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Purpose: To study the clinical benefit of low-level light therapy when associated with intense pulsed light for the treatment of
meibomian gland dysfunction.

Methods: An observational study. Two groups of patients that were treated with IPL were considered: group 1 (31 subjects, 62 eyes),
intense pulsed light followed by low-level light therapy and group 2 (31 subjects, 62 eyes) intense pulsed light alone. In both groups,
treatments were performed in 3 sessions and subjects were evaluated at baseline and 3 weeks after the last treatment session. Values
are shown as mean difference + standard deviation.

Results: We observed a significant improvement in OSDI-12 score and lipid layer thickness, in both groups (—22.7£17.5, p<0.001 in
group 1 and —23.6+23.8, p<0.001 in group 2 for OSDI and +18.6 + 37.0, p<0.001 in group 1 and +19.9 + 26.4, p<0.001 in group 2 for
lipid layer thickness). Despite no differences between groups at baseline (p=0.469), only group 1 had a significant improvement in
Schirmer test (+1.6+4.8, p=0.009 in group 1 and +1.7+6.9, p=0.057 in group 2). No significant side effects were noted. No patient in
any group felt subjectively “worse” after the treatment.

Conclusion: Intense pulsed light seems effective and safe for the treatment of meibomian gland dysfunction, improving symptoms
and the tear film lipid layer. This study shows no strong evidence of the benefit of low-level light therapy, but it shows weak evidence
that it may further improve aqueous tear production.
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Introduction

Meibomian gland dysfunction (MGD) is currently considered a crucial factor in dry eye disease.' The prevalence of
MGD ranges from 3.5% to 60%,” it leads to patient-reported symptoms® and it objectively and subjectively impairs
visual function and life quality®” because of tear film instability and inflammation.

The treatment of MGD underwent a revolution in the past years: in addition to classical self-administered options
such as warm compresses, lid massage and several types of ocular lubricants, new in-office targeted therapies are now
available. Intense pulsed light (IPL) is broad spectrum high-power light pulsed that, in controlled trials, has been shown
to improve tear film quality and symptoms.®® It may be more effective than eyelid hygiene in improving meibomian
gland structure and reducing inflammation.” The proposed mechanisms for its effectiveness are ablation of superficial
blood vessels in the eyelids, leading to a reduced supply of inflammatory agents; reduction of bacterial and parasitic
growth; meibum liquefaction, and collagen remodeling. '

Low-level light therapy (LLLT) is a different type of photomodulation, where low-power monochromatic red light is
applied for a longer period, promoting tissue repair, antioxidation and reducing inflammation.'" LLLT has been more
recently studied in combination with IPL in the treatment of MGD.'>'* Conversely, there is neither a published
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controlled study using LLLT alone nor a study comparing IPL plus LLLT with IPL alone. Therefore, the benefit of adding
LLLT to IPL therapy remains unknown.
Our purpose was to evaluate the safety and effectiveness of LLLT when associated with IPL for the treatment of MGD.

Materials and Methods

Study Design

A prospective observational study was performed. The researcher collecting the data was masked to the subject’s group
and subjects were unaware of the treatment allocation. The treatment was performed always by the same experienced
unmasked clinician, but who was not involved in data collection.

Participants and Protocol

Subjects with clinical diagnosis of MGD according to The International Workshop on Meibomian Gland Dysfunction'?
and aged over 18 years were considered for treatment in the Ophthalmology Department of Centro Hospitalar
Universitario do Porto. Atrophy of meibomian glands on any of the lower eyelids (loss area of the meibomian glands
through infrared meibography over 40%, measured automatically with IDRA®™ Ocular Surface Analyzer (SBM Sistemi,
Italy) in the inferior eyelid led to exclusion from the treatment. Other contra-indications were: (1) ocular trauma,
intraocular surgery, or intraocular inflammatory disease in the past six months; (2) contact lens wear in the past six
months; (3) previous eyelid or lacrimal surgery; (4) skin cancer anywhere or pigment lesions on the periorbital skin; (5)
pregnancy or nursing; and (6) inability to comply with the treatment or with the follow-up regimen.

Two groups of patients that were treated with IPL were considered:

e Group I: Patients that underwent IPL+LLLT, 31 subjects, 62 eyes. Each treatment session started with 5 IPL (Eye-
Light® with Optimal Power Energy®, Espansione Marketing S.p.A., Bologna, Italy) pulses applied inferiorly (4
pulses) and laterally (1 pulse) to each eye followed The application of a cooling gel was not necessary with the
Optimal Power Energy® technology. Treatment was followed by bilateral application of LLLT (My Mask®,
Espansione Marketing S.p.A., Bologna, Italy) for 15 minutes, independently of the skin pigmentation. The
treatments were performed in 3 sessions 1 week apart, as recommended by the manufacturer.

e Group 2: Patients that underwent IPL alone, 31 subjects, 62 eyes. Each treatment session consisted of 5 IPL
(E>Eye, E-SWIN, Paris, France) pulses applied inferiorly (4 pulses) and laterally (1 pulse) to each eye, over a layer
of gel applied to the skin for optimized cooling and light conduction. The treatments were performed in 3 sessions,
at day 0, day 15 and day 45, as recommended by the manufacturer.

Before IPL treatment, protective shields were placed over the eyes and the skin was cleaned in the areas to be treated.
Hyperpigmented skin lesions were covered with a protective adhesive. Regardless of the group, the level of energy
delivered was automatically set for each patient according to the degree of skin pigmentation (subjectively evaluated with
skin Fitzpatrick scale) and each manufacture recommendation. The light pulses were applied perpendicularly to the skin
to minimize reflexion. The clinician that applied the treatment was subject to the use of protective goggles. Between
treatment sessions and during 15 days after the last treatment session, subjects were encouraged to apply sunscreen daily
and avoid direct sun exposure.

There were no restrictions regarding the use of regular artificial tears, but no changes were allowed on every patient
during the study and no drops could be used during the day of the study visit until after the examination. Moreover,
mechanical gland expression, warm compresses, antibiotic, or anti-inflammatory treatments were not used during the
study period. All subjects included for analysis completed all treatment sessions.

Outcomes
Subjects underwent the following evaluation both at baseline and 3 weeks after the last treatment session: (1) A validated
dry-eye related questionnaire (OSDI 12); (2) automated ocular surface analysis as described previously'® (IDRA® Ocular
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Surface Analyzer SBM Sistemi, Italy) that reported non-invasive break-up time (NIBUT), eye blink quality (EB, score
calculated automatically by the device using blinking frequency and completeness), lipid layer thickness (LLT), loss area
of the meibomian glands (LAMG) in the inferior eyelid and tear meniscus height (TMH); (3) tear osmolarity (OSM,
measured with TearLab®™ Osmolarity System, Tearlab, San Diego, CA, USA); (4) Schirmer test type 1 and (5) slip lamp
evaluation with fluorescein and the presence of corneal staining (CFS) were noted.

Due to the presence of mucinous filaments in the corneal surface at baseline visit, the automatic measurement of LLT
was not feasible in 17 eyes (3 in group 1 and 14 in group 2). Therefore, these eyes were excluded from the analysis that
considered LLT. There were no other missing values.

At the post-treatment evaluation, each patient answered a subjective end report as feeling “better”, “the same” or “worse”.

Statistical Analysis

The estimated sample size (30 subjects per group) was calculated with G*Power software (ver. 3.1.9.7; Heinrich-Heine-
Universitdt Diisseldorf, Diisseldorf, Germany. Using the mean change in lipid layer thickness after IPL treatment found
in two previous studies,'*!” for a power of 90%, a significance level of 1%.

Regarding the ocular surface outcomes, both eyes were included for analysis and each eye was considered the
statistical unit. For demographic data, subjects were considered the statistical unit.

Analysis was performed using IBM SPSS version 26.0.0.0. Chi-square and McNemar tests were used in categorical
variables. ¢-tests were used in continuous variables after confirmation of the variables’ normal distribution (Shapiro—Wilk
test) and equal variance (Levene's test). Statistical significance was set as a p-value inferior to 0.01 to minimize type
I statistical errors. Values are shown as mean + standard deviation.

Results
Comparison of baseline demographic and clinical data between groups is shown in Table 1. An analysis of the outcomes
before and after treatment is shown in Table 2 (quantitative analysis) and Table 3 (qualitative analysis).

Table 1 Demographic and Medical History Comparison Between Groups (31| Subjects in Each Group)

Groups Baseline
Mean * Standard Deviation | Group Comparison p-value
Age | (IPL+LLL) 66.9 = 9.1 0.168
2 (IPL) 644+ 11.0
Frequency Group Comparison p-value
Gender n, male/female | (IPL+LLL) 12719 0.271
2 (IPL) 7124
History of diabetes n (%) | (IPL+LLL) 29 (81%) 0.155
2 (IPL) 20 (65%)
History of arterial hypertension n (%) | (IPL+LLL) 20 (65%) 0.022
2 (IPL) 10 (32%)
Previous cataract surgery n (%) | (IPL+LLL) 5 (16%) 0.088
2 (IPL) 12 (39%)
Use of lubricant eye drops n (%) I (IPL+LLL) 24 (77%) 0.569
2 (IPL) 21 (68%)
Use of eye drops with preservatives n (%) | | (IPL+LLL) Il (36%) 0.440
2 (IPL) 15 (48%)

Notes: In continuous variables, mean and standard deviation by group are shown together with the result of independent (group comparison) t-tests.
In categorical variables, frequencies by group are shown, together with the results of chi-square test.
Abbreviations: IPL, intense pulsed light; LLL, low-level light.
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Table 2 Quantitative Analysis of 62 Eyes in Each Group

Groups Baseline Difference After Treatment
Mean Group Mean Difference £ Visit Group
Standard Comparison Standard Deviation Comparison Comparison
Deviation p-value p-value p-value
OsDI | (IPL+LLL) 45.0 + 21.2 0.469 227 %175 <0.001 0811
2 (IPL) 42.1 £ 246 —23.6 £ 238 <0.001
NIBUT (s) | (IPL+LLL) 102 + 45 0.658 —05+46 0.438 0.469
2 (IPL) 99 +3.6 0.0 4.1 0.951
EB (%) | (IPL+LLL) 88.8 £ 229 <0.001 +9.8 £ 24.1 0.002 <0.001
2 (IPL) 70.2 £ 225 -9.3+295 0.015
LLT (um) | (IPL+LLL) 473 £ 222 0.358 +18.6 + 37.0 <0.001 0.831
2 (IPL) 50.3 £21.9 +19.9 + 264 <0.001
LAMB (%) | (IPL+LLL) 109 £ 15.8 0.698 —1.8 £ 206 0.504 0.973
2 (IPL) 118+ 11.0 -1.6 £ 168 0.444
TMH (um) | (IPL+LLL) 0.326 £ 0.155 0.016 —0.040 + 0.135 0.026 0.007
2 (IPL) 0.267 £ 0.114 +0.074 + 0.294 0.053
OSM (mOsmlL) | (IPL+LLL) 298.1 £ 11.3 <0.001 +8.7 58 <0.001 <0.001
2 (IPL) 3147 £ 195 —88+ 195 0.001
Schirmer (mm) | (IPL+LLL) 9.6 £55 0.469 +1.6 + 48 0.009 0.952
2 (IPL) 104 £ 6.8 +1.7£69 0.057

Notes: In each group, the mean and standard deviation of Ocular Surface Disease Index and of each automatic ocular surface measurement are shown, together with the
result of paired (visit comparison) and independent (group comparison) t-tests. Statistically significant comparisons (p-value under 0.01) are highlighted in bold.
Abbreviations: CFS, corneal fluorescein staining; EB, eye blink; IPL, intense pulsed light; LAMB, loss area of meibomian glands; LLL, low-level light; LLT, lipid layer thickness;
OSD, Ocular Surface Disease Index; OSM, tear osmolarity; TMH, tear meniscus height.

Moreover, in group 1 (IPL+LLLT), 4/32 eyes (13%) with CSF at baseline exhibited its resolution with treatment. In
group 2 (IPL), this frequency was 21/43 (49%, p=0.002). Furthermore, 6/30 (20%) eyes in group 1 (IPL+LLLT) and 4/19
(21%) eyes in group 2 (IPL) that had no CSF at baseline developed it by the time of the post-treatment visit.

Concerning the subjective end report, in group 1, 25/31 patients (81%) reported feeling “better” and 6/31 patients
(19%) stated feeling “the same” after treatment. In group 2, these frequencies were 30/31 patients (97%) and 1/31
patients (3%), respectively (p=0.005). No patient in any group felt “worse” after the treatment.

Regarding the safety analysis, no adverse effects were noted in any group (no conjunctivitis, blistering, edema, skin
pigmentation changes or loss of eyelashes).

Analyzing all eyes (124 eyes), there were no differences in the magnitude of changes in OSDI, LLT, EB or OSM
(outcomes with significant changes) regarding the use of lubricant eye drops (p>0.189), use of antihypertensive eye drops
(p>0.061), use of eye drops with preservatives (p>0.188) or previous cataract surgery (p>0.014).

Discussion
Our results, regarding both IPL alone and IPL plus LLLT, corroborate previous studies that showed the objective and
subjective efficacy of IPL in the treatment of patients with dry eye disease and MGD.®*'*2! Conversely, a 2020
Cochrane meta-analysis, that included 3 of these previous studies, found uncertain evidence of effectiveness and safety of
IPL as a treatment for MGD.?? In the current trial, regardless of the treatment arm, we observed a reduction in OSDI and
an increase in LLT. Figure 1 shows a case study.

The reduction in OSDI may be accompanied by a placebo effect from inclusion in the study but may also be
associated with less eyelid inflammation and better tear film quality after treatment. The anti-inflammatory properties of

IPL are thought to be one of its main benefits in tear film homeostasis.>* In fact, Choi et al found a significant decrease in
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Table 3 Qualitative Analysis of 62 Eyes in Each Group

Groups Baseline After Treatment
Frequency | Frequency | Visit Comparison p-value
Positive CFS | (IPL+LLL) 52% 55% 0.754
2 (IPL) 69% 42% 0.001
NIBUT over 10s | (IPL+LLL) 42% 37% 0.648
2 (IPL) 44% 53% 0.377
EB over 90% | (IPL+LLL) 76% 92% 0.041
2 (IPL) 29% 13% 0.052
LLT over 80pm | (IPL+LLL) 0% 31% <0.001
2 (IPL) 0% 35% <0.001
LAMB under 40% I (IPL+LLL) 92% 95% 0.727
2 (IPL) 95% 87% 1.000
TMH over 220pm or under 400pm | | (IPL+LLL) 47% 32% 0.064
2 (IPL) 57% 47% 0.377
OSM under 308mOsm/L I (IPL+LLL) 84% 57% 0.002
2 (IPL) 36% 65% 0.001
Schirmer over 10mm | (IPL+LLL) 50% 61% 0.167
2 (IPL) 44% 44% 1.000

Notes: In each group, the frequency of cases with positive CFS and normal values of each automatic ocular surface measurement are
shown, together with the result of McNemar statistical test for related samples. Statistically significant comparisons (p-value under 0.01)

are highlighted in bold.

Abbreviations: CFS, Corneal fluorescein staining; EB, eye blink; IPL, intense pulsed light; LAMB, loss area of meibomian glands; LLL,
low-level light; LLT, lipid layer thickness; OSM, tear osmolarity; TMH, tear meniscus height.

inflammatory cytokines (IL-4, IL-6, IL-10, IL-17A, and TNF-a) tear concentration after IPL treatment.>' The reduction in
OSDI score was very similar between both groups (similar improvement in symptoms). Interestingly, considering the

other patient reported outcome, a higher number of subjects reported to feel “better” after the treatment in the IPL group,

when compared to the IPL+LLLT group. We hypothesize that the extra treatment time and warm sensation during and

after the treatment with LLLT will lead some patients to undervalue the benefit.

We postulate that the increase in LLT is a consequence of the improved outflow of meibum from the glands and their
enhanced function and morphology, as it has been already described.” In both groups, LLT increased equally and on

average 39% from baseline to the post-treatment visit and 30% of cases reached normal values. Still, the other 70% of

cases did not reach the normal value of LLT at 1 month, a result that should be interpreted carefully. An improvement in

Figure | Light photography of the anterior segment of the eye together with tear interferometry to access lipid layer thickness before (A) and after (B) intense pulsed light
treatment. In addition to the change in the interferometric pattern, it is also noticeable a reduction in the caliber of the eyelid margin telangiectasia.

Clinical Ophthalmology 2022:16

https:

4007

Dove!


https://www.dovepress.com
https://www.dovepress.com

Marques et al Dove

patients with MGD may be clinically significant even if normal values (calculated for a healthy population) are not met.
Moreover, it has been showed that LLT may further improve up to 6 months after the treatment.'> Other studies have
evaluated the lipid layer after IPL treatment: Most studies observed improvement in a qualitative evaluation, making it
difficult to compare with our study.®'”** Performed a quantitative evaluation that showed the same magnitude of
improvement that our study, regardless of the treatment modality.

Regarding comparative studies using IPL, there is a single published one that showed few clinically significant
differences between two distinct devices.”> Regarding LLLT, there is no published article exploring this treatment alone
in humans. There are three previous single arm studies using IPL combined with LLLT,'*'* showing improvement in
symptoms and objective measures, similar to the effect of IPL alone. However, proper comparisons with other studies
using IPL alone were not possible given the variable methodologies used. Therefore, there has been no discrimination in
the effect of LLLT. The current study is the first to compare the clinical efficacy and safety of IPL combined with LLLT
to IPL alone.

Our study groups were relatively well-balanced regarding demographic data and most baseline ocular surface
parameters. Yet, there were baseline differences between groups in EB, THM and OSM, that limit proper longitudinal
comparison of these outcomes between groups. Still, regarding the Schirmer test, significance was reached in the IPL
plus LLLT group and not in the IPL alone group. Low energy delivery during a longer period induces biomodulation
without tissue coagulation or destruction. As previously suggested in a pre-clinical study,”® LLLT alone may have an
effect on the lacrimal gland, increasing tear volume and reducing neutrophil infiltration. As Marta et al highlighted,'*
LLLT, but not IPL, is applied directly to the superior lid (and over the lacrimal gland) which may justify the differences
regarding aqueous tear production after treatment. We found no other significant differences between groups in the
changes after treatment. However, other studies found an improvement in tear break-up time after IPL that relates to the
augmentation of lipid layer and consequent stabilization of the tear film.%”"'7?*27 The non-improvement in both groups
of our study sample may be related to the fact that baseline NIBUT was close to normal and higher than those previous
studies.

A significant reduction in CFS after treatment was seen in the IPL group and not in the IPL+LLLT group. There was
however no difference between groups in the number of eyes that developed de novo CFS, suggesting it was not a safety
issue. This finding may be a consequence of non-significant but uneven distribution of diabetic patients between groups,
with higher frequency in the IPL+LLLT group. Diabetic patients show increased corneal epithelial fragility, delayed
healing, and persistent defects.”**° Anyhow, further research is needed regarding the effect of IPL and LLLT in the
corneal epithelium.

The results of this study support no clear superiority in efficacy or safety when comparing both treatment modalities.
In clinical practice, it should also be taken into consideration the extra burden caused by LLLT namely the increased
treatment time, and some discomfort caused by the application of heat. Our methodology did not consider these two
outcomes.

A possible limitation of this study is the use of different IPL devices in each group and different treatment intervals.
Currently there is no approved device to perform LLLT separately. We used the commercially available devices to
perform each treatment and the session intervals recommended by each manufacturer. The observational design of the
study impaired true randomization of the subjects or experimentation with the use LLLT alone. Another limitation is the
short follow-up. Other studies with longer follow-up periods observed an effect up to 3—6 months after similar treatment
protocols.®!'>'*!? It remains unclear if LLLT will affect the results in the long term.

IPL seems to have advantages in patients which are refractory or uncompliant to classic therapies, but formal
indications are not yet established. Future studies should also determine the stage of MGD and other patient’s
characteristics that predict the best cost-effectiveness for this treatment.

Conclusion

In summary, our results suggest that IPL is effective and safe in the short term for the treatment of MGD. Combining
LLLT to IPL may additionally improve lacrimal gland function and tear production, but further studies must confirm this
finding.
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Abbreviations

CFS, corneal staining; EB, eye blink quality; IPL, intense pulsed light; LLT, lipid layer thickness; LAMG, loss area of the
meibomian glands; LLLT, low-level light therapy; MGD, meibomian gland dysfunction; NIBUT, non-invasive break-up
time; TMH, tear meniscus height; OSM, tear osmolarity.
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