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Abstract: Dry eye disease (DED) is among the most common condition encountered during

ophthalmic practice, reducing patient’s quality of life and work productivity. Most of DED

cases have an evaporative component originated from a meibomian gland dysfunction (MGD).

Conventional treatments such as tear substitute, warm compresses, topical anti-inflammatory

agents and/or antibiotics often are not able to provide a complete and long-term relief of

symptoms and signs. Intense pulsed light (IPL) has been widely used in the field of dermatol-

ogy to treat various skin conditions, and it has been recently introduced in the ophthalmic

practice for the management of DED due to MGD. To date, several clinical studies showed

positive results of IPL as adjuvant therapy for DED in terms of both safety and efficacy. The

treatment is usually well accepted among patients for its non-invasive nature; very rare are the

major adverse reactions. Moreover, results can be maintained over time with periodic sessions

of IPL. This review summarizes the clinical outcomes of IPL therapy in MGD patients

pointing out its potential role in the therapeutic algorithm of the disease. Further clinical

investigations are desirable to identify factors able to predict the positive outcomes of the

procedure and therefore to select in advance those patients who best benefit from IPL therapy.
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Introduction
Dry eye disease (DED) is a common ocular condition that causes ocular discomfort

symptoms and reduces the vision, thus impairing patient’s quality of life and

restricting daily activities and work productivity.1,2

According to the TFOS DEWS II, the new definition of DED recognizes the multi-

factorial nature of dry eye as a disease where loss of homeostasis of the tear film is the

central pathophysiological concept replacing the old etiological classification.1

The vast majority of DED cases comprehends meibomian gland dysfunction

(MGD), a condition characterized by a chronic and diffuse abnormality of the

meibomian glands with obstruction of their terminal duct and qualitative/quantita-

tive changes of glandular secretion.3,4

Until recently, treatment options for this condition have been mainly represented

by tear substitutes, warm compresses, meibomian gland expression and probing,

omega-3 fatty acid supplementation, topical anti-inflammatory agents and/or oral

antibiotics, as well as dedicated devices administered in-office (e.g. LipiFlow).5–14

However, despite the variety of these strategies, DED patients may not experience

complete or long-term relief of their symptoms suggesting the continuous need for

more effective treatments.15–17

Correspondence: Giuseppe Giannaccare
Department of Ophthalmology,
University “Magna Græcia”, Viale Europa,
Catanzaro, Germaneto 88100, Italy
Tel +39 3317186201
Email giuseppe.giannaccare@gmail.com

Clinical Optometry Dovepress
open access to scientific and medical research

Open Access Full Text Article

submit your manuscript | www.dovepress.com Clinical Optometry 2019:11 113–126 113

http://doi.org/10.2147/OPTO.S217639

DovePress © 2019 Giannaccare et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/
terms.php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing

the work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed.
For permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

C
lin

ic
al

 O
pt

om
et

ry
 d

ow
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

http://orcid.org/0000-0001-6700-8961
http://orcid.org/0000-0001-6826-7957
http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php


Intense pulsed light (IPL) is a relatively novel treat-

ment for DED due to MGD. The technique has been used

in dermatology for over a decade for the treatment of

rosacea, acne and skin lesions like benign cavernous

hemangioma and telangiectasia.18,19 The technique uses a

polychromatic light with a wavelength spectrum of

500–1200 nm which is directed to the skin and absorbed

by chromophores such as melanin, hemoglobin and water

with the development of heat, thus inducing blood vessels

ablation.18 Toyos and co-workers reported for the first time

the concurrent improvement in DED symptoms in patients

undergoing IPL to treat skin rosacea.20 After this anecdotal

case series, there has been a growing interest among

ophthalmologists in evaluating IPL as a potential therapy

for DED due to MGD.21–27 Subsequently, a new genera-

tion of device, designed specifically for periocular applica-

tion with calibrated sequenced light pulses delivered under

the shape of regulated train pulses (intense regulated

pulsed light, IRPL), has recently become commercially

available.28–31

The purpose of this review is to summarize the avail-

able evidence on IPL as a novel therapeutic tool for DED.

In addition, the perspectives of implementation of the

instrument/procedure as well as the identification and

selection of cases who best benefit from IPL procedure

will be discussed.

Meibomian Gland Dysfunction
Meibomian glands are modified sebaceous glands located

along the upper and lower eyelid margins. They contribute

to the secretion of the lipid component of the tear film,

which prevents premature tear evaporation keeping the

ocular surface lubricated.4 Moreover, normal meibum con-

tains antimicrobial properties that keep the lid margin clear

from overgrowth.32

MGD is defined as a chronic and diffuse abnormality

of the meibomian glands that may results in tear film

instability leading to eye irritation with clinically apparent

inflammation and ocular surface disease.33

In addition, chronic inflammation determines abnormal

blood vessel growth that surrounds the meibomian glands

and secretes inflammatory mediators that aggravate glands

activity.33

According to the report of the “Definition and

Classification Subcommittee of the International Workshop”,

MGD can be classified as a low- or high-delivery state.33,34

The former, which is the most common stage of MGD,

is associated with deficiencies in meibomian glands

secretion and it may be further characterized as obstruc-

tive, with cicatricial and non-cicatricial subcategories, or

hyposecretory with gland atrophy. The latter, also known

as hypersecretory MGD, is characterized by the release of

large amounts of meibum at the lid margin in response to

pressure on the eyelid and has been associated with sebor-

rheic dermatitis in the totality of cases.

The pathogenesis of MGD is arranged in a vicious

circle: meibomian glands inflammation with dropout or

blockage for ductal epithelium hyperkeratinization leads

to stasis of the meibum inside the glands; the reduced

gland outflow promotes the proliferation of bacteria,

increasing the viscosity of the meibum, thus resulting in

further blockage on the gland orifices.34

Traditional DED treatments may not provide complete

relief of symptoms and signs.15–17 Moreover, multiple

therapies could cause compliance and safety issues making

treatments useless and harmful.

Particularly, corticosteroid therapy needs close moni-

toring due to its potential complications.35,36

Therefore, the development of novel therapeutic stra-

tegies is desirable in order to improve the prognosis of the

disease.

IPL Transition From Dermatology
To Ophthalmology
IPL consists of a non-coherent and polychromatic light

source with a wavelength spectrum of 500–1200 nm,

which can be easily modulated through a proper filter.18

It induces a selective photothermolysis of the irradiated

tissue as light energy is preferentially absorbed by a chro-

mophore and converted into heat, leading to coagulation

and ablation of blood vessels.37 The use of polychromatic

infrared light was first described in 1976 by Muhlbauer for

the treatment of vascular malformations.38

The first IPL device was produced in 1990 and it was

commercially available as a medical tool in 1994.39

The main field of application has been, until now,

dermatology, particularly in the treatment of pigmentary,

acneiform, adnexal and other inflammatory disorders, vas-

cular lesions, scars and pre-malignant/malignant lesions

such as actinic keratosis.40 The potential role of IPL in

the ophthalmology field dates back to 2002, when Toyos

and colleagues registered ocular symptoms improvements

in patients treated with IPL for facial skin rosacea.20

Further objective examination then confirmed its positive

effects on MGD and DED.20
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Based on this evidence, IPL therapy started to be

included in the therapeutic armamentarium of DED

patients and IPL devices specifically configured for the

periocular application have been developed, starting a

brand-new technology. Over the following years, ophthal-

mologists refined the technique and the devices, aiming at

improving results while minimizing complications.

Mechanisms Of Action
Despite its use in the treatment of ocular surface diseases,

the mechanism of action of IPL in the setting of DED is

still unclear and there is no universal consensus about it.

The main speculative theories include abnormal blood

vessels thrombosis, meibum heating and liquefaction,

photomodulation, Demodex eradication, secretion modula-

tion of pro and anti-inflammatory molecules and matrix

metalloproteinases suppression.41

Destruction Of Superficial Blood Vessels
In patients suffering from facial skin rosacea, abnormal

blood vessels release inflammatory mediators which could

easily propagate to the eyelids through facial artery and

orbital vasculature. It has been proposed that these inflam-

matory mediators could trigger the inflammation of mei-

bomian glands leading to their dysfunction.20 The

beneficial effect of IPL on vascular disorders has been

extensively studied and reported.19 Light energy absorbed

by chromophores such as melanin, hemoglobin and water

is transformed into heat causing the localized thrombosis

and destruction of superficial blood vessels, thus removing

a major source of inflammation from the eyelids and

meibomian glands.42

Bäumler et al, thanks to a mathematical model, demon-

strated that in medium and large blood vessels (>150 μm)

a single IPL pulse of 30 ms duration raises the temperature

at the center of the vessel to 80–90°C, above the tempera-

ture required to cause coagulation and thrombosis.43

Fluidification Of Meibum
All patients with obstructive MGD exhibit increased mei-

bum viscosity due to changes in meibum composition,

resulting in the increase of the meibum melting

temperature.44,45 Eyelid temperature significantly influ-

ences the physical properties of meibomian gland

secretions.44,45 Since higher temperatures correspond to

less viscous secretions, warming the eyelids could play a

therapeutic effect, facilitating meibomian gland expression

by reaching the phase-transition temperature.46 However,

meibum modification consists of a biochemical phase

transition (from gel to liquid crystalline) and not a state

change (from solid to liquid).47 IPL is thought to favour

the elevation in skin temperature making the meibum less

viscous, thus resulting in the unclogging of the glands and

promoting the normal distribution of meibum over the

ocular surface.44,45,48

Down-Regulation Of Epithelial Turnover
An enhanced epithelial turnover characterizes skin rosacea

and, in a mechanism like dandruff production, a large

amount of dead skin cells detaches from the epidermal

surface, accumulates and creates debris. Accumulation of

debris on the lid margin, together with poor lid hygiene,

could potentially encourage the obstruction of the gland’s

orifices, leading to their dysfunction.41,49 Thus, IPL could

contrast this trend by decreasing the epithelial turnover.

Photomodulation
Photomodulation consists in using light sources at differ-

ent wavelengths to stimulate specific biological patterns in

order to achieve a therapeutic effect. IPL produces a

photochemical cascade, inducing changes in the redox

properties of components along the mitochondrial respira-

tory chain, leading to faster electron transfer and, hence, to

an increase in adenosine triphosphate production.50,51 The

rise of adenosine triphosphate results in higher levels of

intracellular free calcium concentration that acts as a sig-

nal to promote different physiological reactions for the cell

development and growth such as increased fibroblast pro-

liferation, enhanced collagen synthesis and local blood

flow.52 The ability of IPL to activate fibroblasts and

enhance collagen synthesis is the basis for the efficacy of

skin rejuvenation treatments.53–55 At the eyelid skin level,

this effect could contrast the natural tendency of the skin

to lose rigidity and elasticity with aging, a process that

could lead to poor apposition of the lid margins and

incomplete blinks, resulting in reduced meibum secretion

and increased tear evaporation.

Antimicrobic Effect
Another potential mechanism of action of IPL is the

reduction of bacteria and parasitic growth on the eyelids

and eyelashes. Demodex folliculorum, an ectoparasite liv-

ing in hair follicles and sebaceous glands, retains a com-

mensal relationship with Bacillus olerinus and together

they play a role in the etiology of blepharitis and

MGD.56–58 First of all, the microbial colonization of the
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eyelids contributes to the chronic and self-perpetuating

inflammation.59–61 Secondly, Demodex and Ba. olerinus

release toxic substances, including lipases, which alter

meibum composition and increase its viscosity.41

Moreover, oleic acid, a product of lipase activity on the

gland secretion, could play a role in the keratinization of

the lid margin, thus contributing to the obstruction of the

orifices and in the amplification of the inflammatory

process.34

IPL could efficiently induce the coagulation and necro-

sis of Demodex thanks to the presence of chromophore in

its pigmented exoskeleton, as confirmed by histological

analysis.61,62

Anti-Inflammatory Effect
Inflammation plays a key role both in the pathogenesis and

in the progression of DED as confirmed by the elevated

levels of cytokines, matrix metalloproteinases and chemo-

kines found in the tears of patients with DED compared to

healthy controls.63,64 IPL could interfere this vicious circle

by the upregulation of anti-inflammatory cytokines and/or

the downregulation of the proinflammatory ones. Studies

in the dermatological field demonstrated that IPL

increased levels in the skin cells of interleukin 10 and

transforming growth factor-beta and lowered levels of

interleukin 6, tumor necrosis factor alpha, matrix metallo-

proteinases and proteolytic enzymes.65–68 The direct

demonstration of IPL effect upon ocular surface inflamma-

tion has been provided by Liu et al that showed a decrease

of inflammatory markers in tears after IPL treatment.69

Anti-Oxidative Effect
Above the several factors contributing to the pathogenesis

of DED, it is important to cite the role of reactive oxida-

tive species such as superoxide anions and hydroxyl radi-

cals released by neutrophils and inflammatory cells.70,71

The effect of IPL on oxidative stress follows a biphasic

dose response: at low doses, it produces an increase in

reactive oxidative species together with an antimicrobial

effect, whereas at higher doses it shows the reduction of

reactive oxidative species levels, thus diminishing oxida-

tive stress and inflammation.72

In contrast to the most proposed mechanisms of action,

Mejia and co-authors suggested that the effects obtained

from IPL do not depend on temperature rise or physical

proximity but it is caused by photomodulation with a

photochemical effect able to trigger biologic processes.73

Indeed, since the device is not directly applied on the

eyelid and uses almost low-intensity energy (from 8.5 to

20 J/cm2) with a very subtle, short-timed and confined

temperature increment they believe that the temperature

cannot be the main actor of IPL effect. In this model,

mitochondria play a key role with cytochrome C oxidase

complex being proposed as the primary photoreceptor,

yielding an increase in adenosine triphosphate production

and the induction of transcription factors. Together, these

effects lead to cellular stimulation and cytokines

modulation.73

IPL Procedure
IPL devices allow the regulation of wavelengths, pulse

duration, pulse intervals and fluence, thus facilitating the

treatment of a wide spectrum of conditions in different

patients using a tailored approach.74 Treatment intensity

depends on patient’s skin type, which is documented by

the Fitzpatrick score (patients with higher scores, i.e. more

pigmented, necessitate lower energy settings to avoid risk

of melanin damage and resultant hypopigmentation).75

The majority of IPL devices use low-intensity energies

(8.5−20 J/cm2) and have to be set on the proprietary “dry

eye mode”.

Protective eye shields must be placed over the eyes and

the treatment area must be free from make-up, shaved and

covered with an ultrasound gel.

IPL flashes are placed for each eye starting from the

inner canthus and ending in the temporal region below the

lower eyelid, with slight overlapping applications. The

upper eyelids are not treated directly since there is a risk

of light penetration through the eyelid and absorption

within the intraocular structures such as the pigmented

iris tissue.41 On the other hand, Rong et al applied IPL

pulses both on the upper and lower lids and protected

ocular structures by placing a Jaeger lid plate with

18 mm and 22 mm curved wide blades in the conjunctival

sac. The blade moved with IPL pulses during treatment to

ensure that cornea, iris and sclera were not directly

exposed to IPL fluence.76,77

Usually, one full passage or, more rarely, two passages

are done for each eye in order to ensure the full coverage

of the treatment area. At the end of the procedure, warm

compresses are usually applied along the eyelids for a few

minutes and meibomian glands are manually expressed to

assist meibum secretion. To date, there is no universal

agreement about the therapy that patients should receive

after IPL treatment. Most of the authors advised patients to

continue standard ocular medications such as tear
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substitutes, lid hygiene with warm compresses and omega-

3 supplements. Conversely, other authors treated patients

with topical steroids or non-steroidal anti-inflammatory

drugs for a time period ranging from 2 to 10 days after

each IPL session.20,72,78,79 Most of IPL treatment protocols

include 3 to 4 sessions, but the number of IPL sessions

may vary depending on disease severity, patient character-

istics and subjective satisfaction. The collection of further

clinical data is desirable in order to identify the more

efficacious number of sessions for one treatment protocol

and the ideal time interval between each session.

Clinical Results
Safety
As a non-invasive and efficacious procedure, the use of

IPL is increasing among ophthalmologists. For this reason,

it is important to be aware of the potential adverse effects

of this technique that can occur to the patient eye.

The pigmented iris absorbs light in the same wave-

lengths range of IPL, thus being one of the most suscep-

tible and vulnerable targets of IPL.

Neglect for appropriate patient eye protection during

IPL sessions can easily cause permanent ocular damage.

Several studies documented the ocular complications

related to this procedure, which ranged from anterior uvei-

tis to permanent iris atrophy and pupillary defects with

long-lasting photophobia and pain.80–82 Furthermore, pos-

terior synechiae originating from intraocular inflammation

can lead to pupillary block and secondary angle-closure

glaucoma.83,84 In order to prevent these unpleasant side

effects, the use of eye shields is highly recommended

during each IPL session for the entire duration of the

procedure.

Apart from the ocular complications secondary to the

incorrect use of IPL, the procedure has been associated

with minor and transient side effects such as pain,

erythema, hypo- or hyperpigmentation, blistering and

superficial crusts.21–23,26,30,85

In their study, Li et al aimed to determine the optimal

parameters settings for patients with darker skin types (III/

IV Fitzpatrick score). As treatment by laser or light

sources carries greater risk for people with a higher

score, this would ensure both safety and efficacy at the

same time.25 They compared two types of parameters

setting with the same pulse setting (2 pulses, 3.0 ms of

pulse duration and 30 ms pulse delay) but with different

light filters and energy densities (560 nm, 16 mJ/cm2 vs

590 nm, 14 mJ/cm2). The study showed no significant

differences between the two groups in terms of clinical

efficacy including tear break-up time (TBUT) and ocular

surface disease index; conversely, the group treated with

higher energy experienced higher discomfort symptoms

compared to the lower energy-treated group. Thus, these

results indicate that the setting with higher wavelength and

lower energy is the best choice for patients with skin type

III/IV as it provides the same efficacy with decreased side

effects. Further, they attempted to characterize age-depen-

dent therapeutic effects after the division of patients into 2

age groups ( � 40 vs � 40 years). The younger group

showed greater sensitivity to IPL treatment, with a better

and faster improvement. The proposed explanation for this

difference is the greater complexity of the ocular surface

system in older patients and the better metabolism and

immune functions in younger subjects.

Efficacy
Four retrospective studies have been conducted in order to

investigate the therapeutic effect of IPL in patients suffer-

ing from DED, and the major findings are summarized in

Table 1.20,73,78,86

Toyos and co-authors conducted a three-year, retro-

spective, non-comparative, interventional case series

study to determine the clinical benefits of IPL therapy on

DED caused by MGD in patients who received IPL for the

treatment of facial skin rosacea. The study included 78

patients presenting with severe DED measured by a com-

bination of TBUT, meibum quality, lid margin changes

and ocular discomfort symptoms. Treatment consisted of

an IPL session followed by meibomian gland expression at

a single outpatient’s clinic. The procedure was repeated

approximately every 30 days until there was adequate

improvement in ocular symptoms. The evaluation of treat-

ment efficacy was conducted through the analysis of

changes in TBUT values, self-reported patient satisfaction

and adverse events. Improvement in TBUT was found in

68 of 78 patients (87% of the total) with 7 treatment

sessions while 93% of patients reported treatment satisfac-

tion. No severe adverse events occurred; 14% of patients

experienced blistering, cheek swelling, conjunctival cyst,

floaters, hair loss at brow and forehead, light sensitivity

and redness of face.20

Gupta and co-workers conducted a multicenter cohort

study to evaluate the clinical outcomes of IPL in 100

patients diagnosed with MGD. Clinical parameters ana-

lyzed in this study included slit-lamp findings (eyelid and
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facial vascularity, edema, meibomian gland oil flow and

quality score) TBUT and ocular surface disease index.

Patients received on average 4 IPL sessions, each sepa-

rated by 3–6 weeks, obtaining good results: there was

significant decrease in scoring of lid margin edema, lid

margin vascularity, meibum viscosity and ocular surface

disease index while there was a significant increase in oil

flow score and TBUT.78 Vegunta and co-authors adopted

the same study design, analyzing medical records of 35

patients who received 1 to 4 IPL treatments every 4–6

weeks together with meibomian gland expression. The

totality of patients showed a significant reduction in

Standard Patient Evaluation of Eye Dryness 2 score and

meibomian gland function improved significantly in 77%

of patients at least in 1 eye.86

Most of the studies assessing IPL efficacy were per-

formed in patients with an evaporative form of DED.

Conversely, conflicting results are available in the litera-

ture about the effect of IPL on aqueous-deficient DED.

Guilloto and co-workers conducted a prospective non-con-

trolled study on 36 patients with different aetiologies of

DED who underwent 4 IPL sessions, one every 15 days.

Pure aqueous-deficient DED patients did not show any

improvement after IPL treatment.31 On the other hand,

Mejia and collaborators noted a statistically significant

improvement in signs and symptoms not only in patients

with evaporative DED, but also in those with aqueous-

deficient one.73 However, the vast majority of DED cases

are evaporative or mixed (evaporative plus aqueous-defi-

cient), and IPL represents an efficient treatment strategy

for both these types of disease.

Several prospective clinical trials investigating the use

of IPL for the treatment of DED have been conducted.

Most of them are non-randomized (Table 2) while four are

randomized ones (Table 3). Craig and collaborators eval-

uated the effects of IPL on MGD in a prospective, double-

masked, placebo-controlled and paired-eye study.28

Twenty-eight patients received IPL treatment (E > Eye

E-Swin, France) in 1 eye while the other eye acted as

control. The IPL sessions were performed at 1, 15 and

45 days following baseline evaluation. A significant

increase in lipid layer grade and TBUT was reported in

Table 1 Retrospective Studies On IPL For DED Therapy

Study

(Year)

Design Patients

(n)

IPL

Device

Frequency

(Weeks)

IPL

Sessions

(n)

IPL

Energy

(J/cm2)

Adverse

Events

Results

Gupta et al

(2016)78
Retrospective 100 Quadra

Q4

3–6 4 / No Decreased scoring of

lid margin edema, lid

margin telangiectasia,

lid margin vascularity,

meibum viscosity,

OSDI score.

Increased oil flow

score and TBUT

Mejia et al

(2019)73
Retrospective

cross sectional

25 E>Eye 0-2-6 3 9,8–13 / Improved symptoms,

TBUT, Schirmer and

VB scores

Toyos et al

(2015)20
Retrospective

noncomparative

case series

91 Quadra

Q4

4 7 8–20 Blistering, cheek

swelling,

conjunctival

cyst, floaters,

hair loss, light

sensitivity,

redness

Improved TBUT and

dry eye symptoms.

Vegunta et al

(2016)86
Retrospective 35 Quadra

Q4

4–6 1–4 / No Decreased SPEED2

Increased meibomian

gland expression

(MGE)

Abbreviations: TBUT, tear break-up time; MGE, meibomian gland expressibility; VB van Bijsterveld.
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the treated eye while subjective symptom scores improved

in both eyes.

Karaca and co-authors adopted the same protocol for

treating 26 DED patients. Symptoms (ocular surface dis-

ease index and Standard Patient Evaluation of Eye

Dryness scores), TBUT and Schirmer test significantly

improved whereas corneal fluorescein staining, lid margin

abnormality score, secretion quality and expressibility

showed no significant changes.85

Albietz and collaborators used the same IPL device

combined with meibomian gland expression at baseline,

2 weeks and 6 weeks in 26 patients.30 They found that all

the parameters analyzed (meibomian gland expressibility,

meibum quality, lid margin redness, ocular surface disease

index, TBUT, corneal fluorescein staining, bulbar and lim-

bal redness, eyelid margin bacteria colony count) showed

significant improvement. Treatment effects were cumula-

tive and sustained for at least 6 weeks after the final IPL

procedure.

Dell and co-workers analyzed the clinical outcomes of

40 patients who underwent 4 IPL sessions, each 3 weeks

apart, obtaining similar results.24 Interestingly, Yin and

collaborators analyzed the effect of IPL on two indexes

describing the meibomian gland microstructure: the acinar

longest diameter and the acinar unit density. Both these

parameters showed a significant improvement after

treatment.27 Authors speculated that the changes in gland

microstructure were induced by the photomodulation

effect of IPL on acinar cell activity.27 Arita and co-workers

evaluated 45 patients who were randomly assigned to

receive either the IPL plus meibomian gland expression

or meibomian gland expression alone (control group).21

The treatment consisted of 8 sessions with a time interval

of 3 weeks. A significant improvement in lipid layer grade

and thickness, TBUT, lid margin abnormalities and mei-

bum grade was observed in the IPL-meibomian gland

expression group but not in the control group. Significant

improvements in ocular discomfort symptoms as well as in

corneal fluorescein staining score were also obtained.

Therefore, the study showed the superiority of IPL plus

meibomian gland expression over meibomian gland

expression alone in terms of efficacy and clinical results,

as demonstrated by the improved tear film homeostasis

and ocular symptoms obtained in patients treated with

the combined approach.21

In order to overcome the drawbacks of subjective mea-

sures, Vigo and co-workers used an automated ocular sur-

face work-up to evaluate the effect of IPL on DED.79 In

this study, TBUT values significantly increased as well as

tear film characteristics and quality; on the other hand, no

significant changes were found for tear osmolarity, in

agreement with other studies.28,30 Furthermore, no signifi-

cant change was found for meibomian gland loss, in con-

trast to a previous study, which reported a decrease of

Table 3 Randomized Clinical Trials For IPL Therapy In DED

Study (Year) Design Patients

(n)

IPL

Device

Frequency

(Weeks)

IPL

Sessions

(n)

IPL

Energy

(J/cm2)

Adverse

Events

Results

Craig et al

(2015)28
Prospective

controlled

28 E>Eye 0-2-6

6

3 9–13 / Improved LLG, TBUT

and VAS symptom score

Liu et al

(2017)69
Prospective

controlled

randomized

double-masked

44 Lumenis 4 3 14–16 / Decreased levels of

inflammation markers

(IL-17A, IL-6, PGE2)

Rong et al

(2018)76
Prospective

controlled

randomized

double-masked

44 Lumenis 4 3 14–16 Mild pain and

burning,

partial

eyelash loss

Improved MGYSS,

TBUT, SPEED, CFS.

Rong et al

(2018)77
Prospective

controlled

randomized

28 Lumenis 4 3 14–16 No Improved MG

secretion function and

TBUT by 6 months

after IPL

Abbreviations: LLG, lipid layer grade; TBUT, tear break-up time; MGYSS, meibomian gland yielding secretion score; CFS, corneal fluorescein staining; SPEED, standard

patient evaluation of eye dryness; MG, meibomian gland.
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gland loss after IPL, suggesting its possible effect on

glands turnover.27,79

The anti-inflammatory effect of IPL is confirmed by

the significant decrease of inflammatory markers in tears

of DED subjects as shown by previous studies.23,69

In the study from Liu and co-authors, tear samples were

collected and analyzed at baseline, week 4 and/or week 12

for IL-17A, IL-6 and prostaglandin E2 (PGE2). All the

values of these inflammatory markers decreased during the

follow-up visits compared to baseline values. Furthermore,

IL-17A and IL-6 showed a significant correlation with ocular

surface parameters, thus confirming the role of these cyto-

kines in the pathogenesis of DED.69 Choi and co-workers

analyzed the effect of IPL on inflammation and reported

significant lower levels of IL-4, IL-6, IL-10, IL-17A and

TNF-alpha after IPL. Furthermore, TNF-alpha was corre-

lated with the improvement in meibum expressibility.23

Nevertheless, IPL was shown to improve tear protein

and lipid content and composition as demonstrated by

Ahmed and co-authors.87 In fact, the study showed sig-

nificant improvements in tear protein concentrations and

molecular weight. The most pronounced effect was seen

for lysozyme, lactoferrin and albumin. Regarding the

lipids, the study showed an improvement in the concentra-

tions of total lipids, triglycerides, cholesterol, and phos-

pholipids. Polar lipids such as phospholipids critically

impact the health of the ocular surface, contributing to

the stability of the tear film by providing a constant inter-

face between non-polar lipids, such as triglycerides and

cholesterol, and the hydrophilic aqueous layer.

Long-Term Results And Repeated

Treatments
It is still unclear if the therapeutic effect of IPL maintains

its efficacy over time. Some studies tried to clarify this

issue, adopting a longer follow-up after IPL treatments.

Seo and co-authors enrolled 17 patients suffering from

skin rosacea with moderate and severe MGD who under-

went 4 IPL sessions at 3-week intervals and were followed

for a total of 12 months.26 All ocular surface parameters

showed significant positive changes from baseline to fol-

low-up visits. However, TBUT, staining score and NIBUT

did not maintain their improvements at 6 and 12 months.26

Therefore, IPL may be a beneficial treatment with long-

lasting effects, but repeated sessions should be performed,

according to the severity of the disease. Rong and colla-

borators recommended the IPL treatment to be repeated

every 6 months: they enrolled 44 MGD patients in which 1

eye acted as the study eye and the other as control.77 The

complete therapy included 3 treatment sessions performed

at 4-week intervals. Both eyes received meibomian gland

expression and artificial tears. The patients were examined

at 1, 3, 6 and 9 months after the treatment. A total of 28

subjects completed the treatment protocol and were

included in the final analysis. IPL combined with meibo-

mian gland expression provided sustained efficacy for at

least 6 months by improving meibomian gland secretion,

TBUT, ocular surface parameters and symptoms.77

Although IPL provides an early-onset clinical improve-

ment, regular repeated treatments are usually required in

order to maintain beneficial effects over the time. Further

clinical investigations are clearly necessary to define the

proper timing for repeated cycles of therapy.

Discussion
MGD has been identified as the most common cause of

DED.34,88,89 The currently available treatments are mainly

palliative solutions that often fail to achieve long-term

improvement in clinical signs and ocular discomfort symp-

toms. IPL therapy was recently introduced in the field of

Ophthalmology, leading to significantly better outcomes in

MGD patients, as documented by the improvement of

ocular surface parameters and the decreased levels of

inflammatory cytokines detected in patients after

treatment.20–31,69 Although different speculative pathophy-

siological theories have been proposed to explain the posi-

tive effects of IPL upon dry eye signs and symptoms, the

mechanics of action are still not fully elucidated. Among

these, the coagulation of superficial blood vessels carrying

inflammatory mediators, the heating and liquefying of the

meibum, the decrease of bacterial and parasitic load over

eyelids and eyelashes are thought to be the principal ones.

More recently, the enhancement in collagen synthesis and

connective tissue remodeling, the reduction in skin epithe-

lial cell turnover, and the modulation of cellular inflam-

matory markers have also been proposed.41

To date, most of the available studies confirmed the

beneficial effect of IPL, reporting improvements in terms

of lid margin features (e.g. thickening and vascularity,

telangiectasia, number of plugged glands) and meibomian

gland secretion quality and expressibility. Furthermore, in

order to overcome the potential bias of a subjective ana-

lysis, a comprehensive ocular surface workup with auto-

mated quantitative measurements has been performed by

our Group, and the efficacy of the procedure was further
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confirmed.79 The minority of patients who did not experi-

ence significant clinical improvement after the procedure

suffered from others concomitant conditions that alter the

physiological ocular surface homeostasis, including

incomplete blinking, lagophthalmos, laser in situ kerato-

mileusis, contact lens wearing, use of benzodiazepines,

tricyclic antidepressants and diuretics. Furthermore, it is

likely that mild and moderate forms of DED better

respond to IPL compared to long-standing and end-stage

disease with meibomian gland atrophy.5

IPL has demonstrated to be not only effective, but also

a safe therapeutic option, as shown by a large amount of

studies that reported no major adverse events.

Currently, IPL therapy for the treatment of MGD and

DED is spreading among ophthalmologists and is a flour-

ishing field of interest as it is also indicated by different

ongoing studies (Table 4).

Despite its clinical efficacy, currently there are some

limitations: the technology cannot be used in patients with

a Fitzpatrick score higher than IV, as deeper pigmented

subjects are at a higher risk of skin damage. Moreover, the

upper eyelid cannot be directly treated because it is possi-

ble for the broad-spectrum light to penetrate and reach

underlying ocular structures with potential damages.

However, some authors demonstrated that also upper mei-

bomian glands showed an improvement in their function

after IPL treatment limited in the lower lids area.78 Other

current limitations are related to lack of evidence about the

number of sessions that should be performed for each

treatment cycle and to the proper interval time that should

be waited between each IPL session.

Finally, as several options are available in the arma-

mentarium of MGD therapies, studies aiming at identify-

ing predictive factors for a better response to IPL

procedure are desirable.

Conclusion
IPL therapy is a safe and effective adjuvant therapeutic

strategy for DED due to MGD. The treatment is usually

well accepted among patients for its non-invasive nature;

rare are main adverse reactions. Furthermore, the procedure

is quick and has shown good ability to improve signs and

symptoms in the early phases after treatment. However,

repeated treatments are often required to maintain the bene-

ficial effects over time. In addition, in order to further opti-

mize outcomes, the procedure should be combinedwith other

DED therapies (e.g. meibomian gland expression, tear sub-

stitute use, eyelid hygiene). Future perspectives should be

addressed to the identification of parameters able to predict

those patients who will most likely benefit from IPL proce-

dure and to the identification of the ideal number and timing

of sessions for repeated treatments.
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