generous application of ultrasonic gel to the treatment area, patients received ∼13 light pulses (with slightly overlapping areas of
application) from the left preauricular area, across the cheeks and nose,
to the right preauricular area, with the treated area reaching up to the
inferior boundary of the eye shields. The procedure was then repeated
in a second pass. Immediately after the IPL treatment, MGX was performed on both upper and lower eyelids of each eye with an Arita
Meibomian Gland Compressor (Katena, Denville, NJ). Pain was

Refractory MGD patients were randomly assigned to receive either
IPL with MGX (IPL-MGX) or MGX alone as a control. Each patient underwent a series of eight treatment sessions at 3-week intervals. After
the eight treatment sessions, each patient underwent three follow-up
examinations over the course of 11 weeks (Fig. 1). All patients used a
warming compress once a day and diquafosol eyedrops (Diquas; Santen,
Osaka, Japan) six times a day during the study including the follow-up
period. Clinical assessment was performed as described below.
2.3. Clinical assessment
The safety of IPL-MGX treatment was evaluated by measurement of
2
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onset in either treatment group (data not shown).

minimized during this procedure by topical application of 0.4% oxybuprocaine hydrochloride.

3.2. Eﬃcacy of IPL-MGX
2.5. Control (MGX only) treatment
The characteristics of the eyes in the IPL-MGX group and the control
group before as well as 24 and 32 weeks after treatment onset are
shown in Table 2. No signiﬁcant diﬀerences in parameters were detected between the two groups before treatment. The SPEED score was
signiﬁcantly reduced at both 24 and 32 weeks after treatment onset in
both groups. Whereas the SPEED score did not diﬀer signiﬁcantly between the two groups at 24 weeks, it was signiﬁcantly smaller in the
IPL-MGX group than in the control group at 32 weeks. Signiﬁcant increases in NIBUT and BUT as well as signiﬁcant decreases in plugging
and meibum grade were also apparent at both time points after treatment initiation in both groups. However, the eyes in the IPL-MGX group
showed a signiﬁcantly better improvement in NIBUT, BUT, plugging,
and meibum grade compared with those in the control group. A signiﬁcant increase in LLT as well as signiﬁcant decreases in vascularity
and CFS score were detected at both time points after treatment only in
the IPL-MGX group. Irregularity, meiboscore, and Schirmer test value at
24 and 32 weeks after treatment onset did not diﬀer signiﬁcantly between the control and IPL-MGX groups. An improvement in SPEED
score, NIBUT, BUT, plugging, meibum grade, LLT, vascularity, and CFS
score was thus still apparent at 11 weeks after the ﬁnal treatment session in the IPL-MGX group, with such an improvement in LLT, vascularity, and CFS score not being observed in the control group.
The time courses of the SPEED score, NIBUT, BUT, plugging, and
vascularity before, during, and after treatment in the two groups are
shown in Figs. 2–6, respectively. Although the SPEED score, NIBUT,
and BUT were signiﬁcantly improved in the control group during and
after treatment compared with before treatment, these parameters did
not achieve the cutoﬀ values for diagnosis of dry eye. The SPEED score
in the IPL-MGX group was decreased signiﬁcantly from 3 to 32 weeks
after treatment onset compared with before treatment, whereas that in
the control group was signiﬁcantly reduced from 15 to 32 weeks
(Fig. 2). Signiﬁcant increases in NIBUT (Fig. 3) and BUT (Fig. 4) were
apparent during and after treatment in both groups. The IPL-MGX
group also showed a signiﬁcant decrease in plugging (Fig. 5) and vascularity (Fig. 6) from 3 to 32 weeks after treatment onset, whereas a
signiﬁcant decrease in plugging was not apparent until 6 weeks in the
control group.
Finally, the time course of lipid layer grade(15) in the two treatment
groups is shown in Fig. 7. The tear interferometric fringe pattern in the
control group maintained its crystal-like appearance, indicative of a
thin lipid layer, both during and after treatment. A signiﬁcant improvement in lipid layer dynamics, with a shift in interferometric pattern from crystal-like to pearl-like appearance, indicative of the normal
tear ﬁlm condition, was apparent from 6 to 32 weeks after treatment
onset in the IPL-MGX group.

MGX was performed on both upper and lower eyelids of each eye
with an Arita Meibomian Gland Compressor (Katena) every 3 weeks.
Eyedrops containing 0.4% oxybuprocaine hydrochloride were administered to minimize pain.
2.6. Statistical analysis
Sample size was calculated on the basis of assumed mean diﬀerences in LLT of 27.4 and 29.6 nm between the IPL-MGX group and the
control group at 24 and 32 weeks after treatment onset, respectively,
with corresponding SD values of 17.9 and 17.2 nm; in NIBUT of 3.9 and
4.8 s between the IPL-MGX and control groups at 24 and 32 weeks after
treatment onset, respectively, with corresponding SD values of 0.7 and
0.9 s; and in meibum grade of 1.1 and 1.4 between the two groups at 24
and 32 weeks after treatment onset, respectively, with corresponding
SD values of 0.6 and 0.7. These assumed diﬀerences were based on the
ﬁndings of a pilot study with 20 eyes of 10 patients in each group. With
these assumptions, a sample size of 24 eyes per group would yield a
power of > 90% to show a signiﬁcant diﬀerence with a two-sample ttest. We chose an α level of 0.025 to ensure an overall type I error rate
of 0.05 according to the Bonferroni procedure. After testing for
homogeneity of variance, we used the paired Student's t-test to compare
variables between before and either 24 or 32 weeks after treatment
onset as well as the unpaired t-test to compare pretreatment or posttreatment variables between the control and IPL-MGX groups.
Comparison of NIBUT, BUT, SPEED score, plugging, and vascularity
between before and various times after the onset of treatment was
performed with the paired t-test, whereas that of tear interferometric
fringe pattern between before and after treatment was performed with
Fisher's exact test. Bonferroni's correction was applied to correct for
multiple comparisons. Adjusted P values were obtained by multiplying
P values by the number of comparisons in the Bonferroni's correction.
Statistical analysis was performed with JMP Pro version 11 software
(SAS, Cary, NC). All statistical tests were two sided, and a P value
of < 0.05 was considered statistically signiﬁcant.
3. Results
Patient demographics are shown in Table 1. Ninety eyes of 45 patients were enrolled in the study. Three patients in the MGX (control)
group subsequently withdrew from the study because of pain during the
procedure, leaving a total of 20 patients in the MGX group and 22
patients in the IPL-MGX group.
3.1. Safety of IPL-MGX

4. Discussion
Visual acuity, intraocular pressure, lens opacity, and fundus condition showed no change between before and 32 weeks after treatment

This is the ﬁrst prospective and randomized study to show that a

Table 1
Characteristics of the study subjects in the intense pulsed light (IPL)–meibomian gland expression (MGX) and MGX (control) groups.
Characteristic

IPL-MGX group (n = 22)

Control (MGX) group (n = 20)

Age (years), mean ± SD (range)
Sex (male/female)
Duration of MGD (years), mean ± SD (range)
At least three meibomian gland dropouts in one eyelid
History of contact lens wear
Coincidence of ADDE
Previous ocular surgery, blepharosurgery, or blepharoplasty

61.0 ± 18.0 (23–81)
9 (41%)/13 (59%)
9.6 ± 5.9 [2–21]
17 (77.3%)
12 (54.5%)
12 (54.5%)
6 (27.3%)

61.9 ± 12.2 (39–78)
8 (40%)/12 (60%)
8.7 ± 4.5 [2–15]
15 (75%)
12 (60.0%)
8 (40%)
8 (40%)

MGD, meibomian gland dysfunction; ADDE, aqueous-deﬁcient dry eye.
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Table 2
Characteristics of intense pulsed light (IPL)-meibomian gland expression (MGX) and MGX (control) groups before as well as 24 and 32 weeks after treatment onset.
Characteristic

Group

Pretreatment
Mean ± SD

24 weeks after treatment onset
Adjusted
P value
for

Mean ± SD

Mean
change ± SE

IPL-MGX
vs.
control
SPEED score
(0–28)
LLT (nm)
Plugging
(0–3)
Vascularity
(0–3)
Irregularity
(0–2)
Meiboscore
(0–6)
Meibum grade
(0–3)
NIBUT (s)
BUT (s)
CFS score
(0–9)
Schirmer
value
(mm)

IPL-MGX
Control
IPL-MGX
Control
IPL-MGX
Control
IPL-MGX
Control
IPL-MGX
Control
IPL-MGX
Control
IPL-MGX
Control
IPL-MGX
Control
IPL-MGX
Control
IPL-MGX
Control
IPL-MGX
Control

14.7 ± 3.4
12.7 ± 4.8
46.0 ± 10.0
48.8 ± 17.3
1.9 ± 0.8
2.2 ± 0.8
1.5 ± 0.8
1.4 ± 0.9
0.9 ± 0.9
1.1 ± 0.8
4.5 ± 1.3
4.2 ± 1.1
2.2 ± 0.8
2.0 ± 0.5
2.5 ± 1.2
2.4 ± 1.2
2.9 ± 0.9
2.8 ± 1.1
1.1 ± 1.4
0.8 ± 1.1
8.5 ± 7.7
9.6 ± 9.5

0.39
1.00
0.57
1.00
1.00
0.82
0.83
1.00
1.00
0.68
1.00

5.9 ± 6.0
9.1 ± 3.8
67.3 ± 17.7
50.5 ± 16.9
0.2 ± 0.4
1.7 ± 0.7
0.2 ± 0.4
1.4 ± 0.9
0.8 ± 0.8
1.0 ± 0.8
4.2 ± 1.2
4.2 ± 1.1
0.3 ± 0.6
1.4 ± 0.7
6.6 ± 2.4
3.3 ± 0.7
6.2 ± 2.4
3.7 ± 0.9
0.2 ± 0.4
0.8 ± 1.2
8.8 ± 7.0
11.0 ± 9.2

−8.3 ± 0.9
−3.7 ± 0.6
21.3 ± 2.6
1.8 ± 1.9
−1.7 ± 0.1
−0.5 ± 0.1
−1.3 ± 0.1
0.0 ± 0.0
−0.1 ± 0.0
0.0 ± 0.0
−0.3 ± 0.1
0.0 ± 0.0
−1.9 ± 0.1
−0.6 ± 0.1
4.1 ± 0.3
0.9 ± 0.2
3.3 ± 0.4
0.9 ± 0.2
−1.0 ± 0.2
0.0 ± 0.1
0.3 ± 0.8
1.4 ± 0.5

32 weeks after treatment onset
Adjusted P
value vs.

Adjusted P
value for

Pretreatment

IPL-MGX
vs. control

< 0.001**
< 0.001**
< 0.001**
0.7
< 0.001**
< 0.001**
< 0.001**

0.24

0.17
0.65
0.003*
0.65
< 0.001**
< 0.001**
< 0.001**
< 0.001**
< 0.001**
< 0.001**
< 0.001**
1
1
0.003*

0.84

< 0.001**
< 0.001**
< 0.001**

1
< 0.001**
< 0.001**
< 0.001**
0.015*
0.69

Mean ± SD

5.5 ± 5.4
9.2 ± 3.9
66.1 ± 18.0
49.5 ± 16.4
0.1 ± 0.3
1.7 ± 0.7
0.2 ± 0.4
1.4 ± 0.9
0.8 ± 0.8
1.0 ± 0.8
4.2 ± 1.2
4.2 ± 1.1
0.3 ± 0.6
1.8 ± 0.7
7.0 ± 2.7
3.0 ± 0.9
6.6 ± 2.4
3.1 ± 1.0
0.1 ± 0.3
0.8 ± 1.2
8.4 ± 5.9
10.9 ± 9.5

Mean
change ± SE

−9.2 ± 0.9
−3.6 ± 0.6
20.1 ± 2.7
0.8 ± 1.7
−1.8 ± 0.1
−0.5 ± 0.1
−1.3 ± 0.1
0.0 ± 0.0
−0.1 ± 0.1
0.0 ± 0.0
−0.3 ± 0.1
0.0 ± 0.0
−1.8 ± 0.1
−0.3 ± 0.1
4.5 ± 0.4
0.6 ± 0.2
3.7 ± 0.4
0.4 ± 0.1
−1.0 ± 0.2
0.0 ± 0.1
−0.1 ± 0.6
1.3 ± 0.5

Adjusted P
value vs.

Adjusted P
value for

Pretreatment

IPL-MGX
vs. control

< 0.001**
< 0.001**
< 0.001**
1.00
< 0.001**
< 0.001**
< 0.001**

0.044*

0.047*
0.65
< 0.001**
0.65
< 0.001**
0.002*
< 0.001**
< 0.001**
< 0.001**
0.005*
< 0.001**
1.0
1.00
0.026*

0.5

< 0.001**
< 0.001**
< 0.001**

1
< 0.001**
< 0.001**
< 0.001**
0.006*
0.5

SPEED, Standard Patent Evaluation of Eye Dryness; LLT, lipid layer thickness; NIBUT, noninvasive breakup time; BUT, breakup time; CFS, corneal-conjunctival
staining.

Fig. 2. Time course of the Standard Patient Evaluation of Eye Dryness
(SPEED) score before, during, and after treatment in the intense pulsed
light (IPL)–meibomian gland expression (MGX) and MGX (control) groups.
Data are means ± SD (n = 22 and 20, respectively). *Adjusted P < 0.05,
**adjusted P < 0.001 versus corresponding pretreatment (time 0) value
(paired t-test with Bonferroni's correction for nine comparisons). Arrow indicates ﬁrst examination of the follow-up period.

Fig. 3. Time course of tear ﬁlm noninvasive breakup time (NIBUT) before,
during, and after treatment in the intense pulsed light (IPL)–meibomian
gland expression (MGX) and MGX (control) groups. Data are means ± SD
(n = 44 and 40, respectively). *Adjusted P < 0.05, **adjusted P < 0.001
versus corresponding pretreatment (time 0) value (paired t-test with
Bonferroni's correction for nine comparisons). Arrow indicates ﬁrst examination of the follow-up period.

series of IPL-MGX treatment sessions signiﬁcantly improved subjective
symptoms and objective signs compared with MGX alone in patients
with refractory MGD. We evaluated a total of 12 parameters including
those related to meibomian glands and the lipid layer of the tear ﬁlm
both before treatment as well as at each of the eight treatment sessions
and for up to 11 weeks after the ﬁnal treatment. Our Results thus indicate that IPL-MGX is a promising therapeutic approach for patients

with refractory MGD.
Both IPL-MGX and MGX alone resulted in a signiﬁcant improvement
in various measured parameters compared with pretreatment values.
IPL-MGX thus signiﬁcantly improved the SPEED score and CFS score,
tear ﬁlm–related parameters such as NIBUT, LLT, and BUT, eyelid
conditions such as vascularity and plugging, as well as both the
4
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Fig. 6. Time course of vascularity before, during, and after treatment in
the intense pulsed light (IPL)–meibomian gland expression (MGX) and
MGX (control) groups. Data are means ± SD (n = 44 and 40, respectively).
**Adjusted P < 0.001 versus corresponding pretreatment (time 0) value
(paired t-test with Bonferroni's correction for nine comparisons). Arrow indicates ﬁrst examination of the follow-up period.

Fig. 4. Time course of tear ﬁlm breakup time (BUT) measured by ﬂuorescein staining before, during, and after treatment in the intense pulsed
light (IPL)–meibomian gland expression (MGX) and MGX (control) groups.
Data are means ± SD (n = 44 and 40, respectively). *Adjusted P < 0.05,
**adjusted P < 0.001 versus corresponding pretreatment (time 0) value
(paired t-test with Bonferroni's correction for nine comparisons). Arrow indicates ﬁrst examination of the follow-up period.

32 weeks. However, neither irregularity nor the Schirmer test value
diﬀered between the two groups at either time point.
The SPEED score was signiﬁcantly improved from a mean value of
14.7 to 5.9 and from 12.7 to 9.1 between before and 24 weeks after
treatment initiation in the IPL-MGX and control groups, respectively. At
32 weeks, the mean values were 5.5 and 9.2 in the IPL-MGX and control
groups, respectively. The cutoﬀ value of the SPEED score for evaluation
of dry eye disease is 9 [35], with individuals with a score of 9 or higher
thus complaining of ocular symptoms of dry eye. Whereas the amelioration of symptoms by MGX alone was statistically signiﬁcant, it might
therefore not have been clinically eﬀective. IPL-MGX treatment improved ocular symptoms to such an extent that the SPEED score was
substantially below the cutoﬀ value for dry eye. A similar pattern was
observed for NIBUT (cutoﬀ value of 5 s) [15] and BUT (cutoﬀ value of
5 s) [36], with IPL-MGX improving these parameters from the abnormal
to normal range whereas MGX alone induced signiﬁcant but clinically
ineﬀective changes.
MGX was ﬁrst described in 1921 by Giﬀord [37] as an eﬀective
method for rehabilitation of meibomian glands and amelioration of dye
eye symptoms. Korb and Greiner showed that MGX improved both LLT
and symptoms in 10 patients with MGD [38]. More recently, Lee et al.
demonstrated eﬃcacy of weekly mechanical squeezing of meibomian
glands for MGD patients [39]. In the present study, we also found that
MGX alone resulted in signiﬁcant improvements in various parameters.
However, MGX causes pain in some patients. Indeed, three patients
withdrew from the control arm of the present study because of such
pain. Of interest, MGX was acceptable after IPL for all patients enrolled
in the IPL-MGX arm, possibly because IPL softens meibum and thereby
reduces the pain associated with MGX.
There are several potential mechanisms for the amelioration of
ocular surface symptoms and signs by IPL in MGD patients. First, IPL
warms meibomian glands through the thin periocular skin and thereby
melts meibum [8,24]. Second, the IPL device emits energy that is absorbed by chromophores in hemoglobin and thereby closes abnormal
vessels in the eyelid margin and adjacent conjunctiva and prevents the
release of inﬂammatory factors by these vessels [40,41]. The concentrations of inﬂammatory factors including interleukin-17A, interleukin-6, and prostaglandin E2 in tear ﬂuid were recently found to be
reduced by IPL therapy [10]. Third, IPL may relieve inﬂammatory or
neurogenic pain [42]. And fourth, IPL treatment can result in an immediate reduction in bacterial load of the eyelid margin and surrounding adnexa and in a consequent attenuation of inﬂammation [43].

Fig. 5. Time course of plugging before, during, and after treatment in the
intense pulsed light (IPL)–meibomian gland expression (MGX) and MGX
(control) groups. Data are means ± SD (n = 44 and 40, respectively).
*Adjusted P < 0.05, **adjusted P < 0.001 versus corresponding pretreatment
(time 0) value (paired t-test with Bonferroni's correction for nine comparisons).
Arrow indicates ﬁrst examination of the follow-up period.

meiboscore and meibum grade at 24 weeks after treatment initiation (3
weeks after the ﬁnal treatment session). These eﬀects remained apparent at 32 weeks after the onset of treatment (11 weeks after the ﬁnal
treatment session). Although MGX alone also improved several tear ﬁlm
and eyelid parameters at both 24 and 32 weeks after treatment onset,
the eﬀects of IPL-MGX treatment on NIBUT, LLT, plugging, vascularity,
BUT, CFS score, and meibum grade at both 24 and 32 weeks were
signiﬁcantly greater than those of MGX alone. The SPEED score was
also reduced to a signiﬁcantly greater extent at 32 weeks by IPL-MGX
compared with MGX alone. Furthermore, LLT, vascularity, CFS score,
and the meiboscore were improved signiﬁcantly only in the IPL-MGX
group. Irregularity, which is thought to be the irreversible result of
traction after meibomian gland dropout, was ameliorated in the IPLMGX group at 32 weeks, whereas the Schirmer test value, which reﬂects
tear ﬂuid production, was increased in the control group at both 24 and
5
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Fig. 7. Time course of lipid layer grade before,
during, and after treatment in the intense pulsed
light (IPL)–meibomian gland expression (MGX)
and MGX (control) groups. Data represent the
percentage of eyes (n = 44 and 40, respectively).
**Adjusted P < 0.001; NS, not signiﬁcant versus
corresponding pretreatment (time 0) value (Fisher's
exact test with Bonferroni's correction for ﬁve comparisons). Arrow indicates the ﬁrst examination of
the follow-up period.

Disclosure

We found that IPL-MGX improved vascularity, whereas MGX alone did
not, with this eﬀect of IPL-MGX possibly being due to the anti-inﬂammatory eﬀect of IPL.
In the present study, we applied eight sessions of IPL-MGX treatment for patients with refractory MGD. An average of seven sessions of
IPL treatment was previously shown to be required for symptomatic
improvement in patients with mild dry eye [24]. Given that we enrolled
only patients with refractory MGD, we speculated that more than seven
sessions of IPL might be necessary. Our Results show that 66% and 93%
of subjects had recovered a balance in tear ﬁlm components, as indicated by the pearl-like appearance of the tear interferometric pattern,
after four and eight sessions of IPL-MGX, respectively. This improvement in tear ﬁlm homeostasis remained apparent 32 weeks after
treatment onset. NIBUT is characteristically reduced in patients with
MGD [44], and we observed an increase in mean NIBUT from 2.5 to
6.6 s after eight IPL-MGX sessions (24 weeks after treatment onset) and
to 7.0 s after 11 weeks of follow-up. These changes represent a meaningful clinical improvement, given that we previously showed the cutoﬀ
value of NIBUT as measured with the DR-1α tear interferometer to be
5 s [15]. In contrast, MGX alone did not improve lipid layer dynamics as
reﬂected by the tear interferometric pattern. We did not detect any
adverse eﬀects such as a burning sensation in any of the subjects treated
with IPL-MGX. Although further studies will be required to conﬁrm and
extend our ﬁndings, the results of the present study suggest that eight
IPL-MGX sessions may be necessary for the eﬀective treatment of refractory MGD.
With regard to limitations of our study, the number of enrolled
patients may not be suﬃciently large to determine an adequate protocol for the treatment of refractory MGD. Furthermore, given that the
skin type of most Japanese individuals is classiﬁed as Fitzpatrick type 3,
the reactivity of the skin to light or ultraviolet may diﬀer between the
study patients and individuals of other ethnicities. Similar studies with
patients of other ethnic groups will thus be required. In addition, the
mechanism underlying the eﬀectiveness of IPL-MGX treatment was not
demonstrated.
In conclusion, we have shown that the combination of IPL and MGX
is safe and eﬀective for the treatment of refractory MGD. Although
further studies will be necessary to develop and establish this treatment
procedure for the clinic, our Results suggest that repeated IPL-MGX
sessions improve homeostasis of tear ﬁlm components in patients with
refractory MGD.

R.A. holds patents on the noncontact meibography technique described in this manuscript (Japanese patent registration no. 5281846;
U.S. patent publication no. 2011–0273550A1; European patent publication no. 2189108A1), is a consultant for Kowa Company (Aichi,
Japan) and Lumenis Japan (Tokyo, Japan), and has received ﬁnancial
support from TearScience (Morrisville, NC). The other authors declare
no potential conﬂict of interest.
Appendix A. Supplementary data
Supplementary data to this article can be found online at https://
doi.org/10.1016/j.jtos.2018.11.004.
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