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This review examines currently available non-pharmaceutical treatment modalities for
meibomian gland dysfunction. A detailed search of the PubMed and MEDLINE databases
was performed to identify original articles in English that have evaluated such non-
pharmaceutical therapies in patients with this condition. Conventional therapies such as
application of a warming compress, the practice of lid hygiene, and manual expression of
meibomian glands as well as more technologically advanced approaches such as intraductal
probing, thermal pulsation, and intense pulsed light therapy are included in the review.
These non-pharmaceutical treatment options may each have a role to play in the manage-
ment of meibomian gland dysfunction, but more studies are necessary to compare treat-
ments directly under identical experimental conditions in order to determine their relative
efficacy. Additional large-scale, randomised, controlled trials are also required to provide
more information such as the specific indications best suited to each treatment modality,
the efficacy of such approaches in combination with pharmaceutical-based therapy, and the
mechanisms of action of some of the more technologically advanced systems.
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Meibomian gland dysfunction (MGD) is com-
monly encountered in ophthalmic clinics.
However, MGD has tended to be overlooked,
in part because of a large discrepancy
between its signs and symptoms, because it
does not cause blindness, and because until
recently there was no internationally
accepted consensus regarding its definition.
In 2011, the International Workshop on
Meibomian Gland Dysfunction convened by
the Tear Film and Ocular Surface Society pro-
posed a definition of MGD: ‘MGD is a chronic,
diffuse abnormality of the meibomian glands,
commonly characterised by terminal duct
obstruction and/or qualitative/quantitative
changes in the glandular secretion. This may
result in alteration of the tear film, symptoms
of eye irritation, clinically apparent inflamma-
tion, and ocular surface disease.” Since then,
various high-tech devices have been devel-
oped for the diagnosis and treatment of
MGD, potentially heralding a new era in which
clinicians will be able to choose and combine
treatment options depending on the severity
of the condition. In this article, non-
pharmaceutical treatment options for MGD,
from the long-standing to more recently
introduced, are reviewed.
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Method of literature review

In this review, we focused on non-
pharmaceutical treatments for MGD that are
commonly implemented worldwide on the
basis of scientific evidence provided by multi-
ple studies performed in different regions.
We selected six main types of non-
pharmaceutical treatments based on eyelid
warming, lid hygiene, manual expression of
meibomian glands, intraductal probing, ther-
mal pulsation, or intense pulsed light. English
language articles in the PubMed and
MEDLINE databases were searched by the
authors, with the last access in February
2019. A search with the key words ‘warm’,
‘eyelid’, and ‘meibomian’ for eyelid warming
resulted in the selection of 57 abstracts,
which, after the removal of review articles,
papers not in English, and studies that did not
focus on eyelid warming in MGD patients,
were narrowed down to 13 full-length articles
for analysis. In a similar way, eight full-length
articles for management of lid hygiene were
finally included on the basis of a search with
the key words ‘lid’, ‘hygiene’, and ‘meibomian’
that yielded 47 abstracts; four full-length

articles for manual expression of meibomian
glands were finally included on the basis of a
search with the key words ‘digital’ and
‘meibomian’ that yielded 24 abstracts; seven
full-length articles for intraductal probing
were finally included on the basis of a search
with the key words ‘probing’ and ‘meibomian’
that yielded 13 abstracts; 16 full-length arti-
cles for thermal pulsation were finally
included on the basis of a search with the key
words ‘thermal pulsation” and ‘meibomian’
that yielded 21 abstracts; and 14 full-length
articles for intense pulsed light were finally
included on the basis of a search with the key
words ‘intense pulsed light and ‘meibomian’
that yielded 21 abstracts.

Treatment modalities

Eyelid warming

Application of a warm compress is usually
the first step of treatment for MGD.? The
meibum secreted by meibomian glands
begins to melt at 32°C for healthy individ-
uals but at 35°C for patients with the
obstructive form of MGD.® Application of
heat to the eyelids promotes melting of the
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altered meibum of MGD patients and conse-
quent unplugging of the gland orifices,
encouraging the oily secretion to flow un-
impeded as in healthy individuals. The mini-
mum effective temperature for this therapy
was recently found to be 41.5°C.* A study of
the effects of two eyelid-warming devices
(EyeGiene and Blephasteam) on the lipid
composition (lipidome) of tear fluid in indi-
viduals with MGD revealed a reduction in
the abundance of lysophospholipids that
was associated with increased tear film sta-
bility as well as an increase in the levels of
(O-acyl)-o-hydroxy fatty acids, a reduced
rate of ocular evaporation and an improve-
ment in ocular symptoms.® In this section,
the safety and efficacy of various eyelid-
warming therapies classified according to
the mechanism of warming - warm com-
presses, steam warming, and radiant heat -
are reviewed (Table 1).

WARM COMPRESSES

Warm compresses include hot towels as
well as microwaveable bags containing
beads or seeds such as Medibeads (Bruder
Healthcare, Alpharetta, GA, USA), the
EyeDoctor (The Body Doctor, Huddersfield,
UK), the MGDRx EyeBag (The EyeBag Com-
pany, Halifax, UK), Azuki-no-Chikara (Kiribai,
Osaka, Japan), and many others.

The simplest approach to warm-compress
therapy is the application of a hot towel.
However, this approach has not been
standardised for the treatment of MGD,
with patients applying the towel for various
times at various temperatures and with
varying degrees of compliance.? One study
found that application of a hot towel at 45°C
for a total of at least four minutes, with
replacement of the towel with a new one at
the same temperature every two minutes,
resulted in eyelid warming sufficient to melt
meibum in individuals with MGD.® Such a
procedure is probably not realistic for the
performance of warm-compress therapy by
patients at home. Although hot towels have
been found to be effective for the treatment
of MGD, they have also been reported to
induce transient visual impairment due to
corneal distortion, as evidenced by the
polygonal reflex of Fischer-Schweitzer and
that apparently results from the associated
application of light pressure.®” Therapy with
a hot towel was found to be not as effective
with regard to heat retention compared
with microwaveable bags containing beads
or wheat.® The application of bundled hot
towels allows an appropriate temperature

Non-pharmaceutical treatments for MGD Arita and Fukuoka

to be maintained, although, again, compli-
ance is unlikely to be good.®

The MGDRx EyeBag is a reusable silk and
cotton eye compress that contains flaxseed
and which is heated in a microwave and
applied by the patient to the affected eye. A
randomised, examiner-masked clinical trial
of the MGDRx EyeBag for the treatment of
patients with MGD revealed efficacy with
regard to improvement in ocular symptoms,
the non-invasive break-up time and lipid
layer thickness of the tear film, the osmolar-
ity of tear fluid, and meibomian gland drop-
out and function.’® The efficacy of the
MGDRx EyeBag has also been compared
with that of the EyeGiene mask (see
below).”™? Both devices resulted in a clini-
cally and statistically significant improve-
ment in the non-invasive break-up time of
the tear film and lipid layer grade, as evalu-
ated in a study of 41 patients with mild-to-
moderate dry eye symptoms.'" However,
the MGDRx EyeBag was found to be more
effective at raising the ocular temperature,
and the temperature profile of the skin sur-
face was more uniform and the skin cooled
more slowly after heating with the MGDRx
EyeBag than with the EyeGiene mask.'?

Azuki-no-Chikara consists of a bag con-
taining red beans that is heated in a micro-
wave oven. It was compared with another
dry device, Eye Hot infrared warming gog-
gles (Cept Co, Tokyo, Japan), three wet
devices, Hot Towel (Daiso, Hiroshima, Japan),
Hot Eye Mask (Kao, Tokyo, Japan), and Mem-
oto Esthe (Panasonic, Osaka, Japan) in one
study with both MGD patients and control

subjects.’> Among the five devices, Azuki-no-
Chikara was found to be the most effective
in addition to being reusable, patient-
friendly, and available at a reasonable cost.
The bag was heated for 100 seconds in a
500-W microwave and placed on the eyelids
for five minutes twice daily. The findings of
this study also suggested that dry warming
was more effective, especially for patients
with the obstructive form of MGD, than was
wet warming, which might result in a lower-
ing of eyelid temperature due to evaporative
cooling after heat application.'

STEAM-BASED DEVICES
Blephasteam (Spectrum Thea Pharmaceuti-
cals, Macclesfield, UK) is an electrical device
consisting of a pair of goggles that generates a
warm, moist environment. These goggles were
found to be safe and to increase the tempera-
ture of the upper and lower eyelids in 25 nor-
mal subjects by 1.7+ 0.9°C and 2.1 + 0.7°C,
respectively.' Subsequent studies demon-
strated the safety and efficacy of Blephasteam
in patients with MGD or dry eye.'>"®

Hot Eye Mask, a disposable menthol-
containing warming device, was shown to
improve the lipid layer of the tear film in a
study with 17 MGD patients.?° It was also
found to increase tear volume and to soften
meibum, resulting in an improvement in
tear film stability, in patients with dry eye.?!

RADIANT HEAT-BASED DEVICES

The EyeGiene (Eyedetec Medical, Danville, CA,
USA) consists of a reusable eye mask that con-
tains disposable warming units that are

Figure 1. Therapeutic expression of thickened and toothpaste-like meibum in a
patient with meibomian gland dysfunction with the use of an Arita meibomian gland

compressor
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activated by squeezing and inserted into the
mask immediately before use. The mask
delivers heat at a temperature of 40°C for up
to five minutes within 30-60 seconds of activa-
tion. Heat production is based on a sustained
thermochemical reaction. A randomised, non-
controlled, three-arm study comparing a hot
towel (n = 10), the EyeGiene mask (n =12), and
Blephasteam (n = 10) in MGD patients found
that the efficacy of each treatment was similar
with regard to improvement of ocular symp-
toms and meibomian gland parameters.®> A
randomised, controlled trial of the same three
approaches in 75 patients with MGD showed
that Blephasteam was more effective than a
hot towel for MGD treatment, with the hot
towel and EyeGiene being similarly effective.®
The EyeGiene has also been compared with
the MGDRx EyeBag as described above.""'?
The safety and efficacy of Eye Hot infrared
warming goggles were examined in
37 patients with MGD.?? The goggles were
found to improve tear film stability in asso-
ciation with an increase in meibum release.

FURTHER CONSIDERATIONS

Studies have thus shown that eyelid-warming
therapies are generally safe and effective for
the treatment of MGD (Table 1). Given that
warming devices have been found to be effec-
tive in patients with or without meibomian
gland dropout,'® individuals at all stages of
MGD should be encouraged to perform and
continue eyelid warming not only for symptom
relief but also to prevent further deterioration
of their condition. Large-scale, prospective,
randomised studies comparing the effects of
different warming devices on subjective symp-
toms and objective findings in healthy control

Non-pharmaceutical treatments for MGD Arita and Fukuoka

subjects and MGD patients are now needed. In
addition, more evidence-based investigations
are necessary to provide insight into the mech-
anism of action for eyelid-warming therapy,
and the development of additional novel
eyelid-warming technologies is awaited.

Lid hygiene

Patients with MGD are often recommended
to practise lid hygiene, in combination with
heat application and eyelid massage, in the
home setting.> Both the application of a
warming compress and the practice of lid
hygiene are recommended to be performed
twice daily.? Patients should be instructed
that, after application of a hot compress,
they wash their eyelids, especially around
the cilia, with lateral movement of a finger
and with the use of lukewarm water. Lid
scrubbing and massage were thus found to
increase tear film stability in patients with
MGD.? Eyelid cleaning products such as an
eyelid cleanser®® and lid hygiene shampoo®
as well as cleaning with ofloxacin ophthal-
mic ointment?® ameliorated ocular symp-
toms and reduced ocular surface
inflammation in patients with blepharitis or
MGD. Lid hygiene shampoo?® and cleaning
with ophthalmic ointment®® also improved
tear film stability. Cleansing eye pads were
also found to improve eyelid margin status
with regard to lid margin staining,
meibomian gland expression, and
meibomian gland blockage.?” Novel prod-
ucts, devices, and techniques such as the
use of an eye brush? for the practice of lid
hygiene warrant further investigation with
regard to their efficacy given the importance
of lid hygiene and compliance with rec-

Figure 2. Thermal

pulsation system. A LipiFlow thermal
(Johnson & Johnson Vision) is applied bilaterally to a 65-year-old woman with mild
meibomian gland dysfunction.

pulsation system

© 2020 The Authors. Clinical and Experimental Optometry published by John Wiley & Sons Australia, Ltd
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ommended procedures. Given that there
appears to have been only one double-
masked, randomised, controlled trial of lid
hygiene therapy for patients with MGD,?*
more of such clinical studies are necessary
to confirm the efficacy of this frequently
administered treatment option.

Lid hygiene is also thought to be impor-
tant because of the association of Demodex
mites with MGD.?°-32 Long-term practice of
lid hygiene is necessary in individuals with
Demodex infestation as it is a chronic condi-
tion that requires chronic therapy. Demodex
folliculorum and Demodex brevis are thought
to be the most common ectoparasites in
humans. In the eye, D. folliculorum is found
preferentially in the lash follicles and
D. brevis in lash sebaceous glands.?®3 There
is a strong association between ocular
demodicosis and ocular surface inflamma-
tory conditions such as blepharitis, chalazia,
and keratitis as well as MGD.??323435 The
pathogenesis of Demodex infestation has
remained unclear;**® however, this is in
part because demodicosis has a high age-
dependent prevalence and is present fre-
quently in asymptomatic individuals.?®

Demodex mites are resistant to a wide
range of antiseptic agents, including 75%
alcohol, 10% povidone-iodine, and erythro-
mycin.3? In vivo microscopic observation for
150 minutes revealed that D. folliculorum
was killed by tea tree oil in a dose-
dependent manner.> In addition to this
action, tea tree oil has been found to mani-
fest antibacterial,*® antifungal,*’ and anti-
inflammatory* effects. Terpinen-4-ol, a ter-
pene with antimicrobial, antifungal, antiviral,
antiseptic, and acaricidal properties, is the
active ingredient of tea tree oil with regard
to the killing of Demodex mites.**** A con-
centration of tea tree oil as low as 5%
applied to the lids and base of the eyelash
follicles twice daily or as high as 50% applied
once weekly was found to attenuate
Demodex infestation.3%** However, tea tree
oil can cause dermatitis, allergy, and ocular
irritation, especially at higher
concentrations,*® and treatment to eradi-
cate  Demodex completely is often
unrealistic.

Manual expression of
meibomian glands

Physical expression of meibomian glands
for therapeutic purposes is an in-office
procedure with a history of at least
90 years.>*5%9 |t is achieved by forceful
squeezing of the eyelids either against each
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Figure 3. Intense pulsed light therapy is administered with an M22 system (Lumenis)
to a 38-year-old woman with moderate meibomian gland dysfunction

other or between a rigid object (such as a
glass rod, cotton swab, or metal paddle) on
the inner lid surface and a finger, thumb, or
other rigid object on the outer surface
(Figure 1).2 The amount of force required to
express obstructed glands can be substantial
and is usually limited by the associated
pain.*® However, in spite of the pain, several
studies have demonstrated the efficacy of
manual meibomian gland expression for the
treatment of MGD.>">2 It is recommended
that the procedure be performed once
a month until the gland dysfunction is
resolved.? Although expression of meibomian
glands appears to be safe and effective, its
evaluation by observer-masked, randomised,
controlled trials is necessary, as is the devel-
opment of new technologies that can achieve
such expression with reduced pain.

Intraductal probing

Intraductal probing of meibomian glands with
a microcannula is performed as an in-office
procedure to open gland orifices and offer
symptomatic relief to patients with obstruc-
tive MGD (Table 2).>* This procedure, con-
ducted with the aid of a slitamp microscope,
involves passing a 2-mm probe directly into
the orifice of each gland so as to allow egress
of meibum.>* Although it is relatively safe, the

Clinical and Experimental Optometry 103.6 November 2020
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procedure is invasive and can cause lid
haemorrhage, and some patients need more
than one treatment. Probing was shown to
improve the Ocular Surface Disease Index
(OSDI) score at one and six months after,
compared with before treatment in
10 patients with refractory MGD and ocular
rosacea.>® Meibomian gland lipid levels were
also found to be increased by intraductal
probing in three patients with refractory
obstructive MGD in Japan.®® A randomised,
controlled study of 25 patients with obstruc-
tive MGD showed that both signs and symp-
toms were improved one month after
probing.>” Other studies have demonstrated
the safety and efficacy of probing for patients
with obstructive MGD.>8%° Moreover, prob-
ing was associated with an increase in
meibomian gland area®' as determined by
non-invasive meibography.®?

Of note, neither subjects nor investigators
were masked to treatment allocation in the
studies of intraductal probing performed to
date (Table 2), indicating that caution should
be exercised in drawing conclusions from
their findings. The follow-up periods of the
studies were also relatively short, with the
result that data on the long-term safety and
efficacy of this invasive technique are lac-
king. In addition, in most studies, probing

was not compared with standard treat-
ments in the clinical setting such as eyelid
warming, lid hygiene, or meibomian gland
expression. Further studies without poten-
tial bias are thus necessary to confirm the
safety and efficacy of this procedure.

Thermal pulsation system

The LipiFlow Vectored Thermal Pulsation
(VTP) System (Johnson & Johnson Vision,
Jacksonville, FL, USA) is an automated ther-
modynamic device for in-office treatment of
MGD (Figure 2). The device applies direct
heat (42.5°C) to the palpebral conjunctiva of
the upper and lower eyelids directly over
the meibomian glands in order to soften
meibum, while simultaneously applying pul-
satile pressure to the outer eyelids with an
inflatable air bladder that compresses the
glands.5*®* Case studies®>%>® as well as
controlled'®®467-72 and non-controlled”>""”
trials have shown that a single 12-minute
VTP therapy can improve meibomian gland
function, ocular surface staining, and tear
film break-up time as well as relieve ocular
symptoms (Table 3). Such improvement in
meibomian gland function and dry eye
symptoms achieved with a single VTP ther-
apy session can be sustained for one to
three years.*®’#”” The improvement in
meibomian gland function induced by VTP
therapy has been evaluated on the basis of
the number of meibomian glands yielding
liquid secretion (MGYLS) in the lower
eyelid®366-70.7275-77 or the meibomian gland
secretion (MGS) score,646>68.71.73-7577 \which
represents both the number of secreting
meibomian glands and the quality of the
secreted material as determined with a
meibomian gland evaluator (MGE, Johnson &
Johnson Vision). Some prospective trials
have found that the lipid layer thickness of
the tear film as determined with a LipiView
interferometer (Johnson & Johnson Vision)
did not change significantly at an average of
52 days or greater than three months after
a single VTP therapy.®*’%7® On the other
hand, one prospective, randomised trial
demonstrated an improvement in lipid layer
thickness at six months after VTP therapy.”®
A single VTP session was shown to be at
least as effective at improving subjective
symptoms as was either application of a
warm compress daily for two weeks®* or
twice daily for three months®”-%° or oral
administration of doxycyclin twice daily for
three months.”? Prospective, randomised,
controlled studies have also found that a
single VTP therapy improved the MGS to a
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greater extent compared with a warm com-
press®+®® and was more effective at reduc-
ing the conjunctival tear evaporation rate
than was EyeGiene, Blephasteam, or a warm
towel.'® On the other hand, some prospec-
tive, controlled studies have found that a
single VTP session was equivalent in its
improvement of meibomian gland function
to twice daily administration either of a
warm compress®” or of oral doxycycline’?
for three months.

None of the studies of VTP have been
double-masked, and so the placebo effect
may have influenced any perceived improve-
ment in subjective symptoms. However, no
study has found that VTP therapy was less
effective than other treatments. VTP treat-
ment thus appears to be safe and effective,
and its principle based on warming and com-
pression of meibomian glands without pain
seems sound. Given that MGD is a chronic
disease, the long-term efficacy of VTP needs
to be evaluated further.

Intense pulsed light

Intense pulsed light (IPL) therapy is adminis-
tered during an office visit with devices such
as Lumenis OPT M22 (Lumenis, Yokneam,
Israel), E-Eye (E-Swin, Gambais, France), and
DermaMed Quadra 4 IPL (DermaMed, Lenni,
PA, USA) (Figure 3). The devices deliver high-
intensity visible light from a broad-spectrum
(wavelength of 500 to 1,200 nm), non-
coherent, polychromatic light source. Light
at these wavelengths can excite melanin
and haemoglobin in skin and thereby
induce coagulation and ablation of blood
vessels.”® IPL therapy is generally adminis-
tered for the treatment of dermatologic con-
ditions, but an early clinical study of its
application to patients with MGD indicated
that it may be beneficial for amelioration of
the signs and symptoms of this condition
(such as lid erythema and telangiectasia),
with dermatologic adverse effects being
apparent in up to 13 per cent of individ-
uals.”? More than 10 subsequent studies
have demonstrated the safety and efficacy
of IPL for the treatment of MGD
(Table 4).8-°2 A double-masked, placebo-
controlled, paired-eye study showed that IPL
can improve lipid quality and quantity in
MGD patients.2® A prospective and
randomised study found that a series of
treatment sessions including both IPL and
meibomian gland expression resulted in a
significant improvement in subjective symp-
toms and objective signs compared with
gland expression alone in patients with
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refractory MGD.*® This study evaluated
12 parameters including those related to
meibomian glands and the lipid layer of the
tear film both before treatment as well as
after each of the eight treatment sessions
and for up to 11 weeks after the final ses-
sion.® The results thus indicated that IPL
plus meibomian gland expression is a prom-
ising therapeutic approach for patients with
refractory MGD. With regard to the possible
mechanism underlying the therapeutic
action of IPL in MGD patients, the treatment
was found to significantly reduce the levels
of inflammatory markers such as
interleukin-17A and interleukin-6 in tear
fluid of such patients.®> A recent study of
IPL also showed that it changed the lipid
profile of meibum in MGD patients.*?

Among all of the studies covered in this
review (Tables 1-4), the evidence levels of
four studies®®8>8788 regarding the safety
and efficacy of IPL are among the highest.
The results of these four randomised, con-
trolled, double-masked clinical trials suggest
that IPL is a potential standard treatment
for MGD from early to refractory stages.
However, future studies are warranted to
clarify the mechanism underlying the thera-
peutic efficacy of IPL for MGD.

Conclusion

MGD is a multifactorial condition that is com-
monly encountered in eye clinics. Whereas
many patients with MGD are initially pre-
scribed conservative therapy consisting of
the application of a warm compress and the
practice of lid hygiene, a substantial propor-
tion of these individuals do not achieve a suf-
ficient improvement in their symptoms and
signs due to a lack of treatment compliance.
However, the evidence presented in this
review indicates that daily eyelid warming or
practice of lid hygiene is safe and effective
for the treatment of MGD. Clinicians should
thus encourage patients to be more vigilant
in their adherence to these approaches.
Manual techniques such as meibomian gland
expression and intraductal probing as well as
more advanced technological devices includ-
ing thermal pulsation and IPL systems have
the potential to ameliorate the signs and
symptoms of MGD, although use of the latter
systems may be cost-prohibitive. Multicentre,
randomised, controlled, non-sponsored clini-
cal trials with large numbers of patients are
needed to establish the long-term effective-
ness of such non-pharmaceutical options for
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MGD therapy. Further studies are also
needed to provide information such as the
specific indications best suited to each non-
pharmaceutical treatment modality, the effi-
cacy of such approaches in combination with
pharmaceutical-based therapy, and the
mechanisms of action of some of the more
technologically advanced systems.
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