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CLINICAL SCIENCE

Clinical and Molecular Outcomes After Combined Intense
Pulsed Light Therapy With Low-Level Light Therapy in

Recalcitrant Evaporative Dry Eye Disease With Meibomian
Gland Dysfunction

Sharon D’Souza, MS, FCE,* Archana Padmanabhan Nair, Msc,† Gowtham Iyappan, PhD,†
Mor M. Dickman, MD, PhD,‡ Prashansa Thakur, MS,* Ritika Mullick, MS,* Gairik Kundu, MS, FCE,*

Swaminathan Sethu, PhD,† Arkasubhra Ghosh, PhD,† and Rohit Shetty, FRCS, PhD*

Purpose: Dry eye disease (DED) is a leading cause of ocular
morbidity worldwide. This study evaluates the effects of combined
light therapy [intense pulsed light (IPL) and low-level light therapy
(LLLT)] on clinical and molecular outcomes in evaporative DED
with meibomian gland dysfunction (MGD).

Methods: This prospective study evaluated 94 eyes (47 subjects)
with chronic MGD treated with combined light therapy. Patients
underwent a detailed evaluation of MGD and DED using the Ocular
Surface Disease Index, dry eye tests—tear breakup time and
Schirmer test, ocular surface staining, meibomian gland expressi-
bility scoring, and meibography. Patients underwent a single session
of combined light therapy (IPL + LLLT treatment) using the Eye-
light device. All these tests were repeated at 3 and 6 months after
treatment. Tear fluid and ocular surface wash samples were collected
from a subset of patients before and after treatment for cellular and
secreted immune factor profiling by flow cytometry.

Results: Combined light therapy (IPL + LLLT) demonstrated a
marked improvement in the clinical metrics studied. Three months
after treatment, Ocular Surface Disease Index showed a significant
reduction in 95.6% (P , 0.0001), tear breakup time increased in
72.3% (P , 0.0001), and meibomian gland expressibility scoring
increased in 80.8% (P , 0.0001) of the eyes. These effects were
observed to be sustained during the 6-month follow-up visit.

Significant (P , 0.05) reduction in tear fluid levels of interleukin-
1b, interleukin-17F, and MMP9; MMP9/TIMP1 ratio; and ocular
surface B-cell proportions was observed.

Conclusions: Combined light therapy shows promising results in
patients with chronic MGD and DED, even in recalcitrant cases.
Clinical and molecular factor alterations support the improved
symptomatology and reduced inflammation.

Key Words: meibomian gland dysfunction, intense pulsed light,
low-level light therapy, molecular factors, immune cells

(Cornea 2021;00:1–8)

Meibomian gland dysfunction (MGD) is a leading cause
of evaporative dry eye disease (DED).1,2 It is charac-

terized by a reduction in the quantity or quality of meibum
secretion from meibomian glands and/or meibomian gland
obstruction.3 This can result in changes in the tear film,
especially the lipid component, ocular surface inflammation,
and evaporative DED.4 MGD is associated with specific
clinical signs such as altered meibomian gland secretion,
meibomian gland atrophy, and changes in lid morphology
based on which the disease is graded.3 Severe chronic MGD
can also result in keratoconjunctivitis with conjunctival
congestion, inflammatory infiltration of the cornea, and
neovascularization.5,6 Adequate and long-term treatment of
MGD is essential to reduce the associated ocular surface
inflammation.7 The DED associated with chronic severe
MGD can also significantly affect the patient’s quality of
life, certain activities of daily living and economic
productivity.8

The treatment of this condition aims to improve the
quality and quantity of meibum secretions, thereby improving
the stability of the tear film and reducing the associated
inflammation and ocular surface discomfort. The conven-
tional treatment of MGD includes warm compress on the
eyelids,9 topical antibiotic ointment application on lid mar-
gins, lid hygiene, topical anti-inflammatory and steroids,
artificial tear supplementation, and even oral antibiotics in
severe cases.10,11 However, there is a subset of patients in
whom medical treatment does not give adequate relief
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necessitating alternate treatment methods. Procedural thera-
pies, such as intraductal probing,12 automated thermal
pulsation therapy,13,14 and intense pulsed light (IPL) therapy,
have shown promising results in certain cases.15,16

IPL therapy is a relatively new procedural therapy which
is widely used in dermatology for the treatment of rosacea and
acne.17 It was observed that some patients who underwent IPL
treatment for facial rosacea showed improvement in their MGD
and DED.17 Based on these observations, the energy levels and
timing of IPL therapy were refined and modified for the
treatment of MGD and DED to maximize efficacy and reduce
side effects. These results have been confirmed in many
studies.15,16,18 The effect of IPL treatment may be augmented
by subsequent use of low-level light therapy (LLLT) which
works by photobiomodulation on the eyelids and periorbital
area.19,20 Both clinical parameters and cytokine levels in tears
have shown changes after treatment of MGD even with IPL
therapy.21 The underlying inflammatory pathogenesis of various
forms of DED is well established.22 Evaluating and understand-
ing the changes in these molecular factors after treatment will
enhance our understanding of therapeutic effects.21,23 Although
there is some literature regarding the effect of IPL on secreted
inflammatory factors at the ocular surface,21 the effect of
treatment on immune cells on the ocular surface is unknown.

This study is the first to evaluate the clinical outcomes
and ocular surface inflammatory status based on molecular
factors and immune cells after combined light therapy of
IPL + LLLT with the Eye-light device in patients with
recalcitrant MGD and evaporative DED. Evaluating the
outcomes of this treatment will help in patient selection,
decision-making, and prediction of treatment outcomes.

METHODS

Study Cohort and Clinical Parameters
This prospective interventional longitudinal study was

approved by the institutional ethical committee. A total of 47
subjects (94 eyes) with chronic MGD were included in the
study after providing written informed consent. Subject
recruitment and sample collection procedures were conducted
as per institutional guidelines and in accordance with the
tenets of the Declaration of Helsinki. The clinical evaluation
of MGD and DED included Ocular Surface Disease Index
(OSDI), tear breakup time (TBUT), Schirmer test 1 (ST1),
corneal and conjunctival staining, lid evaluation including
changes such as pitting, telangiectatic vessels, evaluation and
grading of MGD based on the meibomian gland expressibility
score (MGS), and meibography by IDRA (SBM Sistemi Inc,
Strada Torino, Italy) for meibomian gland dropout assess-
ment24 at baseline and postprocedure at 1, 3, and 6 months.
The patients also underwent intraocular pressure measure-
ment and dilated retinal evaluation.

The OSDI is a 12-item questionnaire score for assess-
ment of symptoms related to dry eye.25 TBUT was measured
3 times consecutively after fluorescein instillation using a
timer, and the median value was recorded. The ST1 was
performed for 5 minutes without topical anesthesia, using a
sterile Schirmer test strip. Corneal and conjunctival staining

was evaluated after instillation of fluorescein dye. Meibomian
glands expressibility score (MGS) was assessed by expressing
meibum from 5 glands each in the nasal, middle, and
temporal parts of the eyelid. Secretions were graded on a
scale of 0 to 3 for each gland: 0, blocked; 1, toothpaste-like
secretions; 2, cloudy secretions; and 3, clear secretions. The
total score was calculated based on the number of glands
multiplied by the type of meibum expressed. Maximum total
score per eyelid of 45 indicates normal meibomian glands.26

Meibomian gland dropout on the eyelids was assessed and
graded into the percentage of dropout on meibography.4

Inclusion Criteria
1) MGD grade 3 and above;4 2) chronic MGD of more

than 6 months duration and at least 3 months of conservative
treatment for MGD including warm compress, lid hygiene,
antibiotic ointment, oral medications without adequate relief
of symptoms or improvement in chronic MGD-related lid
changes, and dry eye signs; 3) significant ocular discomfort as
measured by OSDI .22; 4) features of MGD based on
clinical signs and meibography .20% and ,80% dropout;
and 5) evaporative dry eye based on low TBUT ,10 seconds
and the Schirmer test .10 mm at 5 minutes.

Exclusion Criteria
Known allergy to the treatment; skin photosensitivity;

active ocular infection; recent ocular surgery (less than 6 wk
before); collagen vascular disease; history of procedural
therapy for dry eye including punctal plugs in the eye, IPL,
or thermal pulsation therapy; history of skin cancer; pigmen-
tation in the proposed area of treatment; pregnant or lactating
patients; and those with dark pigmented skin (Fitzpatrick
grade .4) were excluded from treatment.27

The primary end point was an improvement in OSDI
from pretreatment to 3 and 6 months posttreatment. Second-
ary end points were changes in TBUT, MGS, and molecular
and immune cell markers in tear sample and immune wash,
respectively, pretreatment to posttreatment. All patients were
monitored for treatment-related side effects. The plan of
treatment and energy used for the IPL therapy are based on
the severity of meibomian gland involvement on meibogra-
phy and the skin tone graded by Fitzpatrick grading.18

Treatment Details
The combined light therapy (IPL + LLLT therapy) was

performed using the Eye-light device (Espansione Marketing
SPA., Bologna, Italy), which is CE Marked for the treatment
of MGD. All treatments were performed with strict adherence
to safety protocols as recommended by the manufacturer and
existing guidelines.19,28,29 The IPL treatment uses xenon light
(wavelength 400–1200 nm and intensity 10 J/cm2 to 13 J/
cm2) administered as per the MGD and the Fitzpatrick skin
type grading. Patients included in the study underwent
treatment of MGD with combined IPL, followed by LLLT
as per published treatment recommendations.19 The patient’s
eyes are closed with protective opaque goggles during the IPL
procedure as per the safety recommendations. No skin gel
was required to be applied during this procedure with the
Eye-light device. A total of 5 IPL pulses are delivered around
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each eye at predetermined standard sites. The same sequence
is then repeated for the other eye. The protective goggles are
not required during LLLT, and the patient is advised to keep
the eyes closed so that both upper and lower lids are treated.
Additional packing was performed with cotton along the
forehead and at the edge of the mask to avoid device-to-skin
contact and prevent any inadvertent skin burns. All proce-
dures were performed by a trained ophthalmologist, and a
single treatment was performed and results assessed at the end
of 3 and 6 months postprocedure.

Tear Fluid Collection
Tear fluid samples were collected, as previously

described,30 from a subset of study subjects (N = 9; 18 eyes)
using Schirmer strips by following the Schirmer test I
protocol and stored in microcentrifuge tubes at 280°C until
further processing. Tear proteins were extracted from Schirm-
er strips by agitation in 300 mL of sterile 1xPBS for 2 hours at
4°C. The tear fluid was eluted by centrifugation and was
stored in 280°C until further analyses.

Tear Soluble Factor Measurements
Simultaneous quantification of interleukin (IL)-1a, IL-

1b, IL-4, IL-6, IL-8, IL-9, IL-10, IL-12/IL-23p40, IL-12p70,
IL-13, IL-17A, IL-17F, IL-18, IL-21, IFNa, IFNg, TNFa,
CCL11/eotaxin, CCL2/MCP1, CCL5/RANTES, CXCL9/
monokine induced by gamma interferon (MIG), CXCL-10/
IP-10, CXCL11/I-TAC, TGFb1, Vascular endothelial growth
factor (VEGF), sICAM-1, and IgE was performed by
multiplex enzyme-linked immunosorbent assay using the
cytometric bead array (BD CBA Human Soluble Protein
Flex Set System; BD Biosciences) on a flow cytometer (BD
FACSCanto II; BD Biosciences) as previously described.30

BD FACSDiva software (BD Biosciences) was used to
acquire the beads and record signal intensities. The absolute
analyte concentrations were measured using FCAP array
version 3.0 (BD Biosciences). Similarly, the levels of Brain-
derived neurotrophic factor (BDNF), IL-33, IFNb, MMP9,
TIMP1, Myeloperoxidase (MPO), and Nerve growth factors
(NGF) were simultaneously measured by multiplex enzyme-
linked immunosorbent assay using the LEGENDplex kit
(BioLegend Inc) according to manufacturer’s instructions
and measured on a flow cytometer (BD FACSCanto II; BD
Biosciences). BD FACSDiva software (BD Biosciences) was
used to acquire the beads and record signal intensities. The
absolute concentration was determined based on respective
standards using LEGENDplex Data Analysis Software Suite
(BioLegend Inc). The absolute concentrations of these
analytes were obtained using respective standards. The
wetting length of the Schirmer strip and tear elution buffer
volume were used to determine the dilution factor to calculate
the actual concentration of the analytes in the tear fluid
sample.30

Ocular Surface Immune Cell Collection
Ocular surface immune cells were isolated and profiled

from open eye ocular surface wash (OSW) samples as
described earlier31 from a subset of study subjects (N = 6,
12 eyes). OSW samples were collected by a trained clinician
in an outpatient clinical setting. The method of OSW for
immune cell collection in brief is as follows. Sterile saline in a
needleless syringe is used to wash the ocular surface gently,
and the runoff fluid is collected in a sterile collection tube at
the lateral canthus of the eye. Paraformaldehyde 0.05% is
added to the fluid, and it is stored at 4°C.

Ocular Surface Immune Cell Phenotyping by
Flow Cytometry

The proportions of the various immune cell subsets on
the ocular surface of the study subjects were determined by
flow cytometry–based immunophenotyping using immune
cell type–specific fluorochrome-conjugated antibodies as
described earlier.31 In brief, the fixed cells in OSW samples
were centrifuged at 2000 rpm for 5 minutes at 4°C. The cell
pellet was stained with antibody cocktails diluted in staining
buffer (5% fetal bovine serum in 1X phosphate buffer saline,
pH 7.4) by agitation (500 rpm) for 45 minutes at room
temperature. Cells were washed and resuspended in 300 mL
of 1X phosphate buffer saline, pH 7.4. Fluorochrome-
conjugated antibodies specific for the various immune cell
subtypes (neutrophils, monocytes, macrophages, eosinophils,
natural killer (NK) cells, Natural Killer T (NKT) cells, T cells,
and B cells) used are as follows: CD45 APC-H7 (clone 2D1),
CD3 PE (clone HIT3A), CD56 PE-Cy7 (clone B159), CD19
PerCP (clone SJ25C1), CD11b BV510 (clone ICRF44),
CD16 BV605 (clone 3G8), CD14 Fluorescein isothiocyanate
(clone MFP9), and CD66b AlexaFluor 647 (clone G10F5).
All fluorochrome-conjugated antibodies were purchased from
BD Biosciences. Data acquisition was performed on the BD
FACSLyric flow cytometer in BD FACSuite software (BD
Biosciences) and analyzed using FCS Express 6 (De Novo
Software). Postacquisition compensation was performed
using single-stained controls. A manual gating strategy was
applied for immune cell subsets identification (see Supple-
mentary Figure, Supplemental Digital Content 1, http://links.
lww.com/ICO/B345). Cell populations were identified and
regions designated based on universal negative and
fluorescence-minus-one control.

Statistical Analysis
Observations are reported as mean 6 standard error of

mean and represented as bar graphs. The normality of data
was assessed by the Shapiro–Wilk normality test. Differences
in the variables between the pretreatment and posttreatment in
matched samples were analyzed using the Wilcoxon matched-
pairs signed-rank test and the Friedman test with the Dunn
multiple comparisons test using GraphPad Prism 8.0 (Graph-
Pad Software, Inc, La Jolla, CA). P , 0.05 was considered to
be statistically significant.
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RESULTS

Clinical Parameters
The combined light therapy (IPL + LLLT) showed a

significant improvement in clinical metrics in a majority of
patients. The OSDI score was observed to be significantly
(P , 0.0001) reduced 3 months posttreatment
(mean 6 standard error of mean; 21.1 6 1.8) and 6 months
posttreatment (24.4 6 2.2) compared with pretreatment
(39.1 6 2.8) as shown in Figure 1A. The OSDI score
decreased in 95.6% subjects after treatment. Furthermore,
the OSDI score decreased by more than 10 points in 68.1%
of subjects and less than 10 points in 31.8% subjects
posttreatment. A significant increase (P , 0.0001) in the
tear breakup time (TBUT) was observed 3 months post-
treatment (7.5 6 0.2 s) and 6 months posttreatment
(7.4 6 0.3 s) compared with pretreatment (5.2 6 0.3 s)
(Fig. 1B). TBUT was observed to be increased in 72.3% of
the eyes, did not change in 22.3% of the eyes, and
decreased in 5.3% of the eyes posttreatment. As shown in
Figure 1C, no significant difference was observed in ST1
values between pretreatment (17.6 6 1.2 mm/5 min), 3
months posttreatment (18.4 6 1.1 mm/5 min), and 6
months posttreatment (17.6 6 1.0 mm/5 min). Although
there was no significant change in the MGS posttreatment
(Fig. 1D), the MGS increased in 80.8% of the eyes, did not
change in 9.5% of the eyes, and decreased in 9.5% of the
eyes posttreatment. The findings strongly indicate that
combined light therapy improves ocular surface–related
signs and symptoms in the study subjects. Although the
patients in this study underwent only 1 treatment session,
there was a significant improvement in symptoms and
signs. None of the patients had severe discomfort during
the procedure requiring discontinuation of the procedure
midtherapy or any side effects during the study period.

Molecular Factors and Immune
Cell Parameters

The ocular surface health status has been shown to be
associated with tear inflammatory factors and local immune
cells.31 Hence, changes in tear fluid inflammatory factors
were determined in pretreatment and posttreatment tear
samples. A significant reduction in tear IL-1b, IL-17F, and
MMP9 levels and MMP9/TIMP1 ratio and significant
increase in IL-18 were observed in the tear fluid posttreatment
compared with pretreatment (Table 1). Proportions of ocular
surface immune cells were studied using OSW samples
before and after combined light treatment in a subset of
study subjects. Among the immune cell subsets studied, the
proportion of B cells was significantly reduced in ocular wash
samples collected posttreatment compared with pretreatment
samples (Fig. 2). These observations suggest a decrease in the
ocular surface inflammation validating the improvement in
ocular surface health metrics.

DISCUSSION
Chronic MGD leading to evaporative dry eye can have

a significant impact on quality of life.32 Meibomian gland
inflammation with dropout or duct blockage leads to stasis of
the meibum inside the glands.4 This can result in changes in
the tear film stability and evaporative dry eye. The ocular
surface and tear film are linked to the immune system by the
continuous epithelium across the surface and the vascular and
neural connections.33 The loss of homeostasis is one of the
key features of any kind of DED with a resultant change in
the osmolarity and inflammatory damage to the ocular
surface.34 Multiple studies have demonstrated that the
osmotic and inflammatory stress associated with dry eye
increases the production of proinflammatory cytokines,

FIGURE 1. Status of Ocular Surface Disease Index
score, TBUT, ST1, and meibomian gland score in
study subjects before and after 3 and 6 months
posttreatment: The graphs indicate Ocular Surface
Disease Index score (A), TBUT (B), ST1 values (C), and
meibomian gland expressibility score (D) in study
subjects before and after 3 and 6 months of
IPL + LLLT treatment. N = 43, 86 eyes. Pre-Trt, pre-
treatment (N = 47, 94 eyes); Post-Trt 3, posttreat-
ment 3 months (N = 47, 94 eyes); Post-Trt 6,
posttreatment 6 months (N = 43, 86 eyes); bar
graphs represent mean 6 SEM; ****P , 0.0001, the
Friedman test with the Dunn multiple comparisons
test. SEM, standard error of the mean. (The full color
version of this figure is available at www.corneajrnl.
com.)
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chemokines, and matrix metalloproteinases (MMPs).35,36

These promote the activation of immature antigen-
presenting cells which prime the T cells—CD4 helper T-cell
(TH) subtype 1 and TH17 cell subsets.31,37 T cells infiltrate the
ocular surface, where they secrete additional proinflammatory
cytokines such as IL-17 and other proinflammatory cytokines,
such as IL-1, IL-6, and TNFa.38,39 These have been found in
the tears and ocular surface of patients with DED along with
elevated levels of IL-2, IL-4, IL-5, IL-10, and MMP9.38–40

There are a number of treatment modalities for MGD,4

including oral doxycycline; in severe MGD Doxycycline acts
by inhibiting the activity of MMPs, primarily MMP9, and
promoting ocular surface integrity.41,42 However, there is a
section of patients who continue to have recalcitrant or

chronic disease despite these treatments. The recent pro-
cedural therapies for MGD, such as IPL, have shown
promising results.43–45 Other options for procedural manage-
ment of MGD are thermal pulsation therapy,13 combining IPL
with meibomian gland expression,46,47 and IPL with LLLT.19

The exact mechanism of action of the IPL therapy has
not yet been elucidated. The presumed action is essentially
thermal, which induces an increase in temperature of the
blood in larger vessels of the lid, resulting in heating the
meibum in clogged glands up to its phase transition
temperature, thereby improving both quality and quantity of
meibomian gland secretions. Smaller telangiectatic blood
vessels can get coagulated, which reduces the influx of
inflammatory mediators to the eyelid and meibomian

TABLE 1. Levels of Tear Soluble Factors Before and After IPL + LLLT Treatment in Study Subjects

Tear Soluble Factors Pre-Trt Post-Trt (3 mo)

PConc. (pg/mL) Mean SD SEM Mean SD SEM

IL-1a 356 370 87 346 371 87 0.580

IL-1b 18 27 6 10 29 7 0.040

IL-4 113 213 50 99 154 36 0.687

IL-6 19 46 11 6 15 4 0.060

IL-8 1134 1345 317 673 828 195 0.142

IL-9 121 214 50 172 428 101 0.753

IL-10 41 128 30 173 389 92 0.173

IL-12/IL-23p40 2796 3864 911 2628 3956 932 0.959

IL-12p70 2 5 1 6 14 3 0.225

IL-13 11 27 6 2 7 2 0.116

IL-17A 167 451 106 118 273 64 0.463

IL-17F 81 183 43 15 38 9 0.010

IL-18 1027 1707 402 1732 1937 457 0.040

IL-21 2486 3658 862 2497 5366 1265 0.570

IL-33 170 189 44 281 456 107 0.369

IFNb 736 750 177 1278 1635 385 0.090

IFNa 3 10 2 0 0 0 0.109

IFNg 8440 20,775 4897 30,628 71,764 16,915 0.144

TNFa 496 1390 328 569 1857 438 0.893

CCL11/Eotaxin 10 24 6 1 1 0 0.144

CCL2/MCP1 1168 1783 420 1196 2183 515 0.943

CCL5/RANTES 158 162 38 219 373 88 0.495

CXCL9/MIG 2559 4616 1088 1743 3164 746 0.229

CXCL-10/IP-10 12,822 26,001 6128 6590 10,923 2575 0.356

CXCL11/I-TAC 119 271 64 41 91 21 0.138

MMP9 190,874 397,013 93,577 32,990 39,394 9285 0.020

TIMP1 47,570 71,467 16,845 27,616 18,105 4267 1.000

MMP9/TIMP1 6 8 2 2 2 1 0.005

MPO 175,194 189,735 44,721 97,800 79,644 18,772 0.154

BDNF 194 223 52 366 611 144 0.734

NGF 16 17 4 27 45 11 0.702

TGFb1 40 170 40 108 376 89 0.593

VEGF 506 439 103 331 333 78 0.142

sICAM-1 17,429 16,427 3872 23,164 39,048 9204 0.640

IgE 22 34 8 12 25 6 0.158

P , 0.05 was considered to be statistically significant. The Wilcoxon matched-pairs signed-rank test was performed. N = 9; 18 eyes.
Bolded values are analytes with statistical signficance.
SEM, standard error of the mean.
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glands.48 Inhibition of proinflammatory cytokines and
increased secretion of antiinflammatory cytokines have also
been demonstrated after this procedure.21,49 By contrast,
LLLT is believed to act by a process called photobiomodu-
lation,19 which uses LED light of near-infrared wavelength.
LLLT has been found to affect wound healing, pain
modulation, and normalization of cell function.20,50

The current study demonstrated a significant improvement
in the symptoms and signs of MGD and evaporative dry eye in a
majority of patients when the combined IPL + LLLT therapy
was applied. LLLT could have an additive effect along with the
IPL therapy, especially over the upper lids where IPL is not
performed. The improvements reported here are similar to those
reported with IPL in previous studies.16,48,51,52 Ocular surface
symptoms were reduced significantly after IPL therapy in
studies,29,51 and this finding was corroborated in our study with
around 95% of patients showing improved symptomatology as
measured by OSDI. A significant increase (P , 0.0001) in the
TBUT was observed posttreatment with combined light therapy
in 72.3% of the eyes along with other features such as
meibomian gland secretions, expressibility, and telangiectasia.
This was similar to results in studies on the effect of IPL
alone15,29 and combined IPL with LLLT.19 The slight increase
in the OSDI score in some patients at 6 months could suggest
the need for repeat IPL sessions for an additive effect. IPL
therapy has been shown to reduce both symptoms and signs of
evaporative DED and can also be useful in mixed type of DED
with significant MGD.18,46,53

As inflammation is key to the etiopathogenesis of the
ocular surface damage in dry eye, a reduction in inflammation

would be important in achieving a good treatment outcome.
Hence, it is possible that for a beneficial effect, IPL would
reduce the ocular surface inflammation as well.48 To further
qualify and quantify treatment outcomes after combined light
therapy, we evaluated the change in molecular factors and
immune cells on the ocular surface pretreatment and posttreat-
ment and correlated these with changes in clinical parameters.
There are very few studies that have evaluated this aspect of
inflammatory markers and cellular change after IPL21,54 and
no studies using both IPL and LLLT. The antiinflammatory
effect of IPL is confirmed by the significant reduction in
levels of tear inflammatory markers IL-17A and IL-6 in
patients with MGD.21 However, there are a number of other
inflammatory markers, and the dysregulation of which is
associated with ocular surface inflammation and DED. These
need to be evaluated as well to get a broad understanding of
the mechanism of action of IPL. In our study, we found
alterations in IL-1b, IL-17F, MMP9, MMP9/TIMP1 ratio,
and IL-6 which correlated well with the reduction in ocular
discomfort and improvement in TBUT after treatment. These
dysregulated tear factors have been shown to be significantly
associated with DED signs and symptoms.30,55 This explains
the significant improvement in ocular symptomatology in
patients after combined light therapy even in patients who did
not show a large change in their clinical parameters.

The cumulative decrease in the levels of inflammatory
factors IL-4, IL-8, IL-12/IL-23p40, IL-17A, eotaxin, MIG,
IP-10, I-TAC, TIMP1, MPO, VEGF, and IgE which are
associated with ocular surface inflammation after a single-
treatment session will be beneficial to the ocular surface

FIGURE 2. Ocular surface immune cell subset proportions in study subjects before and after treatment: (A) graph indicates the
percentage of CD45+CD11b+CD16+CD66b+—neutrophils, (B) percentage of CD45+CD14+—monocytes, (C) percentage of
CD45+CD16+—macrophages, (D) percentage of CD45+CD11b+CD162CD66b+—eosinophils, (E) percentage of
CD45+CD16+CD56+—NK cells, (F) percentage of CD45+CD3+CD16+ CD56+—NKT cells, (G) percentage of CD45+CD3+—T cells,
and (H) percentage of CD45+CD32CD19+—B cells within the leukocyte population in OSW samples from subjects before and
after 3 months of IPL+ LLLT treatment. N = 6, 12 eyes. Bar graphs represent mean 6 SEM; *P, 0.05, the Wilcoxon matched-pairs
signed-rank test. SEM, standard error of the mean. (The full color version of this figure is available at www.corneajrnl.com.)
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homeostasis. Because dysregulation of molecular factors
plays an important role in DED pathogenesis, the increase
in antiinflammatory factors, such as IL-10, TGFb1, and
IFNb, after combined light therapy treatment would also be
beneficial. Alteration in the levels of TGFb after IPL has been
found in a previous study as well.21 TGFb has been shown to
prevent migration of T cells to the conjunctiva and suppress
NK cells.56,57 This has been demonstrated in our study as
well, where the increase in TGFb correlates with the
decreasing proportions of NK cells, NKT cells, and T cells
after therapy. The increase in BDNF and NGF which are
considered to be antinociceptive factors58 could also contrib-
ute to decrease in ocular pain after treatment.

The preprocedural treatment with various topical and
oral medications for MGD could be a confounding factor in
the assessment of treatment outcomes. However, all patients
included had shown a poor response to medical therapy
before inclusion in the study. Because the IPL and LLLT are
performed at the same sitting, it is not possible to individu-
alize the beneficial effects of each treatment; however, it may
give more lasting effects which can be evaluated in long-term
studies. Long-term outcomes and cumulative effects of
multiple sessions have not been addressed in this study. This
study compares the baseline status of the subjects undergoing
the procedure and the treatment effects on follow-up. There is
no separate control arm included in this study for comparison.
However, the same group of subjects was included pretherapy
and posttherapy, and their tests and samples were repeated at
pretime points and posttime points. They therefore act as
matched subject-specific controls. A mock treatment arm and
longer follow-ups with multiple treatments are limitations of
the study and will be followed up in future studies.

The intense pulse light therapy has shown promising
results for the treatment of MGD in both evaporative dry eye
and mixed type of dry eye. This is the first study of combined
light therapy (IPL + LLLT) in which changes in clinical
features have been correlated with molecular and immune
factors in an attempt to elucidate the mechanism of action in
DED. Although adverse events, such as skin pigmentation
and blistering, have been documented in the literature, we did
not encounter any of the above in our study. Stringent care
with adequate shielding of the eyes as required, extra padding
along the LLLT mask to avoid unnecessary skin contact, and
clear selection of subjects, especially regarding skin tone are
key to safe outcomes. The combined procedure could have a
dual benefit of improving meibum quality and stimulating
meibum secretions. Our study showed good treatment
outcomes across the clinical parameters and a reduction in
ocular surface inflammation as measured by the changes in
molecular and cellular factors.
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