
© 2023 Indian Journal of Ophthalmology | Published by Wolters Kluwer - Medknow

Meta-analysis

Efficacy of intense pulsed light therapy on signs and symptoms of dry eye 
disease: A meta‑analysis and systematic review

Guanghao Qin1, Jiayan Chen1, Liangzhe Li1, Qing Zhang1,2, Ling Xu1, Sile Yu1,3, Wei He1, Xingru He3,  
Emmanuel Eric Pazo1

Access this article online
Website:  
www.ijo.in
DOI:  
10.4103/IJO.IJO_2987_22

Quick Response Code:

This study reviewed the efficacy and safety of intense pulsed light (IPL) for the treatment of dry eye disease 
(DED). The PubMed database was used to conduct the literature search, which used the keywords “intense 
pulsed light” and “dry eye disease”. After the authors evaluated the articles for relevancy, 49 articles were 
reviewed. In general, all treatment modalities were proven to be clinically effective in reducing dry eye (DE) 
signs and symptoms; however, the level of improvement and persistence of outcomes differed amongst 
them. Meta‑analysis indicated significant improvement in the Ocular Surface Disease Index (OSDI) scores 
post‑treatment with a standardized mean difference (SMD) = −1.63; confidence interval (CI): −2.42 to −0.84. 
Moreover, a meta‑analysis indicated a significant improvement in tear break‑up time (TBUT) test values 
with SMD = 1.77; CI: 0.49 to 3.05. Research suggests that additive therapies, such as meibomian gland 
expression (MGX), sodium hyaluronate eye drops, heated eye mask, warm compress, lid hygiene, lid margin 
scrub, eyelid massage, antibiotic drops, cyclosporine drops, omega‑3 supplements, steroid drops, and warm 
compresses along with IPL, have been found to work in tandem for greater effectiveness; however, in clinical 
practice, its feasibility and cost‑effectiveness have to be taken into consideration. Current findings suggest 
that IPL therapy is suitable when lifestyle modifications such as reducing or eliminating the use of contact 
lenses, lubricating eye drops/gels, and warm compresses/eye masks fail to improve signs and symptoms of 
DE. Moreover, patients with compliance issues have been shown to benefit well as the effects of IPL therapy 
is sustained for over several months. DED is a multifactorial disorder, and IPL therapy has been found to 
be safe and efficient in reducing its signs and symptoms of meibomian gland dysfunction (MGD)‑related 
DE. Although the treatment protocol varies among authors, current findings suggest that IPL has a positive 
effect on the signs and symptoms of MGD‑related DE. However, patients in the early stages can benefit 
more from IPL therapy. Moreover, IPL has a better maintenance impact when used in conjunction with 
other traditional therapies. Further research is needed to assess cost‑utility analysis for IPL.
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Dry eye disease (DED) is a multifactorial disorder that manifests 
on the ocular surface as loss of homeostasis of the tear film, ocular 
symptoms, tear film instability, hyperosmolarity, ocular surface 
inflammation, damage, and neurosensory abnormalities.[1] The 
primary symptoms of patients with dry eye (DE) are dryness, 
discomfort, foreign body sensation, burning sensation, and 
decreased visual quality, which has the tendency to affect their 
quality of life.[2,3] Depending on the demographics surveyed, it 
is estimated that the prevalence of DE ranges from 5% to 50%.[4] 
Because of deleterious lifestyle changes, an aging population, 
chronic illness, and the use of certain medications, the prevalence 
of DED has continued to increase, burdening the healthcare 
system and expenses year over year.[5]

According to the Tear Film and Ocular Surface Society’s 
Dry Eye Workshop II (TFOS DEWS II), DED is divided into the 
aqueous deficient dry eye (ADDE), evaporative dry eye (EDE) due 
to meibomian gland dysfunction (MGD), and a combination of 
ADDE and EDE. Varying severity of hypo‑secretion of meibum by 
the meibomian glands (MG) is considered the most likely cause of 
EDE [Fig. 1].[6] Conventional treatments such as preservative‑free 
drops, omega‑3, and fatty acid supplementation can be used for 
mild disease. For moderate DED, high viscosity eye drops and 
gel or ointment, warm compresses, eyelid massage,[7] eyelid 
expression, and lacrimal plugs have been proven to be useful. 
In severe DED, serum tears,[8] topical azithromycin,[9] topical 
cyclosporine,[10] oral doxycycline,[11] cholinergic agonist,[12,13] and 
amniotic membrane biologic corneal bandage lens,[14] have shown 
to improve the signs and symptoms of DED.[15] However, in the 
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long term, their efficacy is not satisfactory due to the patient’s 
lack of treatment adherence.[16,17]

Intense pulsed light (IPL) has mostly been utilized as a 
dermatological treatment for conditions such as facial rosacea, 
facial erythema, acne, and seborrheic keratosis throughout the 
last few decades.[18] In 2015, Toyos et al.[19] reported the use of 
IPL for treating MGD to improve the signs and symptoms of 
DED. Two years later, the TFOS DEWS II report listed IPL as 
an option for treating DED.[20] Based on this, numerous studies 
have evaluated the potential use of IPL for treating the signs 
and symptoms of primary and secondary forms of DED [Fig. 2]. 
The purpose of this review is to summarize relevant studies 
and evaluate the efficacy of IPL for treating DE.

IPL Manufacturers
The current IPL manufacturers for ocular surface therapy 
are displayed in Fig. 3. The multiple homogenously sculpted 
light pulses (E > Eye; E‑SWIN, Paris, France) is stated to be the 
first IPL devices certified for the treatment of MGD.[21,22] The 
DreaMed Quadra4 IPL (DermaMed Solutions, LLC, Lenni, PA) 
is another device that has been reported to treat DE by selecting 
the “dry eye mode.”[23,24] In addition, various clinical studies 
using Lumenis One (Lumenis, Inc., Santa Clara, CA), Thermaeye 

Plus (DEKA M.E.L.A. Spa, MDS Medical Technologies 
SL, Spain), and BroadBand Light (Sciton Palo Alto, CA, USA).[25‑28] 
Eye‑light® (Espansione Marketing SPA., Bologna, Italy) CE‑marked 
device is a relatively new instrument for MGD, which has 
low‑level light therapy (LLLT) mode.[29‑32] The Lumenis M22 
system (M22; Yokneam, Israel/America) combines optimal 
pulse technology (OPT) with a modular laser multi‑application 
platform and is the most researched and published device for 
DE‑related disorders.[33,34]

IPL Treatment Process
IPL system uses a xenon lamp to emit light with a usual 
wavelength of between 500 and 1200 nm, which is aimed onto 
the cutaneous face sebaceous glands.[35] The intensity of IPL 
treatment needs to be selected according to the Fitzpatrick skin 
scale (from I to VI). Ultrasound gel is used to cover the targeted 
periorbital skin around the eyes before treatment. Routine 
treatment areas for IPL include the skin below the lower eyelid 
and the temples on both sides [Fig. 4]. In certain circumstances, 
IPL with a small spot size is applied directly to the upper eyelid to 
alleviate upper eyelid symptoms [Fig. 4].[27,36,37] Opaque goggles 
are required to cover both eyes during treatment. Currently, 
because there is no consensus on the frequency and duration 
of IPL therapy, clinician and publication usually have a 2 to 
6‑week interval between IPL therapy for DE and to achieve 
better treatment results, patients usually require numerous IPL 
sessions. After treatment, meibomian gland expression (MGX) or 
eye drops are used by some physicians for follow‑up treatment.

Mechanism of Action
Enhances MG function
Liquification of meibum
The photothermal effect has been postulated to enhance the 
lipid layer of the tear film as the heat generated by IPL can pass 
through the thin skin surrounding the eyes and into the MG,[38] 
thereby making the meibum less viscous as the temperature is 
raised. The meibum in the duct softens, flows, and secretes more, 
making it easier to evenly distribute it across the ocular surface.[19]

Promoting changes to MG architecture
According to Yin et al.,[34] IPL therapy not only improved the 
macrostructure but also the microstructure of MG, as the 
activity of acinar cells was stimulated by IPL, which thereby 
improved the microstructure of MG.

Effects on inflammatory markers and immune cell
Inflammation plays a key role in both the early and late stages 
of EDE.[39] Multiple aspects affecting the stability and osmotic 
pressure of the tear film can cause ocular surface damage 
and provoke an inflammatory reaction, which can further 
damage the ocular surface. Irritation, tear film instability, tear 
production, and ocular surface integrity are linked to cytokine 
and chemokine levels.[40] IPL disrupts the inflammatory 
cycle by enhancing anti‑inflammatory factors or suppressing 
pro‑inflammatory factors.[41,42] Although the mechanism is not 
fully understood, D’Souza et al.’s[43] report suggests that IPL can 
reduce the levels of molecular factors, including IL‑1β, IL‑17F, 
and MMP‑9/TIMP1 ratio and immune cell including B cells in 
the tears of DE patients. These observations suggest a decrease 
in ocular surface inflammation validating the improvement in 
ocular surface health metrics.

Figure 1: Vicious cycle of evaporative dry eye (EDE) and meibomian 
gland dysfunction (MGD)
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Demodex and IPL
Reports suggest that Demodex mites can cause MGD‑related 
DE.[44,45] Demodex mite proliferation can lead to a rise in Bacillus, 
which produces a number of inflammatory reactions on the 
ocular surface.[46] Simultaneously, it clogs the meibomian 
gland pores and limits the release of meibum.[47] IPL applied 
on the ocular region has been reported to induce coagulation 
and necrosis in Demodex mites, resulting in a therapeutic 
effect.[48,49] These changes have been proposed to be beneficial 
for improving lipid secretion.

Destruction of abnormal blood vessels
In patients with DED, eyelid telangiectasia is a prevalent 
symptom.[50] According to reports, dilated capillaries generate 
inflammatory mediators, which travel through local blood 
circulation to the eyelid and induce MGD.[19] The pulsed light 

energy emitted by IPL can be preferentially absorbed by the 
chromophore of hemoglobin and act on abnormal blood 
vessels near the eyelid margin and conjunctiva, causing local 
destruction of superficial abnormal blood vessels, reducing 
the source of inflammatory mediators, thereby improving the 
symptoms of MGD and DED [Fig. 2].[51]

Inhibit Metalloproteinases
Metalloproteinases (MMPs) are proteins involved in the 
pathogenesis of DE and these enzymes contribute to 
extracellular matrix remodeling. The therapeutic use of IPL 
has been found to lower the concentration of MMPs in tear 
samples of participants.[52]

Photomodulation
Photomodulation is the process by which light induces changes 
in cells at the gene or protein level. As the eyelid skin lexes 

Figure 2: Illustration depicting intense pulsed light (IPL) skin penetration

Figure 3: IPL dry eye research publications
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with age, it can lead to rough lid margins or incomplete lid 
closure, resulting in decreased lipid secretion. IPL stimulates 
mitochondria to increase adenosine triphosphate production,[53] 
which promotes the proliferation of fibroblasts and upregulates 
the synthesis of collagen fibers to achieve the effect of 
skin rejuvenation treatment.[54,55] Furthermore, significant 
improvements in molecular and cellular factors have also been 
reported.[43]

Neurotrophic effect
Nerve injury has been studied to be improved by low‑power 
laser irradiation.[56,57] Fiber sprouting and neuronal cell 
migration from aggregates were aided by irradiation with a 
780 nm laser.[58] A faster and better regeneration of the wounded 
nerve is achieved by increasing the rate of axon development 
and myelinization.

Methods
Since 2015, IPL has gotten a lot of interest as a therapy 
option for DED. The PubMed database was used to conduct 
the literature search, with the keywords “intense pulsed 
light” and “dry eye disease.” We conducted this search in 
March 2022 and returned 83 results. This review focused 
on any original research relevant to IPL for the treatment of 
DED. The articles for the meta‑analysis were filtered by the 
following exclusion criteria: (a) articles written in languages 
than English, (b) review articles, (c) letters to the editor, 
and (d) meta‑analysis articles. For a study to be included in 
the meta‑analysis, it was required to be an RCT comparing 
the effect of IPL therapy for MGD with control, and they 
must report their advent events. The study was required to 
evaluate the following outcome measures: Ocular Surface 
Disease Index (OSDI) score and non‑invasive tear break‑up 
time (NITBUT) score. In the end, five studies were included 
in this review article [Fig. 5].

Statistical  Analysis
Statist ical  analysis  was performed using Review 
Manager [RevMan, version 5.3; Nordic Cochrane Centre 
(Cochrane Collaboration)]. Pooled estimates for the continuous 
outcome measures were reported as the standard mean 
difference (SMD) with a 95% confidence interval (CI). The SMD 
was generated using the mean and standard deviation (SD) 
reported in the individual RCTs included in the meta‑analysis. 
P <0.05 was considered to indicate statistical significance. 
Heterogeneity was examined using Tau and Higgins’ I2 and 
it governed whether a fixed‑effects model (I2 value ≤50%) or a 
random‑effects model (I2 value >50%) was used.

Results
Changes in overall OSDI scores
Fig. 6 is a forest plot displaying the changes in the overall OSDI 
scores after IPL treatment reported by five studies at various 
follow‑up periods (ranging from <1 month to >6 months). After 
examining the forest plot for OSDI scores, the meta‑analysis 
results indicated a significant improvement in OSDI values after 
IPL with (SMD) = −1.63; confidence interval (CI): −2.42 to −0.84.

Impact on TBUT
Fig. 7 is a forest plot displaying the changes in TBUT values 
after IPL treatment reported by five studies at various follow‑up 
periods (ranging from <1 month to >6 months). After examining 
the forest plot for TBUT, the meta‑analysis results indicated 
a significant increase in TBUT test values after IPL with 
SMD = 1.77; CI: 0.49 to 3.05.

Indications for IPL in the treatment of DED
Initially, IPL was used to treat MGD‑related DE (MGD‑DE), 
either alone or in combination with other treatments such 

Figure 4: Routine treatment areas of IPL for EDE and MGD Figure 5: Flowchart of selection of studies for inclusion in the 
meta‑analysis
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as meibomian gland expression, artificial tears, low‑level 
light (LLL), warm compresses, and antibiotics. Its therapeutic 
range was further broadened, and some studies revealed 
that IPL might be beneficial for symptoms of patients with 
Sjögren’s syndrome‑related DE (SS‑DE), contact lens‑related 
DE (CL‑DE), and laser refractive surgery‑related DE, among 
other conditions.

MGD‑DE
MGD is one of the most common causes of EDE.[59] It can 
produce a series of ocular surface inflammation and irritation 
due to the inhibited secretion of sebaceous glands in the upper 
and lower eyelids.

Single therapy
Craig et al.[22] used a double‑blind, randomized controlled 
study to analyze the efficacy of IPL in the treatment of MGD. 
Twenty‑eight patients received a total of three treatments on 
days 1, 15, and 45. Results reported significant improvement 
in subjective symptoms of DE, NIBUT, and lipid layer grade. 
Although the findings imply that IPL improves tear film 
quality and lowers DE symptoms, the trial did not have a long 
follow‑up time.

In another study, Yin et al.[34] aimed to clarify the specific 
effects of IPL on MG. Comparisons were made with a 
control group treated with eyelid hygiene and the results 
showed that OSDI scores, conjunctiva staining (CS), TBUT, 
and MG function were all improved after IPL treatment. It 
is worth noting that the study looked at MG microstructure 
indices and discovered that changes in OSDI were linked to 
the MG acinar unit. There is a positive association between 
changes in OSDI and changes in MG acinar unit density. The 
researchers believe that IPL manages MGD by improving the 
microstructure of MG, which may be one of the therapeutic 
mechanisms of IPL.

A randomized controlled trial by Yan et al.[60] compared 
the efficacy of IPL therapy with MGX plus warm compresses 
for MGD. The results showed that the short‑term and 
long‑term efficacy indicators of IPL in the treatment of MGD 
DE were better than MGX combined with warm compresses. 
Furthermore, patients treated with IPL were more satisfied than 
controls at 7 days and 30 days follow‑ups. No adverse events 
were reported in this study.

IPL can significantly improve vision quality in addition to 
relieving DE symptoms according to Fan et al.[61] The quality 
of vision (QOV) questionnaire was utilized to assess 64 
participants who had two IPL sessions spaced 3 weeks apart. 
The results revealed that the patients’ subjective OSDI and 
QOV scores were greatly improved following therapy, mainly 
manifested as glare, halos, blurred vision, and blurred vision 
were significantly improved.

To further explore factors influencing clinical outcomes 
of IPL, Chen et al.[62] followed 48 MGD patients for 120 days. 
The characteristics of effective and ineffective IPL therapy 
outcomes were evaluated in this study. The analysis found that 
the effective rate of IPL treatment was higher in patients with 
younger age, higher baseline OSDI, higher baseline Schirmer’s 
I test, and moderate MGD. The incidence of effective IPL 
decreased with increasing age.[63,64] Surprisingly, there was no 
discernible correlation between mild MGD and effective IPL, 
and the authors explained that individuals with mild MGD 
had more MG expression capacity to improve than those with 
severe MGD, resulting in less OSDI improvement following 
IPL in mild MGD patients. These results need to be further 
verified by large‑scale multicenter experiments.

Zhao et al.[65] used lipidomic analysis of meibomian gland 
secretions to discover changes in lipid profiles caused by IPL. In 
total, 323 lipid compounds were discovered. After IPL irradiation, 

Figure 6: OSDI forest map after follow‑up

Figure 7: TBUT forest map after follow‑up
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lipids such as (O‑acyl)‑ω‑hydroxy fatty acids (OAHFA), 
triglycerides (TG), lysophosphatidylcholine (LPC), also called 
lysolecithins (LPC), ceramides (Cer), and others were shown 
to be altered in MGD patients. In these patients, IPL treatment 
provides therapeutic results by improving deleterious tear film 
lipid alterations. This study found that the expression of lipids 
by the meibomian glands can be used to assess the effectiveness 
of IPL therapy or other therapies for MGD.

Combination with other therapy
In 2015, Toyos et al.[19] employed the IPL technique for the 
first time to assess the efficacy of the treatment of MGD. 
Eighty‑seven percent of patients improved tear breakup 
time after four IPL plus MGX treatments and achieved better 
satisfaction. Although 13 patients experienced minor adverse 
events, such as blisters, skin redness, and forehead hair loss, this 
study offers a novel therapeutic option for DED. Subsequently, 
Vegunta et al.[24] reported a similar retrospective study showing 
significant improvement in 89% of patients following combined 
treatment with IPL and MGX. The investigators speculate that 
although treatment is unlikely to benefit end‑stage MGD, early 
IPL plus MGX therapy may be beneficial to these patients.

The following year, Dell et al.[66] evaluated the effect of IPL 
combined with MGX on 40 patients with moderate to severe 
MGD. Except for lipid layer thickness (LLT), all examined 
outcome measures such as corneal fluorescein staining (CFS), 
MG score (MGS), TBUT, and standard patient evaluation of 
eye dryness (SPEED) scores were significantly improved after 
15 weeks. Results suggest that IPL combined with MGX reduces 
the severity of symptoms in patients with moderate to severe 
MGD. The limitation of this study is that the treatment effect 
of MGX and IPL cannot be distinguished due to the lack of a 
control group. In contrast, the study by Rong et al.[67] is more 
rigorous, which employed IPL plus MGX to treat 44 patients 
with MGD in a double‑blind, randomized, controlled study. 
After three treatments, the DE symptoms, TBUT, MG secretion 
function, and ocular surface conditions improved. This study 
concluded that IPL combined with MGX is safe and effective 
in the treatment of MGD.

To determine whether the combination of MGX has a better 
effect, Chen et al.[68] conducted a clinical trial of IPL, MGX, 
and IPL + MGX groups. After the first treatment, the OSDI, 
TBUT, and MG indexes of the three groups were significantly 
improved; however, the duration of improvements differed. 
Several parameters in the IPL + MGX group continued to 
improve during the 3‑month follow‑up. In the IPL group, 
improvements in meibomian gland secretion function and 
TBUT were maintained for 3 months, whereas most parameters 
in the MGX group were not maintained at 3 months of 
follow‑up. According to the authors, MGX has a synergistic 
effect, making the combination treatment more effective.

In contrast to traditional IPL treatment regions, Toyos 
et al.[36] evaluated the safety and efficacy of IPL in relieving 
symptoms in patients with upper MGD. After four treatments 
using a new small‑spot IPL device on the upper eyelid skin, 
19 patients experienced a considerable reduction in subjective 
symptoms and had no adverse effects. However, MGX and 
other medications were combined in the IPL treatment 
procedure, and there was no control group included in their 
study. Therefore, a larger sample size study is needed to 

confirm their findings. Similarly, Li et al.[27] applied IPL on 
the upper eyelid of some patients with severe upper eyelid 
symptoms. Thirty patients were divided into the traditional 
IPL group and an additional upper eyelid group and after 
therapy, the symptoms of DE in both groups were improved; 
however, BUT, OSDI score and patient satisfaction of the latter 
were better than those of traditional IPL therapy. These findings 
showed that adding upper eyelid IPL therapy may be a feasible 
option for patients with refractory upper eyelid DE symptoms.

Low‑level light therapy (LLLT), which relies on 
photobiomodulation has been used in combination with 
IPL therapy. Stonecipher et al. reviewed 230 patients treated 
with LLLT combined with IPL therapy.[32] According to 
their findings, both MG function and OSDI scores improved 
significantly following therapy. However, there are some 
limitations to the study. The lack of a control group cannot 
determine the treatment effect of a particular therapy. In 
addition, Pérez‑Silguero et al.[31] and Marta et al.[29] verified that 
IPL combined with LLLT in the treatment of MGD can improve 
the thickness of the lipid layer and reduce the symptoms of DE.

Gao et al.[42] measured OSDI, TBUT, meibomian mass, and 
lacrimal gland cytokine levels to compare the anti‑inflammatory 
effects of IPL and tobramycin/dexamethasone plus warm 
compress. The OSDI score, TBUT, CFS, and meibomian gland 
expression (MGE) improved in both groups after treatment; 
however, IPL was able to lower IL‑17A and IL‑1 levels. Gao et 
al.[42] suggests that the change in IL‑17A and IL‑1 levels from 
negative to positive can be used to monitor the duration of 
IPL’s clinical effect. 

Recently, Wu et al.[69] investigated the efficacy of IPL 
combined with deproteinized calf blood extract (DCBE) 
eye drops in the treatment of DED with allodynia. This 
study included 23 patients with four treatments every 
4 weeks. The results showed that visual analog scale (VAS), 
OSDI, Ocular Pain Assessment Scale (OPAS), patient health 
questionnaire‑9 items, Athens Insomnia scale, generalized 
anxiety disorder (GAD‑7), CFS, MG quality (MGQ), and 
expression scores were significantly reduced. Schirmer’s I 
test and TBUT significantly increased after the treatment. The 
study concluded that IPL combined with DCBE eye drops 
for four treatments is an effective treatment for relieving 
eye pain in DED patients, in addition to repairing the brand 
density of the corneal nerve and improving substance 
P levels. Although not proven, these findings suggest that 
there could be a relationship between IPL treatment and 
corneal nerve repair.

Post‑LASIK refractory dry eye
LASIK surgery is a common corneal surgery for myopia 
correction. Postoperative DE occurs due to damage to the 
corneal nerves during surgery.[70] Patients can experience 
ocular discomfort, along with disturbances in their quality of 
vision following LASIK surgery. Some patients cannot improve 
after traditional drug treatment and suffer from long‑term 
problems.[71] Pazo et al. conducted a prospective study of IPL 
in the treatment of post‑Lasik refractory DE and discovered 
that IPL treatment improved the symptoms of post‑Lasik 
refractory DE and reduced dependence on artificial tears.[72] 
One year later, their team employed IPL combined with 0.1% 
sodium hyaluronate and heated eye mask for post‑Lasik 
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DE.[73] Combination therapy was considerably superior to IPL 
only in enhancing MG functions and lowering symptoms and 
indicators of DE in this prospective randomized controlled trial, 
which demonstrated an increase in tear‑film lipid layer (TFLL) 
in 100 patients after two sessions.

Sjögren’s syndrome
Sjögren’s syndrome (SS) is a chronic autoimmune disease 
in which the lacrimal gland is one of the glands affected, 
leading to severe DE symptoms.[74] IPL plus LLLT was first 
evaluated for the treatment of SS‑DE in a prospective study 
by Di Marino et al.[30] After one treatment, 20 SS patients 
showed significant improvement in OSDI and BUT, but no 
improvement in tear secretion. They speculated that the 
treatment failed to stimulate the lacrimal glands and reduced 
tear evaporation. Recently, Huo et al.[75] studied 27 SS‑DE 
patients who received three IPL plus MGX treatments, and 
the treatment group showed more significant improvement 
in the OSDI score, NBUT, CFS, MGX, and MGQ compared 
with the control group. Contrary to the results of Marino’s 
study, Schirmer’s I test and TMH were also significantly 
improved at the 12‑week follow‑up. This study suggests that 
the reduction of inflammation and improvement of the ocular 
surface after IPL treatment can initiate a cascade involving 
improved activation of corneal sensory nerve endings and 
enhanced tear secretion.

Contact lens‑related dry eye
Contact lens (CL) wearers often suffer from dryness, discomfort, 
and pain.[76] DED is the most common cause of CL termination. 
The commencement of an inflammatory cascade on the ocular 
surface, resulting in tear film hyperosmolarity in CL users, is 
regarded to be one of the major mechanisms of CL‑DE. The use 
of IPL in the treatment of CL‑DE was initially reported by Yang 
et al.[77] The results of this randomized controlled trial revealed 
that two cycles of IPL treatment increased both MG function 
as indicated by an enhanced NITBUT and TFLL along with 
the clinical symptoms of DED. In this trial, no adverse effects 
were reported. The latest study from Xu et al.[33] compared 
IPL and Heated Eye Mask (HEM) in 60 patients with CL‑DE. 
Both groups saw significant improvements in NITBUT, OSDI 
score, TFLL score, and MGQ. In comparison with the control 
group treated with HEM, IPL treatment was more effective in 
enhancing the overall stability of the tear film and minimizing 
the requirement for artificial tears. No adverse events were 
disclosed throughout the study.

Contraindications
Some patients are not suitable for IPL therapy due to safety 
concerns. According to the review, they usually include the 
following categories: 1). existing ocular trauma, infectious 
diseases, recent surgical history, 2). skin defects, pigmentation, 
moles, scars in the treatment area, and skin cancer, 3). 
autoimmune diseases and skin allergies, 4). pregnancy or 
lactation, 5). Fitzpatrick skin type V or VI (these two types of 
skin can also receive IPL therapy after adjusting the spot size 
and reducing the energy of the device).[26]

Adverse events
We reviewed 49 studies, adverse events were not recorded in 
14 studies; no adverse events were reported in 30 studies, and 
transient adverse events were recorded in 5 studies [Fig. 8]. 
A total of 2,114 patients in the report received IPL, and 

53 patients (2.5%) experienced mild adverse events [Fig. 9]. 
Mild pain, localized eyelash loss, erythema, edema, 
hyperpigmentation, corneal/conjunctival abrasion, and 
hair loss at the brow and forehead were the most common 
symptoms.[19,28,37,67,78] These symptoms went away in a short 
time, and no long‑term or serious adverse events were noted. 
It is worth noting that some adverse events are caused by 
improper operations by doctors.[67] According to the guidelines 
for care by the European Society for Laser Dermatology, 
human error is responsible for 30% of common adverse 
effects.[79] Adverse occurrences can be reduced by well‑trained 
clinicians. Overall, IPL therapy is safe for MGD‑related DE 
treatment.

Cost benefit
The cost of IPL is considered a major limitation as its not 
covered by most insurances, and maintenance treatments are 
often needed annually or bi‑annually. There are a growing 
number of device‑based therapies that help relieve signs 
and symptoms of DED, their costs range from LipiFlow 
(Johnson and Johnson Vision)[80] costing about $900 per session, 
iLux (Alcon),[80]a handheld device that provides warm massage 
to the eyelids costs between $600 and $700 per session, and IPL 
therapy can cost about $400 per session.[81] Although these costs 
can vary depending upon the region and therapy provider, 
IPL therapy, which must be performed several times, is not 
accessible to the masses.[82] In the future, it may be feasible due 
to economies of scale to produce and provide IPL therapy at 
a reasonable cost.[83‑85]

Figure 8: Adverse event report in all studies

Figure 9: Adverse events in reported studies
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Discussion
DE is one of the common diseases in ophthalmology clinics, 
and it is more common in women, Asians, and the elderly.[86‑88] 
Mixed dysfunction mechanisms were present in 80% of 
patients, rather than pure aqueous tear production or excessive 
evaporation.[2,89] EDE due to various underlying conditions 
is one of the common causes of DE. Through this study, we 
were able to examine the effectiveness of IPL as an effective 
treatment, and the results indicated a significant increase in 
TBUT and overall OSDI at all follow‑up periods.

DED is a multifactorial disorder, including MGD, ocular 
surgery, contact lens wear, and SS.[30,33,34,43,72,73,75,77] The management 
of DED is a major challenge for ophthalmology practitioners 
because long‑term improvement is difficult to maintain with 
traditional treatment modalities. Fortunately, IPL has been 
shown to be effective in the treatment of MGD‑related DED and 
provides an alternative therapy choice. In the literature review, all 
findings suggest that IPL can improve ocular surface parameters 
and MGD‑related DE symptoms and it is a safe treatment 
modality.[62,78,90] At the same time, the treatment method is also 
dynamic, and higher benefits can be obtained when combined 
with other traditional treatment methods.[29,33,43,61,68,69]

IPL instrument update has acquired good therapeutic 
efficacy with the advancement of technology as several recent 
studies have shown that the improved IPL devices can be 
directly applied on the skin of the upper and lower eyelids, 
which was not possible several years ago due to safety 
concerns.[26,27,36,37,91] However, clinicians should avoid the 
treatment on darkly pigmented skin.

The majority of existing studies suggest that the effect of 
IPL treatment can be maintained for at least 3 months.[61,68] 
However, to consolidate the treatment effect for a long time, it 
is necessary to receive repeated treatment at regular intervals. 
Furthermore, a unified standard or protocol has not yet been 
developed. Concurrently, the principal mechanism of IPL 
treatment is still unclear, and further verification is required 
based on the current assumption. In addition, the high cost of 
treatment is a barrier for some patients, especially for those in 
less developed economies. These flaws need to be addressed 
for the progress of IPL as a suitable therapy.

Conclusion
IPL therapy has been proven to be a safe and effective option 
for reducing the signs and symptoms of MGD‑related DE. 
It is beneficial for mild to severe forms of DE; however, 
early treatment is considered better. In addition, IPL has a 
better maintenance impact when used in conjunction with 
other traditional therapies. Further research is needed to 
understand the additional mechanism of action at a cellular 
and physiological level.
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