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A B S T R A C T   

Meibomian gland dysfunction (MGD) can be considered the leading cause of dry eye disease (DED) and one of the 
most common ophthalmic disorders found in clinical practice. The growing body of literature provides a sub-
stantial amount of information on this condition, but more efforts are needed to better interpret research data 
and to properly apply them to daily clinical practice., In this article, we reviewed the most recent publications on 
MGD diagnosis and management, focusing on the highest available level of evidence, provided by well-designed 
and well-reported studies on humans., Latest evidences on MGD diagnosis are mainly focused on imaging 
techniques, including meibography, optical coherence tomography (OCT), and in vivo confocal microscopy. 
Meibographic parameters, such as drop-out and glands’ distortion, show great diagnostic accuracy, which ac-
counts for their widespread use in clinical practice and research., Recent randomized controlled clinical trials on 
MGD treatment provided data on the role of antibiotics, steroids, essential fatty acids, intraductal meibomian 
gland probing, electronic heating devices and intense pulsed light therapy.   

I. Introduction 

Even though Meibomian gland dysfunction (MGD) can be considered 
the worldwide leading cause of dry eye disease throughout the world 
[1], affecting millions of people, before the 2011 International Work-
shop on Meibomian Gland Dysfunction (IWMGD) [1] there was no 
consensus on the definition, classification, diagnosis, and treatment of 
this disease. (see Tables 1–6) 

After a comprehensive review of clinical textbooks and the scientific 
literature, the Definition and Classification Subcommittee finally stated 
that “Meibomian gland dysfunction is a chronic, diffuse abnormality of the 
meibomian glands, commonly characterized 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 inflammation, and ocular surface disease”. 

MGD presents as a heterogeneous complex condition, mainly cate-
gorized into low-delivery meibum and high-delivery meibum. Low- 
delivery states are further differentiated into hyposecretory, where 
there is a decreased delivery in absence of substantial obstruction, or 
obstructive, with cicatricial and noncicatricial subcategories. High de-
livery states, in which a large amount of meibum is released in response 

to pressure on the tarsus, are classified as primary/idiopathic or sec-
ondary to seborrheic dermatitis or acne rosacea [2]. 

In a recent article Baudouin et al. propose a double vicious patho-
physiological circle where meibomian gland alterations provide an entry 
point into both MGD and DED loops. Meibomian gland blockage, gland 
dropout and/or atrophy result in meibum stasis and microbial prolif-
eration, self-sustaining the MGD vicious circle. Tear-film instability 
associated to MGD would play as an entry point in DED vicious circle, 
leading to hyperosmolarity and inflammation, thus resulting in further 
MG keratinization and subsequently contributing to the amplification of 
both the vicious circles [3]. 

In the absence of a single gold-standard diagnostic test, clinical ex-
amination plays a key role in the diagnosis of MGD before any imaging is 
performed. Both the expressibility and the consistency of the meibum 
are altered, changing from a cloudy fluid to an opaque, thickened 
pastelike substance. Changes in lid morphology can be assessed through 
slit-lamp examination and include hyperkeratinization, thickening and 
rounding of the lid margin, telangiectasia, and increased vascularity. 
The plugging of the meibomian orifices caused by the obstruction of the 
terminal ducts and the extrusion of glands’ excreta are characteristic of 
the disease. Alterations in the location and morphology of the 
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mucocutaneous junction, such as anteroplacement, retroplacement, 
mucosal absorption, and epithelial ridging between gland orifices, can 
be observed. Cystoid dilatation of the ducts, concretions within acini and 
chalazia can finally occur [4]. 

The recent imaging revolution in the field of ocular surface is shifting 
the leading clinicians’ and researchers’ focus on meibography (widely 
used in clinical practice and as a biomarker in clinical research) and on 
potentially useful technologies such as optical coherence tomography 
(OCT) and in vivo confocal microscopy (IVCM) [5–7]. 

The growing interest in MGD is providing mounting evidence of the 
effectiveness and safety of the management of this condition. However, 
in spite of great efforts from the IWMGD to develop a therapeutic al-
gorithm [8] based on data and disease progression [8], MGD treatment 
is still inconsistent among eye care providers in different countries, and 
the most effective use of each therapeutic approach still needs to be 
assessed. 

Several factors limit the evaluation of the available literature on 
MGD. These include heterogeneous terminology, very different levels of 
evidence and quality of published studies, varied and sometimes con-
flicting diagnostic criteria, and issues related to the differentiation be-
tween MGD and DED. 

We have attempted to overcome these limitations, in order to high-
light the latest published evidences on MGD diagnosis and treatment. 

II. Selection of articles for review 

An initial scientific literature search was conducted last on April 1, 
2020 using the PubMed database.(see Table 713) 

Articles were retrieved, and the reference list of each article was 
reviewed to identify other relevant papers. A secondary literature search 
was finally conducted in the Embase database. 

Based on a priori established criteria, we screened the papers 
sequentially with the following order: titles, abstracts, and full-text. Two 
reviewers (A.D. and L.M.) independently determined the eligibility of 
each article for inclusion in the review. Only articles unanimously 
deemed as meeting the specified criteria were included. 

As far as diagnosis is concerned, the search keywords were “meibo-
mian gland dysfunction AND (diagnosis OR imaging OR evaluation OR 
meibography OR optical coherence tomography OR in vivo confocal 
microscopy OR interferometry)”. 

Search filters included a publication date between March 24, 2011 
(after the IWMGD had been accepted for publication) and April 1, 2020, 
and written in English. 

Articles were searched based on reference tests used for patient se-
lection including at least one of the requirements proposed by the 
IWMGD (pathological lid features, gland expressibility and meibum 
quality, dropout quantification by meibography). 

We included papers which used Area Under the ROC Curve, Sensi-
tivity and Specificity as parameters for diagnostic accuracy, Intraclass 
Correlation Coefficient for inter-observer reliability and Cohen’s kappa 
to evaluate agreement between different techniques. Moreover, we 
considered cross-sectional studies investigating the correlation between 
novel diagnostic tools and reference tests. 

The quality of studies concerning diagnosis was evaluated through 
the improved and redesigned version of the Quality Assessment of 
Studies of Diagnostic Accuracy included in Systematic reviews 

Table 1 
Summary of articles concerning Meibography.  

Technique Study design Purpose N◦ of patients Author Year Results 

CirrusTM HD-OCT 
4000; Carl-Zeiss 
Mediatec Inc., Dublin, 
California, USA). 

Cross-sectional study To compare standard 
meibography images with OCT 
ones 

61 MGD patients and 
75 controls 

Napoli 
et al. 
[14] 

2016 Quite complete correlation between the 
two techniques in dropout detection 
(Cohen’s kappa of 0.92). 
Substantial agreement for architectural 
features (Cohen’s kappa values for 
shortening, distortion, segmentation and 
entanglement were 0.92, 0.81, 0.71, 0.64 
and 0.76). 
Lower meiboscores associated to 
segmentation pattern, higher meiboscores to 
entanglement pattern. 

OCULUS Keratogaph 5 
(OCULUS, Wetzlar, 
Germany) 

Retrospective, cross- 
sectional, case- 
control study 

To assess the reliability of 
morphological findings and to 
correlate them with clinical tests 

100 MGD 
patients and 20 
controls 

Xiao 
et al. 
[18] 

2019 A meibograde cut-off of 1.5 yielded a sensitivity 
and specificity of 93% and 97%, respectively. 
AUC had a value of 0.98 (95% CI, 0.96–1.0). 
AUC for gland distortion was 0.96. 
Sensitivity and specificity for gland distortion 
were 93% and 97%. 
ICC for MG thickness, MG density and MG 
length was 0.65, 0.62 and 0.90. 

OCULUS Keratogaph 5 
(OCULUS, Wetzlar, 
Germany) 

Cross-sectional study To evaluate the relationship 
between MG morphology and 
clinical tests 

538 MGD 
patients and 21 
controls 

Adil 
et al. 
[17] 

2019 An average meibograde of 0.5 had a sensitivity 
and specificity of 96.7% and 85% for MGD 
diagnosis. 
AUC of a 0.5 meibograde was 0.97. 
MG thickness was directly correlated with gland 
loss and inversely correlated with tear film 
osmolarity and meibum expression. 

OCULUS Keratogaph 5 
M (OCULUS, Wetzlar, 
Germany) 

Cross-sectional study To create a comprehensive 
grading system for meibography 
images and to correlate it with 
clinical signs of MGD 

551 eyes of 277 
patients at 
baseline 

Daniel 
et al. 
[19] 

2019 Good agreement in identifying morphological 
features and MG dropout area among different 
readers. Dropout glands absent in eyes without 
orifice plugging and present in eyes with 
plugged glands. Ghost glands associated with 
eyelids with thick paste-like consistency 
expression. 
A higher composite score was found in eyes with 
more plugged glands. 

OCULUS Keratogaph 5 
M (OCULUS, Wetzlar, 
Germany) 

Cross-sectional study To evaluate clinical parameters in 
different MGD subtypes 

447 MGD 
patients and 20 
healthy 
volunteers 

Xiao 
et al. 
[24] 

2020 Clinical signs and symptoms were reported to 
be worse in low-delivery MGD subgroups 
compared to high-delivery ones. Meibography 
is essential in diagnosing non obvious MGD.  
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(QUADAS-2) tool [9]. After performing a QUADAS-2 based qualitative 
assessment, we included in our manuscript those articles having a low 
risk of bias for patient selection, index test, reference standard, flow and 
timing, and low concerns about applicability for the first three domains. 
The original QUADAS tool [10] consists of a list of 14 questions pur-
posely devised to review diagnostic accuracy, including, among others, 
the representativeness of patients, a clear description of selection 
criteria, a correct classification of patients with a reference standard test, 
no cross-interpretation between the reference standard test and the 
index test, and a detailed description of the procedures. Based on user 
experience and recent studies regarding sources of bias and variation in 
diagnostic accuracy, the QUADAS-2 tool [9] was developed in 2011 in 
order to overcome the shortcomings of the original tool. 

As far as treatment is concerned, the search keywords were: “mei-
bomian gland dysfunction AND (therapy OR treatment OR antibiotic OR 
azithromycin OR doxycycline OR steroid OR cyclosporine OR omega-3 
OR fatty acid OR probing OR heating device OR intense pulse light OR 
Electrical stimulation OR Electrotherapy OR manual gland expression 
OR LipiFlow)”.. 

Search filters included a publication date between March 24, 2011 
and April 1, 2020, written in English, and categorized as Clinical Trial. 

We screened the papers based on well-designed, randomized, 
controlled clinical trials. 

In doing so, we included papers providing the highest level of evi-
dence (Level I) according to The Canadian Task Force (CTF) on the 
Periodic Health Examination [11]. We report and briefly discuss papers 
providing a lower level of evidence, limited to those topics lacking of 
RCT. 

A. Selected articles on MGD diagnosis 

After MEDLINE search, we retrieved 409 articles for initial review. 
Reference list of each article 

was retrieved and 11 additional papers were selected. No additional 
study fulfilling our inclusion criteria was found in the Embase database. 
After screening, 346 papers were excluded because they were irrelevant 
to the scope of the review, not written in English language or because 
conducted on animals. Among the remaining 74 manuscripts 73 from 
MEDLINE, 1 from references) concerning MGs’ imaging, we excluded 45 
articles based on insufficient diagnostic accuracy outcomes, focus on 
diseases other than MGD (Sjögren syndrome, allergic conjunctivitis, etc) 
or use of subjects under 18.29 papers underwent the QUADAS-2 based 
qualitative assessment, which allowed us to include a final pool of 12 
articles on MGD diagnosis (Fig. 1). 

B. Selected randomized clinical trials for MGD 

379 articles on MGD management submitted for initial review were 
retrieved from the literature search in the Pubmed database. Reference 
list of each article was retrieved and 16 more trials were selected. No 
additional paper fulfilling our inclusion criteria was found in the Embase 

database. After screening, 352 trials were excluded since they were not 
relevant to the scope of the review, not written in English language, or 
because conducted on animals. 43 papers underwent the CTF-based 
assessment: we selected trials providing the highest level of evidence 
(Level I or Level II1 for topics lacking of Level I RCTs), exluding Level 
II1, Level II2 and Level III studies. 

28trials (25 from MEDLINE, 3 from references) were selected and 
reported in the final review (Fig. 2). 

III. Latest evidences on diagnosis 

The articles that made it to the final selection focused on imaging 
techniques such as Meibography, Optical Coherence Tomography and in 
vivo confocal microscopy, with an emphasis on the key role of 
morphological evaluation in MGD diagnosis, as shown in Fig. 2. A final 
section was dedicated to the application of Artificial Intelligence (AI) to 
MGD diagnosis. 

A. Meibography 

There are two different ways to perform a meibography: contact and 
non-contact. The former is the traditional technique started in the 
1970s. The clinician can record a meibographic image through the direct 
application of a light probe on the skin for eversion and trans-
illumination of the eyelid [12]. In spite of the reasonable success ach-
ieved by this technique, subjects often complained of discomfort due to 
heat, pressure, brightness, and sharpness of the probe [13]. 

A cross-sectional study conducted by Napoli et al. [14] compared 
standard lid transillumination meibography images with a novel 
spectral-domain optical coherence tomography (SD-OCT) non-contact 
technique, using a commercially available OCT device. Complete cor-
relation between the two techniques was observed in dropout detection 
(Cohen’s kappa was 0.92). No discrepancy appeared when using a 
meiboscore for dropout classification. After investigating for the pres-
ence of gland shortening and distortion, as previously reported by Arita 
et al. [15], new morphological features such as gland segmentation 
(when MG presented a fragmented appearance) and entanglement 
(when MG presented a knot-like appearance) were added. The com-
parison showed substantial agreement for structural features (agree-
ment for shortening, distortion, segmentation, and entanglement had a 
Cohen’s kappa values of 0.92, 0.81, 0.71, 0.64 and 0.76 respectively), 
while higher disagreement was attributed to the increased sensitivity of 
OCT to those features. Finally, lower meiboscores were associated with a 
segmentation pattern, while higher meiboscores were associated with an 
entanglement pattern. Those two morphological features could poten-
tially aid in the detection of MGD stages of evolution. 

Non-contact infrared meibography is a non-invasive imaging technique 
that allows meibomian glands visualization in less than 1 min without any 
discomfort to the patient and it’s the main non-contact meibographic 
technique [12]. Its clinical application is mainly based on the quantifica-
tion, through different scoring systems, of dark “drop-out” areas [16]. 

Table 2 
Summary of articles concerning OCT.  

Technique Study design Purpose N◦ of patients Author Year Results 

OCT-M (Heidelberg, 
EngineeringGmbH, 
Germany) 

Cross-sectional To evaluate OCT in MGD 
patients and to correlate OCT- 
M parameters with clinical 
tests 

21 patients 
with MGD and 
16 controls 

Liang 
et al. 
[26] 

2015 Reduction in mean gland width and length in 
patients with obstructive MGD. 
Increased palpebral thickness in MGD patients. 
OCT parameters correlated with TBUT, lid 
margin abnormality score, symptoms and 
corneal lesions, while MG dropout detected by 
meibography correlated only with lid margin 
abnormality score. 

Customized real-time swept- 
source OCT (Axsun, 
BILLERICA, MA) 

Cross-sectional, 
observational case 
series 

To investigate anatomic 
details of gland dropout 
detected by meibography with 
OCT system 

275 cases of 
gland drop out 

Yoo 
et al. 
[30] 

2016 Discrepancy for gland drop out between 
meibography and OCT images of 49,55%, with a 
higher percentage of disagreement in the middle 
portion of the upper eyelid.  
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1. Meiboscore 
The meiboscore was created more than 10 years ago by Arita et al. 

[16]. It assigns values between 0 and 3 for the upper and the lower 
eyelid of each eye based on a quantitative evaluation of the gland loss 
area (grade 0: area of MG loss between 0 and 25%; grade 1: area of MG 
loss between 26% and 50%; grade 2: area of MG loss between 51% and 
75%; grade 3: area of MG loss between 76% and 100%). 

Adil et al. [17], in their cross-sectional study conducted on 487 MGD 
patients and 20 healthy controls, underlined the role of non-contact 
infrared meibography in the evaluation of gland loss as a diagnostic 
parameter to differentiate between MGD patients and healthy subjects. 
Using the validated meibograde grading score previously described 
[16], it was observed that a cut-off value of average meibograde 0.5 
yielded a sensitivity and specificity of 96.7% and 85%, respectively, 
while a cut-off value of average meibograde 0.75 yielded a sensitivity 
and specificity of 87.9% and 100%, respectively. After generating a ROC 
curve, the area under the curve was calculated to be 0.97 (P < 0.001), 
indicating an excellent ability to diagnose MGD. 

In a recent retrospective, cross-sectional study, Xiao et al. [18] 
investigated the capability of non-contact infrared meibography to 
recognize MGD. They used the same validated meibograde grading score 
[16] and an optimal cut-off was achieved through a total grade of both 
upper and lower eyelids for each side. A meibograde cut-off of 1.5 
yielded a sensitivity and specificity of 93% and 97%, respectively. AUC 
had a value of 0.98 (95% CI, 0.96–1.0). Fig. 3 highlights the differences 
in eyelids between a normal subject and an MGD patient. 

Other important meibographic features include meibomian gland 
thickness, density, length, distortion, and interglandular space [19], as 
shown in Fig. 4. 

2. MG thickness 
While investigating the connection between MG morphology and 

common clinical parameters, Adil et al. [17] found a significant corre-
lation between MG thickness and gland loss. MG thickness was also 
inversely correlated with tear film osmolarity and meibum expression. 
MG increased thickness could be a compensatory response to gland loss 
and increased meibum demand. Dilation of secretory acini could be part 
of the same process, as reported in previous studies [20,21]. This 

abnormal increase of lipid secretion could exhaust the production ca-
pacity over time, consistent with the evidence of an MG worsened 
expressibility with higher meibogrades. The correlation between MG 
thickness and tear film osmolarity may also take part in the compen-
satory response previously proposed by Arita et al. [22], where the 
functional increase in MG thickness would help in preventing elevated 
osmolarity levels. 

In their study, Xiao et al. [18] found a weak correlation between MG 
thickness, as well as morphological findings (MG length and density), 
and meibum expressibility score, based on the ability of central lower lid 
glands to express meibum, and no correlation at all with the quality of 
expressed meibum, rated on a three-point scale from clear fluid to 
cloudy appearance. Morphological features showed moderate to strong 
inter-observer reliability (Intraclass Correlation Coefficient for MG 
thickness, MG density, and MG length was 0.65, 0.62 and 0.90, 
respectively). 

3. MG distortion 
Xiao et al. [18] investigated the diagnostic ability of meibographic 

morphological findings as new diagnostic tools, and found that the area 
under the receiver operating characteristic (ROC) curve for gland 
distortion was 0.96, similarly to the one for gland loss with meibograde 
(0.98). Taking a cutoff value of six distorted glands, sensitivity and 
specificity for MGD diagnosis was 93% and 97%, respectively. The au-
thors concluded that the morphological visualization of distorted glands 
and drop-out quantification with meibograde might play a comple-
mentary role for MGD diagnosis. 

4. Composite morphology severity score 
In spite of the variety of scoring scales used to evaluate MG dropout 

and the correlation with clinical parameters, there is not a standardized 
grading system to evaluate morphological features of meibomian glands 
based on non-contact infrared meibography images. The Dry Eye 
Assessment and Management (DREAM) Study [23] was a randomized 
clinical trial intended to evaluate the daily supplementation of omega-3 
fatty acid to treat moderate and severe Dry Eye Disease. In order to 
create a universal and comprehensive grading system for the study, 
morphological features of the MGs such as distorted, tortuous, hooked, 

Table 3 
Summary of articles concerning in vivo confocal microscopy.  

Technique Study design Purpose N◦ of patients Author Year Results 

IVCM (Heidelberg Retinal 
Tomograph 3 Rostock Cornea 
Module, Heidelberg 
Engineering GmbH, 
Heidelberg, Germany) 

Retrospective, cross- 
sectional, 
observational, 
controlled study 

To investigate the clinical 
importance and reliability of 
immune cells quantitative 
visualization with IVCM 

16 MGD patients 
and 13 controls 

Qazi et al. 
[32] 

2018 Epithelial and intraglandular ICs 
showed a AUC value to detect 
inflammation of 0.97 and 0.89. 
Epithelial and intraglandular ICs were 
directly correlated with OSDI and 
TBUT. 
Sensitivity and specificity for 
epithelial ICs and intraglandular ICs 
were 0.94 and 0.92 and 1.00 and 0.78, 
respectively. 
ICC values for epithelial and 
intraglandular ICs were 0.97 and 0.93. 

IVCM * Prospective single- 
center study 

To create a new classification 
based on confocal microscopy 
findings and correlate it with 
clinical tests 

100 eyes of 100 
MGD patients 
and 15 eyes of 
controls 

Randon 
et al. [35] 

2018 IVCM score strongly correlated with 
meibography score, meibum 
expression score, tear osmolarity, 
TFBUT, Oxford score and Schirmer 
test. 
OSDI score was significantly higher 
only in Type 2 

IVCM * and Leica SP8 confocal 
microscope (Leica 
Microsystems, Buffalo Grove, 
IL, USA 

Cross-sectional study To compare IVCM findings 
and fluorescent confocal 
microscopy 

30 subjects Zhou 
et al. [36] 

2018 Structures previously identified as 
MGs may be rete ridges in the dermal- 
epidermal junction. 
Displacement of the mucocutaneous 
junction based on rete ridges 
morphology found to correlate with 
altered tear film dynamics. 

*(Heidelberg Retinal Tomograph II-Rostock Cornea Module, Heidelberg Engineering GmbH, Dossenheim, Germany)  
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dropout, shortened, thickened, thinned, overlapping, +, tadpoling, 
abnormal gap, fluffy area, and no lid margin were described in the 
protocol [19]. A composite severity score value for each feature was 
created, and used to evaluate the correlation with signs and symptoms of 
dry eye disease. A good agreement in identifying morphological features 
as well as MG dropout area among different readers was achieved. 
Poorer agreements were found for thickened, thinned, and dropped out 
glands (ICC between readers was 0.32, 0.22, 0.40 respectively), under-
lying the lack of a standard definition for morphological features. 
Inter-reader reliability in counting the number of glands was excellent 
(ICC between readers was 0.89). A previous study found a better 
reproducibility for the upper lid than for the lower lid. 

Moreover, the study revealed more difficulties in everting the upper 
lid (13% of the upper lids and 3% of lower ones were not everted) as well 
as the more common presence of MG abnormal morphological features 
in the upper lid, except for dropout glands. 

When comparing clinical and morphological features, dropout 
glands were found to be absent in eyes without orifice plugging, while 
they were present in eyes with plugged glands. A higher composite score 
in eyes with more plugged glands was also reported. A larger number of 
ghost glands, identified as pale structures in the absence of normal MGs 
architecture, was associated with eyelids with a thick pastelike consis-
tency expression [19]. Ghost glands may represent a pathological step of 
MGD of glands progressing towards atrophy [19]. 

In a recent cross-sectional study performed by Xiao et al. [24], the 
authors, after the formulation of a novel classification based on meibum 
quality, meibum expression, and meibography, investigated how clin-
ical ocular surface parameters varied among the four subgroups. 254 
patients had obstructive MGD (poor meibum expression and altered 
meibum quality), 66 eyes had hyposecretory (poor meibum secretion 
and normal meibum quality) MGD, 78 subjects had hypersecretory MGD 
(high meibum secretion and meibograde ≤2) and 49 eyes had undefined 
MGD (high meibum secretion and meibograde >2). Clinical signs and 
symptoms were reported to be worse in low-delivery MGD subgroups 
compared to the high-delivery ones. Interestingly, authors reported 
meibography to be essential in diagnosing non obvious MGD, in which 
excessive MG loss associated with high meibum delivery can’t be 
assessed using conventional clinical exams. 

B. OCT 

For years meibography was the only technique available to analyse 
meibomian gland morphology. Even though the anatomical structure of 
the meibomian glands can be evaluated with meibography, the two- 
dimensional image does not allow depth information or a detailed 
anatomical structure of acini and ducts. Meibography may also suffer 
from reproducibility and accuracy issues such as, for example 

inadequate lids’ eversion, areas of light reflection, conjunctival loose 
folds covering MG area, or differences in focus and clarity of the images 
[19]. Furthermore, it remains unclear if the areas visualized by mei-
bography and identified as gland dropout really represent glandular 
tissue disappearance or whether they become indistinct from the near 
tarsal tissue. 

In order to solve those issues, Hwang et al. [25] developed a 
customized high-speed Fourier-Domain OCT (FD-OCT) to reconstruct a 
three-dimensional image of the meibomian glands and performed an 
infrared meibography for comparison. This was made possible because 
of two major features of this imaging system. First, it is a high-speed 
OCT, since it is based on a high-speed wavelength swept laser. Sec-
ond, having a spectral bandwidth of 100 nm at the 1310 nm center 
wavelength, penetration into tissues is deeper, providing good images of 
MGs under the conjunctiva. The most appropriate wavelength having 
minimum scattering at the conjunctiva remains to be determined. 
Providing a better image resolution, this imaging technique could play a 
major role in future research on MGD. 

Liang et al. [26] used a commercial OCT device to evaluate 
morphological parameters such as MG length, width and palpebral 
thickness, and to determine a correlation with clinical tests. They found 
a significant reduction in mean gland width and length in patients with 
obstructive MGD compared with the control group, apparently corre-
sponding to the gland dropout observed on meibography. 

No significant difference was seen in the number and diameter of MG 
orifices, and these results could confirm a previous histological study 
showing an age-dependent primary atrophic process or an obstruction 
associated with MG resulting in the decreased gland secretion. 

They also found an increased palpebral thickness in MGD patients, as 
in those subjects alterations of the glands may be associated with struc-
tural changes of the conjunctiva. This is consistent with previous findings 
showing conjunctival squamous metaplasia and enlarged epithelial cells 
detected with in vivo confocal microscopy in dry eye disease [27], an 
increased conjunctival epithelium proliferation rate found in conjunc-
tival biopsies [28], and with the inflammatory milieu resulting in gland 
dropout found in conjunctival tissues in MGD patients [29]. 

OCT overcomes the difficulties of meibography by providing a direct 
quantification of anatomical or volumetric changes of meibomian 
glands changes obtaining simple parameters such as the width and the 
length of MG [26]. 

Interestingly, OCT parameters correlated with clinical features of 
MGD, including Tear Break Up Time (TBUT), lid margin abnormality 
score, symptoms and corneal lesions, while MG dropout detected by 
meibography correlated only with the lid margin abnormality score 
[26]. 

Correlations were better in the distal part of the glands, while no 
differences were found between MGD patients and normal subjects in 

Table 4 
Summary of articles concerning artificial intelligence.  

Technique Study design Purpose N◦ of patients Author Year Results 

Deep learning approach for 
MG atrophy evaluation 
in meibography images 

Retrospective 
study 

To develop and validate a deep 
learning approach for MG 
atrophy evaluation in 
meibography images 

706 meibography images Wang et al. 
[37] 

2019 Accuracy: 97.6% and 95.5% for 
eyelid and atrophy. 
Overall mean intersection over 
union: 95.5% and 66.7%. 
Meiboscore grading accuracy on 
average: 95.6%, outperforming 
the lead clinical investigator by 
16%. 

Deep learning method for 
detecting obstructive 
MGD with IVCM 

Retrospective 
study 

To assess the diagnostic value of 
deep learning models 

137 images from patients 
with MGD and 84 images 
from individuals with notmal 
MG 

Maruoka 
et al. [38] 

2020 DenseNet-201: 
AUC, sensitivity and specificity: 
0.966%, 94.2%, and 82.1%, 
respectively. 
Ensemble model: 
AUC, sensitivity and specificity: 
0.981%, 92.1%, and 98.8%, 
respectively  
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the proximal part, next to the fornix, a phenomenon apparently 
explained by the lower number of glands in both groups in this specific 
area. 

While MG dropout is reported to represent the final stage of the 
pathological pathway of MGD, several anatomical changes not associ-
ated with gland dropout may better correlate with clinical features and 
help perform a more refined evaluation. OCT structural meibomian 
gland alterations combined with ocular surface tests may provide a 
useful tool to evaluate and gradethe disease. 

In a recent cross-sectional, observational study by Yoo et al. [30], 
gland dropout detected by meibography was compared with images 
obtained with the OCT system. The authors hypothesized that details of 
gland dropout could differ from those obtained with finer imaging sys-
tems. OCT images guarantees anatomic details, such as the presence of 
constricted ducts and acini, atrophic acini or the absence of acini or 
ducts. The study found a discrepancy for gland drop out between mei-
bography and OCT images of 49.55%. They also found a higher per-
centage of disagreement in the middle portion of the upper eyelid, 
probably because of the more uniform palpebral thickness in the middle 
area compared to the nasal or lateral ones. 

With OCT imaging Yoo et al. [30] obtained more detailed informa-
tion about the anatomical structure of meibomian glands previously 
evaluated solely with meibography whose results have to be carefully 
interpreted. It was also stated that in the future a more appropriate 
treatment may be adopted based on OCT anatomic features like the 
status of the acini: their absence would require lipid-containing eye 
drops or ointment, while their progressive loss on obstructive MGD 
would require meibum secretion improving therapies. 

OCT has undoubtedly increased the amount of information available 
for both the research and the clinical fields, even if with this novel 
technology it is often not possible to obtain the whole gland area with a 
single scan, thus increasing the time for the examination. Also, the 
irregular surface of the lower eyelid can degrade the quality of the 
image, causing issues in the distinction between acini and glandular 

ducts. Even if three dimensional reconstructions are available, process-
ing softwares require a few seconds to elaborate the image, and suffers 
from both eyelid fine movements and subtle motion such as breath or 
heartbeat, increasing the acquisition artefacts. 

C. IVCM 

In vivo confocal microscopy (IVCM) is another emerging non- 
invasive imaging technique that provides a considerable degree of 
structural and functional details in the examination and diagnosis of 
many ocular diseases. 

The confocal microscope allows imaging tissues with cellular reso-
lution while performing a real-time evaluation of the ocular surface 
morpho-functional unit. MGD is emerging as a complex, still not 
completely understood, heterogenous condition in which different 
pathophysiological mechanisms like eyelid inflammation, conjunctival 
inflammation, corneal damage, microbiological changes, and tear film 
instability contribute to the diffuse abnormality of the meibomian 
glands [31]. A technique with a histology-like resolution could therefore 
yield essential information for a much more accurate evaluation of the 
involved processes (Fig. 5). 

The importance of objective cellular metrics becomes especially 
relevant for the 40% portion of asymptomatic patients with MGD [32]. 

Confocal microscopy parameters like meibomian gland acinar di-
ameters, inflammatory cell density, and gland acinar unity density are 
known to show great sensitivity and specificity for MGD diagnosis, and 
to significantly correlate with tear functions, ocular surface staining, MG 
expressibility, and MG dropout grades [33]. 

The role of inflammation in MGD is becoming of great concern for 
the pathology of the disease. 

Villani et al. [34] first described with IVCM a minor role of the 
obstructive pathogenic mechanism and a major one of confocal signs of 
inflammation, described as the inhomogeneous appearance of the per-
iglandular interstice in patients with Sjogren syndrome. Similarly, this 

Table 5 
Summary of randomized clinical trials concerning tetracyclines in MGD.  

Treatment Trial design Methods Number of 
participants 

Author Year Results 

Oral minocycline Prospective, 
randomized 
clinical trial 

Group 1: 50 mg minocycline 
orally twice a day and artificial 
tears 4 times a day for 2 
months. 
Group 2: artificial tears 4 times 
a day for 2 months 

60 eyes of 60 
patients with stage 
3 or 4 
MGD  

Lee et al. 
[47] 

2012 SIGNS 
Group 1 showed a more significant improvement in 
TBUT, corneal stain score, lid margin abnormality 
and meibum quality. 
BIOMARKERS 
A significant reduction in IL-6, IL-1 β, IL-17 α, TNF- 
α, and IL-12p70 after 2 months of treatment was 
demonstrated in group 1. 
SAFETY PROFILE 
After one month of treatment 2 patients 
discontinued minocycline because of 
gastrointestinal adverse events (not included in the 
analysis). 

Doxycycline 
capsule vs 
azithromycin 
drop 

Prospective, 
randomized 
clinical trial 

Group 1: topical azithromycin 
1% twice daily for one week 
and then once daily for two 
weeks 
Group 2: oral doxycycline 100 
mg daily for 3 weeks. 
Both groups: warm eyelid 
compress and massage 

50 patients with 
moderate posterior 
blepharitis 

Zandian 
et al. [48] 

2015 SIGNS 
Clinical signs significantly improved in both groups. 
Topical azithromycin was found to be more effective 
in reduction of eye 
Redness. Oral doxycycline, instead, provides better 
results in improving corneal staining, and frequency 
of meibomian glands plugging. 
SYMPTOMS 
Symptoms including itching, irritation, lacrimation 
and the frequency of foreign body sensation 
significantly improved during the treatment time 
with no significant differences between the two 
groups. 
SAFETY PROFILE 
No side effects in group 1. 
6 (31.5%) patients in group 2 complained of nausea 
and 2 (10.5%) patients reoported vomiting and 
diarrhea.  

E. Villani et al.                                                                                                                                                                                                                                  



The Ocular Surface 18 (2020) 871–892

877

feature was found in MGD patients without Sjogren, where signs of 
obstruction appeared together with the inflammatory pattern. 

In order to highlight the key role of inflammation in MGD pathogen-
esis, a retrospective, cross-sectional, observational, controlled study was 
recently conducted by Qazi et al. [32] to investigate the clinical impor-
tance and reliability of immune cells quantitative visualization with 
IVCM. Immune cells were identified as hyperreflective, polymorphous 
structures ranging in size from 5 to 20 μm around and within the epithe-
lium, the substantia propria, and the glandular ductule. Epithelial and 
intraglandular inflammatory cells (ICs) showed great potential for the 
detection of palpebral conjunctival and glandular inflammation, and a 
strong ROC-based accuracy values (AUC was 0.97 and 0.89, respectively). 
However the data require further investigation to confirm the results, 
given the small sample size of the study. Both epithelial and intra-
glandular ICs exhibited significant direct correlation with OSDI and 
TBUT, but no correlation with corneal fluorescein staining, thus indi-
cating that IVCM may help in those symptomatic MGD patients with an 
incongruent corneal slit-lamp examination, where the absence of corneal 
staining does not rule out palpebral inflammation. Since epithelial and 
intraglandular cells correlate with clinical endpoint of symptoms (OSDI) 
and signs (TBUT), and inflammatory stress is a fundamental step in the 
MGD vicious circle [3], the study reports them as strong surrogate bio-
markers of inflammation. Finally, the study showed high sensitivity and 
specificity for both epithelial ICs (0.94 and 0.92 respectively, with a 
cut-off of_≥195.8 cells/mm2) and for intraglandular ICs (1.00 and 0.78 
respectively, with a cut-off of ≥21.2%, since this feature is measured as 

mean luminal area percentage occlusion by inflammatory cells), and a 
strong reproducibility (ICC values for epithelial and intraglandular ICs 
among observers were 0.97 and 0.93 respectively). 

A prospective study from Randon et al. [35] tried to create a new 
classification for MGD patients based on confocal microscopy findings. 
They adapted Villani’s classification [34] and determined four different 
MG types combining the grade of meibum reflectivity, intra-
epithelial/intraglandular inflammation, and glandular fibrosis: Type 
0 represents a normal MG, Type 1 is the group with obstructed MG 
where heterogeneous meibum reflectivity was present in the absence of 
fibrosis or inflammation, Type 2 presents with inflammation of MG in 
the absence of fibrosis, and Type 3 shows MG fibrosis with and without 
meibum heterogeneity and fibrosis. This classification is a 
semi-quantified score that could be easily used by clinicians and does 
not require a post-exam software analysis for IVCM features. The IVCM 
score strongly correlated with meibography score, meibum expression 
score, tear osmolarity, TFBUT, Oxford score, and Schirmer test, indi-
cating that all types of MGs result in ocular surface impairment. This 
classification may be helpful in differentiating all those MGD patients 
considered before as a single entity by meibography, a technique that 
can only evaluate the presence or absence of the gland as the final result 
of severe fibrosis. Interestingly, despite all clinical tests not differing 
among the MG types, the OSDI score was significantly higher only in 
Type 2, and thus the inflammatory milieu may be associated with more 
severe symptoms and recognized exclusively with the aid of a micro-
scope. This classification may also create a customized treatment for 

Table 6 
Summary of randomized clinical trials concerning macrolides in MGD.  

Treatment Trial design Methods Number of participants Author Year Results 

Topical 
azithromycin 
vs 
oral 
doxycycline 

Prospective, 
randomized, 
single-masked 
study 

Group 1: azithromycin 1.5% eye 
drops twice daily for 2 days then 
once daily for 4 weeks. Group 2: oral 
doxycycline 100 mg twice daily for 
4 weeks. 

169 patients with 
moderate to severe 
MGD. 
Group 1: 85 patients. 
Group 2: 84 patients. 

Satitpitakul 
et al. [53] 

2019 SIGNS 
Significant improvement in meibum 
quality, meibum expression, TBUT, ocular 
surface staining in both groups. 
No statistically significant difference 
between the groups. 
SYMPTOMS 
Significant improvement in symptoms in 
both groups, with no statistically significant 
differences between them. 
SAFETY PROFILE 
5 (5.88%) patients in group 1 stopped 
medication because of eye irritation (3 
cases, 3.53%) and blurred vision (2 cases, 
2.35%). 
4 (4.76%) patients in group 2 stopped 
doxycycline because of gastrointestinal 
disturbance (2 cases, 2.38%), dizziness (1 
case, 1.19%), and skin rash (1 case, 1.19%). 

Oral 
azithromycin 
vs 
oral 
doxycycline 

Randomized 
double-masked 
open label clinical 
trial 

Group 1: 
5-day azithromycin (500 mg on day 
1 and then 250 mg/day). 
Group 2: 
1-month doxycycline (200 mg/day) 

110 patients who had 
not responded to prior 
conservative 
management. 
Group 1: 55 patients. 
Group 2: 55 patients. 

Kashkouli 
et al. [54] 

2014 SIGNS 
Significant improvement of signs in both 
groups, with no significant difference 
between them, except for bulbar 
conjunctival redness and ocular surface 
staining, which were significantly better in 
the azithromycin group. 
SYMPTOMS 
Significant improvement in symptoms in 
both groups, with no statistically significant 
differences between them. 
SAFETY PROFILE 
Nausea, abdominal cramp, diarrhea and 
decreased appetite were reported in both 
groups. 
Frequencies were not significantly different 
except for the second follow-up visit, when 
there were significantly more adverse 
events in group 2 (13, 26%) than in group 2 
(2, 
4%). 
None of the partecipats discontinued the 
therapy.  
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every MGD patient, where in Type 1 patient therapies may address the 
resolution of MGs obstruction, for Type 2 antibiotics or steroids to target 
inflammation and in Type 3 lacrimal substitutes should be chosen. The 

design limitations of this study will require a prospective overview to 
clarify if the three types of MG evolve into one another and if customized 
therapy would have an impact to this progression. 

Table 7 
Summary of randomized clinical trials concerning steroids and cyclosporine in MGD.  

Treatment Trial design Methods Number of 
participants 

Author Year Results 

Topical 
loteprednol 
etabonate 

Randomized 
controlled trial 

Group I: topical loteprednol etabonate 4 
times a day following eyelid scrubs with 
warm compresses 2 times a day for 2 
months. 
Group II: eyelid scrubs with warm 
compresses 2 times a day for 2 months. 

70 partecipants 
with moderate and 
severe MGD. 
Group I: 34 eyes. 
Gourp II: 36 eyes. 

Lee et al. [55] 2014 SIGNS 
Improved TBUT, corneal and 
conjunctival fluorescein staining, lid 
margin abnormality, meibum quality, 
expressibility, and MGD stage in 
Group 1. 
SYMPTOMS 
Improved ocular irritation symptoms 
in Group 1. 
BIOMARKERS 
Significant reduction of 
concentration of tear IL-6, IL-8, and 
MCP-1 in the treatment group. 

CsA Prospective, 
randomized, double- 
masked, parallel- 
group clinical trial 

Group A: 0.05% CsA ophthalmic 
emulsion. 
Group B: carboxymethylcellulose sodium 
eye drops 

70 patients with 
symptomatic 
MGD and TBUT 
<8 s. 
Group A: 36 eyes. 
Gourp B 34 eyes. 

Prabhasawat 
et al. [58] 

2012 SIGNS 
Mean FBUT, NIBUT, lid margin 
inflammation, MG expressibility 
significantly improve from baseline 
in Group A. 
SYMPTOMS 
Mean OSDI score significantly 
ameliorate from baseline in Group A.  

Table 8 
Summary of randomized clinical trials concerning essential fatty acids in MGD.  

Treatment Trial design Methods Number of 
participants 

Author Year Results 

Oral supplementation 
with omega-3 fatty 
acids 

Randomized, double- 
masked study/trial 

Group A: placebo oral 
supplement, neutral 
baby shampoo and of 
artificial tears. 
Group B: oral omega-3 
fatty acids, neutral baby 
shampoo and of artificial 
tears 

64 patients with 
symptomatic MGD 
and no tear 
instability. 
Group A: 31 eyes. 
Gourp B 33 eyes. 

Oleñik et al. [61] 2013 SIGNS 
Significant improvement in mean 
TBUT, lid margin inflammation, MG 
expression and Schirmer test in 
group B. 
SYMPTOMS 
Significant improvement in mean 
OSDI score in group B. 

Re-esterified omega-3 
fatty acids 

Multicenter, prospective, 
randomized, 
interventional, placebo- 
controlled, double- 
masked study 

Group 1: 1680 mg of 
EPA/560 mg of DHA for 
12 weeks. 
Group 2: 
3136 mg linoleic acid 
safflower oil 

105 patients with 
MGD stage 1 or 2. 
Group 1: 54 subjects. 
Gourp 2: 51 subjects. 

Epitropoulos et al. 
[62] 

2016 SIGNS 
Significant improvement in TBUT in 
omega-3 group. 
SYMPTOMS 
Significant improvement in OSDI 
score in omega-3 group. 
BIOMARKERS 
Significant improvement in tear 
osmolarity, omega-3 index levels, 
and MMP-9 in omega-3 group. 

Combination of Lid 
Wipes, Eye Drops, 
and Omega-3 
Supplements 

Single-center, open-label, 
investigator-masked, 
randomized study 

Group 1: lipid emulsion 
eye drops, omega-3 
supplements, and lid 
hygiene with eyelid 
wipes. Group 2: 
warm, wet compresses 
once daily, 8 min per day 
for 3 
months 

26 patients with 
lipid-deficient/ 
evaporative dry eye 
disease (13 per 
group). 

Korb et al. [63] 2015 SIGNS 
Number of MGYLS increased 
significantly in the combination 
treatment group. 
SYMPTOMS 
SPEED and OSDI scores, 
significantly improved in both 
groups and no statistically 
significant differences between 
groups were reported. 

Omega-3 fatty acids in 
rosacea-associated 
MGD 

Prospective, 
interventional, 
randomized, double- 
masked, placebo- 
controlled, multi-centric 
study 

Treatment group: 
omega-3 fatty acids 
twice daily for 6 months. 
Placebo group: or olive 
oil capsules twice daily 
for 6 months 

130 rosacea patients 
with DED symptoms 
(65 per group). 
80% of them had 
MGD. 

Bhargava et al. [65] 2016 SIGNS 
Significant improvements in 
Meibomian Gland Score in the only 
treatment group at 3 months and 6 
months. 

n− 3 fatty acids in 
moderate-to-severe 
DED patients 

Randomized, double- 
masked, placebo- 
controlled, multicenter 
clinical trial 

Active supplement 
group: daily oral dose of 
3000 mg of fish-derived 
n− 3 EPA and DHA 
Placebo group: refined 
olive oil placebo 

535 moderate-to- 
severe DED patients. 
Active supplement 
group: 349 patients. 
Placebo group: 186 
patients. 

The Dry Eye 
Assessment and 
Management Study 
Research Group [23] 

2018 Results from the MGD subgroup 
analysis concerning mean change in 
symptoms score revealed a 
difference between the active 
supplement group and the placebo 
group that was not significant.  
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In a recent cross-sectional study by Zhou [36], widefield in vivo mi-
croscopy and laser scanning confocal microscopy (LSCM) were used to 
characterize the location of meibomian glands at the eyelid margin. 
Structures visualized with IVCM were then compared with those stained 
with different reagents in cadaver eyelids and observed by fluorescent 
confocal microscopy. The localization of Red Nile (used to label nuclei) 
and MUC1 (a membrane-associated glycoprotein expressed in mucosal 
epithelium such as meibomian gland’s one) did not correlate with 
structures found with IVCM. Red Nile was not detected within the cir-
cular structure reported as MGs, and MUC1 staining was not present in 
the area where those structures were observed with IVCM. These results 
may buck the trend of almost all studies using confocal microscopy 
technique. Laminin-5, a component of the anchoring complex which 
links intracellular cytoskeletal keratins in keratinocytes and connective 
tissue proteins of the dermis, was then found between the hyper- and 
hypo-reflective areas seen with IVCM, supporting the idea that struc-
tures previously identified as MGs are actually rete ridges in the 
dermal-epidermal junction. In this study, they also noted a displacement 
of the mucocutaneous junction based on rete ridges morphology found 
with IVCM. This shift has been found to correlate with altered tear film 
dynamics, making this feature useful for monitoring changes in the 
palpebral surface in MG dysfunction. In order to confirm these findings, 
more studies are required. 

IVCM has a number of limitations: acquisition times can be long, it 
requires tiling in order to cover the entire glandular area and the 

analysis is based only on reflectivity and morphology. However, it re-
mains a very promising technique, able to display not only the cyto-
morphological detail but a correct structural reconstruction of the 
glands. 

E. Artificial intelligence 

Deep learning represents a subset of machine learning and artificial 
intelligence. After a rapid growth in the last few years, this technology is 
now able to provide great support for experts in many medical fields, 
particularly in imaging. Some authors have made an attempt to take 
advantage of deep neural networks by developing and validating auto-
mated systems for the diagnosis of MGD. 

Wang et al. [37] collected a total of 706 meibography images with 
clinician-verified notes regarding eyelid and atrophy regions. The 
dataset was randomly allocated into development and evaluation 
sub-datasets. The former was essential for the development of an algo-
rithm, the latter to verify the performance of the model. Accuracy results 
were 97.6% and 95.5% for eyelid and atrophy, respectively, while the 
overall mean intersection over union were 95.5% and 66.7%. The 
meiboscore grading accuracy on average was reported to be 95.6%, 
outperforming the leading clinical investigator by 16%. Therefore, this 
deep learning approach for gland atrophy evaluation in meibography 
images demonstrated good accuracy and repeatability, low variability, 
and significantly outperformed human clinicians (Fig. 6). 

Table 9 
Summary of randomized clinical trials concerning diquafosol in MGD.  

Treatment Trial design Methods Number of 
participants 

Author Year Results 

Diquafosol Single-center, 
prospective, 
randomized, masked 
trial 

Test eye: a drop of 
diquafosol; control eye: a 
drop of artificial tear 

47 patients 
with MGD 

Fukuoka 
et al. [67] 

2019 SIGNS 
A single drop of diquafosol significantly increased NIBUT for 
at least 90 min. 
BIOMARKERS 
A single drop of diquafosol significantly increased LLT for 60 
min after instillation and significantly improved the tear 
interferometric pattern compared with artificial tear.  

Table 10 
Summary of randomized clinical trials concerning probing in MGD.  

Treatment Trial design Methods Number of 
participants 

Author Year Results 

Intraductal meibomian 
gland probing with 
0.1% fluorometholone 

Randomized 
study 

Group 1: intraductal meibomian gland 
probing with 0.1% fluorometholone. 
Group 2: 
0.1% fluorometholone only. 

49 Ma et al. 
[69] 

2016 SIGNS 
Meibum grade, TBUT, lid margin 
abnormalities, and fluorescein staining had 
a significant improvement in both groups. 
Group I had better improvement in 
meibum grade, lid margin abnormalities, 
and TBUT. 
SYMPTOMS 
Symptoms had a significant improvement 
in both groups. At 1 week and 1 month, 
symptom score in group 1 was significantly 
lower than in group 
2. 

Probing combined with 
intense pulsed light 
refractory MGD 

Randomized 
controlled 
assessor blind 
study 

Group I: 
IPL treatment course (3 times at 3-week 
intervals). Group II: meibomian gland 
probing treatment course (once). Group III: 
probing treatment and IPL 3 times at 3- 
week intervals. 

45 Huang 
et al. 
[70] 

2019 SIGNS 
TBUT, meibum grade, and lid 
telangiectasia were better in MGP-IPL than 
IPL and MGP groups. 
SYMPTOMS 
SPEED score was better in Group 1 than 
Group 2 and 3. 
NEED OF RETREATMENT 
In group I (IPL treatment), 35.7% of 
partecipants needed another treatment. 
In group II (probing treatment), 20% of 
patients needed a retreatment. 
In group III (probing combined with IPL), 
no patient had the need to be retreated.  
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Maruoka et al. [38] tried to assess the value of deep learning models 
to diagnose obstructive MGD by using in vivo confocal microscopy im-
ages. 137 images of patients with obstructive MGD and 84 images of 
normal individuals were extracted from a database. Nine types of 
network structures were trained and created. The model with the single 
highest AUC was the DenseNet-201: AUC, sensitivity and specificity 
were 0.966%, 94.2%, and 82.1%, respectively. The ensemble model 
combining VGG16, DenseNet-169, DenseNet-201 and InceptionV3 was 

found to have the highest AUC, sensitivity, and specificity (0.981%, 
92.1%, and 98.8%, respectively). 

In their study the authors describe single and ensemble deep learning 
models with IVCM images showing great accuracy in diagnosing 
obstructive MGD. 

Table 11 
Summary of randomized clinical trials concerning eyelid-warming therapies in MGD.  

Treatment Trial design Methods Number of participants Author Year Results 

Warm towel vs 
EyeGiene 
vs Blephasteam 

Assessor-blinded, 
randomized, controlled 
trial 

Group 1: warm towel (n = 25), 
EyeGiene (n = 25) and 
Blephasteam 
(n = 25) 3-months treatments. 

75 MGD patients (25 
per group) 

Sim et al. 
[72] 

2014 SIGNS 
No significant changes in TBUT, 
Schirmer test and number of visibly 
occluded MGs were reported in the 
study period. 
SYMPTOMS 
Improvement in symptoms in 78.3% of 
patients treated with Blephasteam vs 
45.5% of patients treated with warm 
towel. 
No significant difference between 
EyeGiene and warm towel. 

MGDRx EyeBag Randomized, single 
masked, contralateral 
clinical trial 

Test eyes: heated 
MGDRx EyeBag; control eyes: 
non-heated device twice 
a day for 2 weeks. 

25 patients with MGD- 
related DED. 

Bilkhu 
et al. [73] 

2014 SIGNS 
Statistically significant improvements in 
NIBUT, meibum quality and 
expressibility in the test eye. 
SYMPTOMS 
Statistically significant improvements in 
OSDI score in the test eye. 
BIOMARKERS 
Statistically significant improvements in 
MG dropout, tear film osmolarity, lipid 
layer thickness and tear film meniscus 
height in the test eye. 

Single LipiFlow 
treatment 

Prospective, 
randomized, crossover, 
observer-masked 
clinical trial 

Group 1: 
single 12-min LipiFlow- treatment 
Group 2: twice-daily lid warming 
and massage for 3 months 

31 MGD patients. 
Group 1: 17 
partecipants. 
Group 2: 14 
partecipants. 

Finis 
et al. [74] 

2014 SIGNS 
Significant amelioration in expressible 
meibomian glands in both groups, but 
no significant difference between the 
two groups. 
SYMPTOMS 
Significant improvement in OSDI in 
group 1 vs groups 2. 

Single vectored 
thermal pulsation 
treatment 

Prospective, 
multicenter, open-label 
clinical trial 

Treatment group: single vectored 
thermal pulsation treatment. 
Control group: warm compresses 
and eyelid hygiene (twice daily 
for 3 months) 

200 patients (101 
patients) with MGD 
and evaporative DED. 
Treatment group: 101 
subjects. 
Control group: 99 
subjects. 

Blackie 
et al. [75] 

2016 SIGNS 
At 3-month evaluation, the treatment 
group had significant greater mean 
improvement in MGS. 
A sustained mean improvement was 
recorded after 12 months. 
SYMPTOMS 
At 3-month evaluation, the treatment 
group had significant greater 
improvement in DED symptoms. 
A sustained improvement was recorded 
after 12 months. 

VTP treatment vs 
oral doxycycline 

Prospective, 
randomized, parallel- 
group, single-masked 
study 

VTP group: single vectored 
thermal pulsation treatment. 
Doxycycline group: 3-month 
course of daily oral doxycycline 

28 patients with 
moderate-to-severe 
MGD. 
VTP group: 14 patients. 
Doxycycline group: 14 
patients. 

Hagen 
et al. [76] 

2018 SIGNS 
The two groups were found to be 
comparable for MG function score, 
TBUT, corneal and conjunctival 
staining. 
SYMPTOMS 
At three months, VTP group experienced 
a significant better improvement in 
symptoms (as measured by SPEED 
score) than doxycycline group. 

Lifitegrast vs 
LipiFlow 

Single-center, 6-week, 
prospective, 
randomized, 
single-masked study 

Lifitegrast group: lifitegrast 
ophthalmic solution 5% twice 
daily for 42 days LipiFlow group: 
a single LipiFlow treatment 

50 patients (25 per 
group) with 
inflammatory MGD. 

Tauber 
et al. [77] 

2020 SIGNS 
Corneal staining and eyelid redness had 
greater improvement from baseline to 
day 42 in the lifitegrast group than 
Lipiflow-treated subjects. 
SYMPTOMS 
Eye dryness (visual analog scale) had 
greater improvement from baseline to 
day 42 in the lifitegrast group than 
Lipiflow-treated subjects.  
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Table 12 
Summary of randomized clinical trials concerning intense pulsed light therapy in MGD.  

Treatment Trial design Methods Number of 
participants 

Author Year Results 

Intense Pulsed Light 
Therapy 

Prospective, 
randomized, double- 
masked, placebo- 
controlled, paired-eye 
clinical trial 

Test eye: 3 IPL sessions 
(day 1, day 15 and day 
45). 
Control eye: a filter was 
applied over the tip of the 
IPL probe 

28 patients with mild 
to moderate clinical 
signs of MGD. 

Craig et al. 
[82] 

2015 SIGNS 
NITBUT significantly improved from 
baseline to day 45 in the treated eye only. 
SYMPTOMS 
Visual analog scale symptom score 
significantly improved in the treated eye 
only. 
BIOMARKERS 
Lipid layer grade significantly improved 
in the treated eye only. 

Intense Pulsed Light 
Therapy 

Randomized, double- 
masked, controlled 
clinical trial 

Group 1: 
3 IPL treatments (14–16 
J/cm2) in the periocular 
region. 
Group 2: 
3 treatments of 0 J/cm2. 

88 eyes of 44 patients 
(44 per group) with 
MGD. 

Liu et al. 
[83] 

2017 BIOMARKERS 
IPL significantly reduces inflammatory 
markers (IL-17A and IL-6) in tears of MGD 
patients. 

Intense Pulsed Light 
applied directly on 
the eyelids and 
meibomian gland 
expression 

Prospective, 
randomized, double- 
masked, controlled study 

Study eye: 
3 IPL treatments directly 
applied on the eyelids, 
MGX and artificial tears. 
Control eye: sham IPL 
treatments, MGX and 
artificial tears. 

44 patients with MGD. Rong et al. 
[84] 

2018 SIGNS 
Significant improvement of MYGSS and 
TBUT in the study eyes. No significant 
differences in CFS between the groups. 
SYMPTOMS 
No significant differences in SPEED score 
between the groups. 

Intense pulsed light in 
refractory 
MGD 

Prospective, controlled. 
randomized study 

Group 1: IPL, MGX (warm 
compresses once a day) 
and diquafosol eyedrops 
six times a day. 
Group 2: MGX and 
diquafosol eyedrops 

90 eyes of 45 patients. 
Group 1: 20 patients (3 
withdrew). Gourp 2: 
22 patients. 

Arita et al. 
[85] 

2019 SIGNS 
Significant improvement of objective 
signs (lipid layer thickness, non invasive 
break up time, lid margin abnormalities 
and meibum grade) in Group 1. 
SYMPTOMS 
Significant improvement of symptoms in 
Group 1. 

IPL Randomized, double- 
masked, sham-controlled 
clinical 

Group 1: 
IPL 
Group 2: sham IPL. 
Both gruops: preservative- 
free artificial tears 4 times 
daily after treatment, 
eye gel mask for warm 
compressions for 10 min 
twice 
daily and lid scrubs 
after warm compressions. 

114 MGD patients (57 
per group). 

Piyacomn 
et al. [86] 

2020 SIGNS 
6-month TBUT, meibum quality grades 
and expressibility grades had significantly 
improved in the IPL group. 
TBUT, meibum quality and meibum 
expressibility in patients with poor 
compliance to treatment were 
significantly better than those in the sham 
group at all visits. 
SYMPTOMS 
6-month OSDI significantly improved in 
the IPL group. 

Four-flash IPL vs five- 
flash IPL vs placebo 

Prospective, double- 
masked, parallel-group, 
randomized, placebo- 
controlled trial 

Group A: four-flash IPL 
Group B: five-flash IPL 
Group C: placebo 

87 patients with 
clinical signs of MGD. 
Group A: n = 30 
Group B: n = 28 
Group C: n = 29. 

Xue et al. 
[87] 

2020 SIGNS 
Significant improvements from day 45 in 
lipid layer quality and MG capping 
limited to group B. 
SYMPTOMS 
Significant improvements from day 45 in 
OSDI and SANDE scores limited to group 
B. 

OPT pattern vs IRPL 
pattern 

Randomized, double- 
masked, treatment study 

Group 1: OPT pattern 
Group 2: IRPL pattern 

124 eyes of 62 patients 
with MGD-associated 
DED. 
Group 1: 58 eyes. 
Group 2: 66 eyes. 

Wu et al. 
[88] 

2020 SIGNS 
OPL patterns showed better results 
regarding clarity of MG secretions, 
number of MGs yielding clear or cloudy 
liquid secretions, total MG secretion score 
in lower eyelid, lid margin score in upper 
and lower eyelids, NIKBUT and FTBUT 
than IRPL pattern.  

Table 13 
Summary of randomized clinical trials concerning electrotherapy in MGD.  

Treatment Trial design Methods Number of 
participants 

Author Year Results 

Quantum Molecular 
Resonance-based 
electrotherapy 

Prospective, open-label, 
single-center, single-group 
study 

Four 20-min 
sessions of QMR- 
ET 

25 patients Ferrari 
et al. [91] 

2019 SIGNS 
Significant improvement in cornal fluorescence 
staining, TBUT, MG expressibility and meibum 
quality after a month of washout. 
SYMPTOMS 
Significant improvement in OSDI score after a month 
of washout.  

E. Villani et al.                                                                                                                                                                                                                                  



The Ocular Surface 18 (2020) 871–892

882

IV. Latest evidences on treatment 

We chose to include in our review medical treatments and proced-
ures of proven efficacy and safety, obtained from randomized clinical 
trials. 

Antibiotics, including macrolides and tetracyclines, steroids, cyclo-
sporine, essential fatty acids, diquafosol, intraductal meibomian gland 
probing, electronic heating devices, intense pulsed light therapy and 
electrotherapy are described in the following paragraphs. 

A. Antibiotics 

The pathogenesis and the etiologies of MGD are likely to be complex 
and remain not well understood: nevertheless, eyelid inflammation and 
bacterial colonization may play an important role [31]. The antimicro-
bial properties of meibomian lipids have recently been demonstrated 
[39]. 

Patients with MGD, then, because of the reduction of the delivery of 
lipids to the ocular surface, are more prone to bacterial overgrowth 
compared to normal subjects. 

Bacteria may affect ocular surface and meibomian gland health both 
directly, through the production of toxic lipases, and indirectly, 
inducing the secretion of inflammatory mediators such as matrix met-
alloproteinases (MMPs) [40]. 

The rationale for using these antibiotics is due to their anti- 
inflammatory and anti-bacterial properties and clinical trials actually 
demonstrate improvement in signs and symptoms in patients treated 
with macrolides and tetracyclines [8,41,42]. 

Before the 2001 International Workshop on Meibomian Gland 
Dysfunction the lack of randomized controlled clinical trials prevented 
the administration of an evidence-based antibiotic therapy. Since then, a 
few authors have attempted to meticulously explore the role of these 
medications in the management of MGD. 

1. Tetracyclines 
The antibacterial theory on the main effect of tetracyclines has been 

abandoned, since low doses of doxycycline and minocycline have been 

Fig. 1. Flow diagram of the literature search and selection for “latest evidences 
on MGD diagnosis”. 

Fig. 2. Flow diagram of the literature search and selection for “latest evidences 
on MGD treatment”. 
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shown to exhibit a reduction of the activation, activity and expression of 
matrix metalloproteinases (MMPs) and inflammatory cytokines. 

Another mechanism for improving MGD is provided by doxycy-
cline’s ability to significantly impair the production of extracellular 
bacterial lipase, thereby reducing toxic free fatty acids that may exac-
erbate the disease [43–46]. 

There are a multitude of studies on the use of tetracyclines in the 
treatment of MGD, but very few are classified as randomized and pla-
cebo-controlled. 

Lee et al. [47], randomly allocated 60 patients with stage 3 or 4 MGD 
into 2 groups. 30 patients (group 1) were treated with 50 mg minocy-
cline orally twice a day and artificial tears 4 times a day for 2 months. 
Group 2 received artificial tears only. Both groups showed statistically 
significant improvement in TBUT, corneal and conjunctival stain score, 
lid margin abnormality, meibum quality, and OSDI score after 1 month 
and 2 months of treatment. However, group 1 showed a more significant 
improvement in TBUT, corneal stain score, lid margin abnormality, and 
meibum quality compared to those in group 2. Moreover, in patients 
treated with minocycline, a statistically significant reduction in IL-6, 
IL-1 β, IL-17 α, TNF- α, and IL-12p70 after 2 months of treatment was 
reported. 

In their trial, Zandian et al. [48] randomly divided 50 patients into 
two treatment groups. Group 1 was administered topical azithromycin 
1% twice daily for one week and then once daily for two weeks, as well 
as warm eyelid compress and massage. Group 2 received instead oral 
doxycycline 100 mg daily for 3 weeks and performed warm eyelid 
compress and massage. Symptoms including itching, irritation, lacri-
mation, and the frequency of foreign body sensation significantly 
improved during the treatment time with no significant differences be-
tween the two groups. Peripheral injection, corneal staining, and fre-
quency of meibomian glands plugging significantly improved in both 
groups. However, while topical azithromycin was found to be more 
effective in the reduction of eye redness, oral doxycycline provided 
better results in improving corneal staining, and frequency of meibo-
mian glands plugging. 

2. Macrolides 
Like tetracyclines, macrolides have an immunomodulatory and anti- 

inflammatory action as well as an antibacterial effect. Many in vivo and 
in vitro studies have been performed in an attempt to understand the 
mechanisms underlying the suppression of the inflammatory response 

affected by macrolides, demonstrating a reduction of cytokine release, 
suppression of bacterial lipases and effects on neutrophil chemotaxis 
and phagocytosis [8,49–51]. 

Both topical and oral azithromycin have been found to be effective in 
the treatment of MGD [42,52]. 

Two randomized clinical trials which provide Level I evidence ac-
cording to CTF were performed to compare the efficacy of these classes 
of antibiotics for the treatment of MGD. 

Satitpitakul et al. [53] compared the clinical outcomes of topical 
azithromycin and oral doxycycline in patients with moderate to severe 
MGD. 

In their prospective trial, 169 participants were randomly assigned to 
treatment with azithromycin 1.5% eye drops (n = 85) twice daily for 2 
days in the morning and evening and then once daily in the morning for 
4 weeks or oral doxycycline (n = 84) 100 mg twice daily for 4 weeks. 

The primary outcome was the percentage of participants with 
improvement in meibum quality. 

MGD-related symptoms, meibum expressibility, Oxford ocular sur-
face staining score, tear film break up time (TBUT), and drug side effects 
were assessed as secondary outcomes. 

Both groups showed a significant improvement after 4 weeks in 
meibum quality (p < 0.001), meibum expression (p < 0.001), TBUT (p 
< 0.001), ocular surface staining (p < 0.001), and MGD-related symp-
toms (p < 0.02), with no statistically significant difference between the 
groups after treatment. 

Although the doxycycline group was found to have more drug side 
effects compared to the azithromycin group (81 vs 45), the percentage of 
patients who discontinued the treatment due to side effects was com-
parable between the groups (p = 0.75): three cases of eye irritation and 
two cases of blurred vision were reported in the azithromycin group and 
two cases of gastrointestinal disturbance and one case of dizziness and 
skin rash were reported in doxycycline group. 

The authors concluded that, despite oral doxycycline and topical 
azithromycin being comparable, the latter may be preferable because of 
greater compliance with treatment, reduced drug interaction, and safety 
during pregnancy. 

Kashkouli et al. [54] designed a randomized double masked open 
label clinical trial to assess the efficacy and safety of oral azithromycin 
compared with oral doxycycline in patients with meibomian gland 
dysfunction (MGD) who were unresponsive to conservative manage-
ment (eyelid warming, massage, cleaning and artificial tears). 

Fig. 3. Comparison between normal and MGD eyelids. Courtesy of Jiaxin Xiao, Institute of Clinical Medicine, Faculty of Medicine, University of Oslo, Oslo, Norway.  
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110 patients were randomly assigned to treatment with either oral 5- 
day azithromycin (500 mg on day 1 and then 250 mg/day) or 1-month 
doxycycline (200 mg/day). 

The primary outcome was a score comprising five symptoms and 
seven signs. It was recorded prior to treatment and three times after 
treatment, together with the treatment side effects. 

A significant improvement of symptoms and signs was observed in 
both groups (p = 0.001). While no significant difference in symptoms 
was reported between the groups, bulbar conjunctival redness (p =
0.004) and ocular surface staining (p = 0.01) looked significantly better 
in the azithromycin group. The azithromycin group showed a remark-
able improvement in overall clinical response (p = 0.01). 

Mild gastrointestinal side effects (nausea, abdominal cramps, diar-
rhea, and decreased appetite) were observed in both groups, but they 
were not significantly different between the groups except for the second 
visit, when the doxycycline group presented with significantly more side 
effects (p = 0.002). Those were all temporary and did not require 
stopping the medications. 

The authors concluded that both oral azithromycin and doxycycline 
improved the symptoms of MGD, but 5-day oral azithromycin is rec-
ommended due to its increased efficacy on signs and shorter duration of 
treatment. Moreover, since MGD is a chronic disease, multiple 5-day 
pulse treatment with azithromycin would be cheaper than a 1 month 
cycle of daily oral doxycycline. 

B. Steroids and cyclosporine 

According to the IWMGD report released in 2011, the core mecha-
nism of MGD may be the obstruction of the ducts and orifices caused by 
hyperkeratinization, together with increased viscosity of meibum. 

Nevertheless, mounting evidence suggests that inflammation is 
associated with the pathogenesis of MGD. Patients with blepharitis have 
elevated meibum levels of phospholipase A2 [31]. This enzyme plays a 
role in the synthesis of arachidonic acid, from which inflammatory 
mediators such as prostaglandins and leukotrienes are synthesized. 

Many authors have reported higher concentrations of tear cytokines, 
including TNF-α, TNF-β, IL-1a, IL-1b, and MMP-9 in MGD patients, 
which lead to increased epithelial proliferation and keratinization of 
meibomian glands ducts [31]. 

While it may be suitable to treat MGD with a steroid, the risk of 
cataract development and elevation of intraocular pressure must be 
considered and measured. 

Lee et al. [55] performed a randomized controlled trial aimed at 
evaluating the effect of topical loteprednol etabonate on changes of tear 
cytokine levels and clinical outcomes in patients with moderate and 
severe MGD. 

In Group I, 34 eyes were administered topical loteprednol etabonate 
4 times a day following eyelid scrubs with warm compresses 2 times a 
day for 2 months. 

In Group II, 36 patients received eyelid scrubs with warm compresses 
2 times a day for 2 months. 

IL-6, IL-7, IL-8, IL-1b, IL-17a, IL-12p70, monocyte chemotactic 
protein-1 (MCP-1), TNF- α, IFN- γ levels and tear film break-up time 
(TBUT), corneal and conjunctival fluorescein staining, biomicroscopic 
examination of lid margins and meibomian glands, and the Ocular 
Surface. 

Disease Index were all assessed and compared before treatment, 1 
month after treatment, and 2 months after treatment. 

The results of this trial confirmed that in Group 1, compared with 
Group II, the additional application of topical loteprednol etabonate to 
eyelid scrubs with warm compresses is associated with a significant 
reduction in concentration of inflammatory tear cytokines (IL-6, IL-8, 
and MCP-1), improved TBUT, corneal and conjunctival fluorescein 
staining, lid margin abnormality, meibum quality, expressibility, ocular 
irritation symptoms, and MGD stage. 

Loteprednol etabonate is quickly converted to inactive metabolites 

Fig. 4. Meibography images of morphological MG features observed in the lids 
of subjects affected by MGD. Courtesy of the DREAM study. Ebenezer Daniel, 
Maureen Maguire, Penny Asbell. 
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by cornea and conjunctiva and provides anti-inflammatory effects, with 
little impact on intraocular pressure (IOP) [56]. 

Consistent with these reports, none of the patients in this trial re-
ported a clinically significant increase of IOP 2 months after treatment. 

Cyclosporine A (CsA) is known to decrease inflammation through the 
inhibition of the transcription of IL-2, which plays a major role in the 
regulation of T-cell activation [57]. 

Prabhasawat et al. [58] performed a 3-month prospective, random-
ized, double-masked, parallel-group controlled trial in an attempt to 
demonstrate its efficacy in treating MGD. The 70 patients enrolled in the 
study were randomly allocated to receive either 0.05% CsA ophthalmic 
emulsion twice daily or carboxymethylcellulose sodium eye drops twice 

daily. Mean OSDI, FBUT, NIBUT, lid margin inflammation, and MG 
expressibility significantly improved from baseline in Group A. 

C. Essential fatty acids 

MGD is associated with inadequate and dysfunctional lipid produc-
tion, affecting tear quality and often resulting in the evaporative form of 
Dry Eye disease. 

While most eicosanoids derived from the omega-6 fatty acids are pro- 
inflammatory, omega-3 fatty acids bias prostaglandin metabolism to-
ward the production of anti-inflammatory eicosanoids. Increased levels 
of systemic omega-3 fatty acids infact can help to suppress the 

Fig. 5. MGD staging analyzed with in vivo confocal microscopy (IVCM). Type 0 in IVCM, normal meibomian glands; type 1 in IVCM, lumen obstruction with minimal 
inflammation; type 2 in IVCM, intraepithelial, and interglandular inflammation; type 3 in IVCM, fibrosis with epithelium destruction. 
Courtesy of Hong Liang and Christophe Baudouin, Service d’ophtalmologie 3, center hospitalier national d’ophtalmologie des Quinze-Vingts, Paris, France; CHNO 
des Quinze-Vingts, IHU FOReSIGHT, Inserm-DGOS CIC 1423, Paris, France; Inserm, CNRS, institut de la vision, Sorbonne universités, Paris, France; Service 
d’ophtalmologie, hôpital Ambroise Paré, université de Versailles-Saint-Quentin-en-Yvelines. 

Fig. 6. Eyelid (outlined in blue) and atrophy (outlined in red) segmentations from the deep learning algorithm versus the ground truth. Rows 1 to 4 refer to 
meiboscores of grade 0 to 3, respectively. The first and third columns are ground truth images from the annotators, while the second and fourth columns are al-
gorithm predictions. The algorithm predictions shared high visual similarity with the ground truth, especially for eyelid region segmentation. (For interpretation of 
the references to colour in this figure legend, the reader is referred to the Web version of this article.) 
From Wang J et al. Transl Vis Sci Technol. 2019; 8 (6):37. https://doi.org/10.1167/tvst.8.6.37. 

E. Villani et al.                                                                                                                                                                                                                                  

https://doi.org/10.1167/tvst.8.6.37


The Ocular Surface 18 (2020) 871–892

886

inflammatory cascade and the production of ctyokines as TNF-α and IL- 
1β [59]. 

The Women’s Health Study revealed an association between a low 
dietary intake of omega-3 essential fatty acids and DED in women. A 
reduction in the incidence of DED was found with a higher dietary intake 
[60]. 

In light of these findings, due to their local and systemic anti- 
inflammatory properties, dietary supplementation with omega-3 fatty 
acids dietary supplementation with omega-3 fatty 

acids has been recommended at the International Workshop on 
Meibomian Gland Dysfunction. 

Oleñik et al. [61] designed a randomized, double-masked trial aimed 
to assess the effectiveness of oral supplementation with omega-3 fatty 
acids (group B, 30 patients) versus placebo (group A, 31 patients) in 
relieving signs and symptoms of MGD. After a 3-months follow-up, a 
significant improvement in mean OSDI, TBUT, lid margin inflammation, 
MG expression and Schirmer test were all recorded in group B, compared 
to baseline. 

Epitropoulos et al. [62] performed a multicenter, prospective, 
interventional, placebo-controlled, double-masked study aimed at 
assessing the effect of oral re-esterified omega-3 fatty acids on tear os-
molarity in subjects with dry eyes and confirmed MGD (primary 
objective). Secondary objectives evaluated the effects on omega-3 index 
scores, TBUT, MMP-9, symptom scores, corneal staining, Schirmer 
scores with anesthesia, and MGD stage. 

There are important issues concerning supplementation with 
commercially available omega-3 preparations. Assuming sufficient 
levels of omega-3 fatty acids only by fish consumption could be 
dangerous due to its high mercury and carcinogens content. On the other 
hand, alcoholic detoxification of these compounds performed in most 
commercial fish oils, converts the natural triglycerides to an ethyl ester 
compound, with low absorption. Re-esterification is a process that 
partially solve this probelm by creating omega-3 fatty acids in their 
natural triglyceride form. 

To evaluate the effectiveness of a re-esterified omega-3 fatty acid 
nutritional supplement, 122 subjects were randomly assigned to ingest 4 
softgels daily with meals containing a total of either 1680 mg of eico-
sapentaenoic acid (EPA)/560 mg of docosahexaenoic acid (DHA) re- 
esterified omega-3 group or 3136 mg linoleic acid safflower oil as the 
control group for 12 weeks. 

A statistically significant decrease in tear osmolarity was observed in 
the omega-3 group versus the control group at week 6 (p = 0.042) and 
week 12 (p = 0.004). 

At 12 weeks, a statistically significant increase in omega-3 index 
levels (p = 0.001) and an increase of TBUT (p = 0.002) were also 
observed in subjects taking re-esterified omega-3 supplements. 

The improvement of symptoms (OSDI), instead, was significant at 12 
weeks, but not at 6 weeks follow-up visit. 

The efficacy of omega-3 fatty acids was also evaluated in combina-
tion with lid wipes and eye drops by Korb et al. [63]. In their 
single-center, open-label, investigator-masked, randomized study, the 
authors made an attempt to compare the efficacy of this combination 
treatment regimen with warm compresses in patients with 
lipid-deficient/evaporative dry eye disease. 

The primary efficacy endpoint was meibomian gland functionality, 
intended as the number of meibomian glands yielding liquid secretion 
(MGYLS). 

Secondary efficacy endpoints were related to ocular and dry eye 
symptoms, assessed with two validated questionnaires (OSDI and 
SPEED). 

All the follow-up visits recorded that the number of MGYLS increased 
significantly from baseline to all follow up visits in the combination 
treatment group, but not in the warm compresses group. 

Mean SPEED and OSDI scores, instead, significantly improved in 
both groups and no statistically significant differences between groups 
were reported. 

A few systemic conditions may coexist with or contribute to the 
development of MGD. Rosacea, a common chronic skin disease causing 
persistent redness over the areas of the face and nose, is certainly one of 
these [1]. A large majority of rosacea patients present with concomitant 
MGD [64]. Bhargava et al. [65] conducted a prospective, interventional, 
randomized, double-masked, placebo-controlled, multi-center study in 
order to assess the effectiveness of dietary omega-3 fatty acids in 130 
rosacea patients with DED symptoms. Subjects were randomly allocated 
to receive either omega-3 fatty acids or placebo capsules (olive oil) twice 
daily for 6 months. In their sample of patients, 80% of them had 
MGD-related DED. Dietary intervention with omega-3 fatty acids was 
shown to elicit significant improvements in Meibomian Gland Score in 
the only treatment group at 3 months and 6 months. 

The DREAM study [23], a real world, randomized, double-masked, 
placebo-controlled multicenter clinical trial, is a landmark study con-
cerning this treatment option. The Dry Eye Assessment and Management 
Study Research Group randomly assigned to 535 patients suffering from 
moderate-to-severe DED a 12-month daily oral supplement dose of 3000 
mg of fish-derived n− 3 eicosapentaenoic (EPA) and docosahexaenoic 
acids (DHA) or a refined olive oil placebo, in a 2:1 ratio. A significant 
improvement in symptoms, as measured by OSDI score, was observed in 
both groups and no notable difference was found between them. The 
results from the MGD subgroup analysis concerning mean change in 
symptoms score revealed a difference between the active supplement 
group and the placebo group that was not significant (p = 0.75). 

D. Diquafosol 

Diquafosol, a P2Y2 receptor agonist promoting tear fluid and mucin 
secretion, is commonly administered for treating DED. The expression of 
this receptor in the MG murine model prompted a growing interest in 
this drug [66]. 

In their single-center, prospective, randomized, masked trial, 
Fukuoka et al. [67] aimed to evaluate the effect of diquafosol on lipid 
layer thickness in comparison with artificial tears in paired eyes of 
subjects suffering from bilateral MGD. 

A single drop of diquafosol significantly increased LLT for 60 min 
after instillation, significantly increased NIBUT for at least 90 min, and 
improved DE symptoms and tear interference pattern. 

E. Probing 

When the Report of the Subcommittee on Management and Treat-
ment of Meibomian Gland Dysfunction was published in 2011, intra-
ductal probing of the meibomian gland had just been proposed as a 
surgical option for MGD. Maskin et al., in 2010 had retrospectively 
evaluated 25 subjects with obstructive MGD, finding that this new 
technique was able to offer a 1-month post-probing relief in 100% of 
patients, whereas 96% of them had an immediate improvement [68]. 

Since then, scientific literature on the topic has grown exponentially, 
demonstrating the efficacy of this procedure involving a mechanical 
dilation of the distal aspects of the ducts through the insertion of fine 
non sharp probes. 

Since 2011, two randomized clinical trials assessed the efficacy of 
probing in association with topical steroids and intense pulsed light 
therapy. 

As reported before, increasing evidence suggests that inflammation 
plays a role in the pathogenesis of MGD. Furthermore, topical steroids 
are effective in decreasing tear cytokine levels and in improving clinical 
outcomes in patients with moderate and severe MGD. 

Ma et al. [69] evaluated efficacy and safety of intraductal meibomian 
gland probing in patients with poor improvement with previous eyelid 
warming, massage, or artificial tears. 

49patients with obstructive MGD were randomly assigned to two 
groups: 46 eyes of 25 patients underwent intraductal meibomian gland 
probing with 0.1% fluorometholone (group I), and 45 eyes of 24 patients 
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received 0.1% fluorometholone only (group II). 
Symptoms and signs, including lid margin abnormalities, meibum 

quality and expressibility, meibomian gland dropout, fluorescein stain-
ing, tear break-up time (TBUT), and Schirmer I test results, were 
assessed before treatment and after 1 day, 1 week, and 1 month. 

Although symptoms and meibum grade, TBUT, lid margin abnor-
malities, and fluorescein. 

staining had a significant improvement in both groups after treat-
ment at every follow up visit (all p < 0.05), group I had better results 
than group II at 1 month in meibum grade (p = 0.001), lid margin ab-
normalities (p = 0.001), and TBUT (p = 0.03). 

Despite the demonstrated efficacy of steroids, the orifice and duct 
obstruction in MGD may hinder the penetration of the drug. 

Probing may then ease the release of accumulated meibum and could 
help increase the accessibility of obstructed meibomian glands to topical 
corticosteroids. 

Huang et al. [70], in their randomized controlled assessor blind 
study, made an attempt to optimize the treatment for refractory 
obstructive meibomian gland dysfunction (o-MDG) by combining 
intraductal meibomian gland probing (MGP) and intense pulsed light 
(IPL), which can decrease inflammatory cytokines delivery by inhibiting 
telangiectasias on the eyelid. 

45 patients suffering from refractory o-MGD were randomly divided 
into three groups: group I underwent an IPL treatment course (3 times at 
3-week intervals), group II received a meibomian gland probing treat-
ment course (once), group III received a probing treatment and IPL 3 
times at 3-week intervals. Standard Patient Evaluation of Eye Dryness 
score (SPEED), tear break-up time (TBUT), corneal fluorescein staining 
(CFS), meibum grade, and lid margin finding results had an improve-
ment 3 weeks after final treatment in all 3 groups. Post-treatment 
SPEED, TBUT, meibum grade, and lid telangiectasia were better in 
MGP-IPL than IPL and MGP alone. Furthermore, there no one in the 
MGP-IPL group had the need to be treated again, compared to 35.7% or 
20% of patients in the IPL or MGP groups, respectively. 

Since MGP is an invasive procedure, authors concluded that the 
combined IPL and MGP, preventing the need of a follow-up treatment, 
can help patients with refractaty MGD to achieve highest therapeutic 
benefits. 

F. EYELID-WARMING therapies 

In MGD, the lipid composition of the meibum is altered, leading to 
the rise of the lipids melting point (32 ◦C in healthy subjects vs 35 ◦C in 
patients with MGD). Being more viscous at lid temperature, meibum 
delivery to the ocular surface is harder. 

This is why the first-line treatment of MGD is eyelid warming [8], 
which improves gland secretion by melting the altered meibum. How-
ever, compliance is notoriously poor, potentially leading to difficulties 
in applying therapeutic temperatures [71]. Eyelid-warming devices 
were developed to aid with this issue. 

Sim et al. [72] performed a 3-month assessor-blinded, randomized, 
controlled trial intended 

to evaluate and compare the efficacy of EyeGiene® (Eyedetec Med-
ical Inc., Danville, CA, USA), a device combining an eye mask with warm 
packs containing heatgenerating chemicals, Blephasteam® (Spectrum 
Thea Pharmaceuticals LTD, Macclesfield, UK), a portable pair of goggles 
which delivers moist heat to the eyelids, and warm towel. 

Patients were randomly assigned to the warm towel (n = 25), Eye-
Giene® (n = 25) and Blephasteam® 

(n = 25) treatments. The proportion of patients experiencing 
improvement was considered the main outcome. Tear break up time 
(TBUT), Schirmer test, corneal fluorescein dye staining, and number of 
visibly occluded meibomian gland (MG) orifices were also evaluated. 

As far as severity of symptoms 3 months post-intervention is con-
cerned, 78.3% of patients treated with Blephasteam® reported 
improvement vs 45.5% warm towel participants (p = 0.023). 

EyeGiene®, instead, showed no significant difference with warm 
towel in improving patients symptoms. By delivering more heat during 
application, Blephasteam® is more effective than conventional eyelid 
warming for MGD treatment. 

Efficacy and safety of MGDRx EyeBag, an eyelid warming device, 
was investigated by Bilkhu et al. [73] in a randomized, contralateral, 
examiner-masked clinical trial. Statistically significant improvements in 
OSDI score, NIBUT, meibum quality and expressibility, MG dropout, tear 
film osmolarity, lipid layer thickness, and tear film meniscus height 
were observed in the test eye. 

Lipiflow, an automated thermodynamic device developed a few 
years after IWMGD, is also a promising MGD treatment option. 

Finis et al. [74] conducted an observer-masked, prospective, ran-
domized clinical trial comparing the effectiveness of a single LipiFlow 
treatment with combined lid warming and massage. 

A total of 31 subjects were randomly assigned to undergo either a 
single 12-min LipiFlow-treatment or a combined twice-daily lid warm-
ing and massage for 3 months. 

OSDI score improvement was assessed as the primary outcome, 
improvement of TFBUT, decreased tear osmolarity, increased LLT, and 
increased number of expressible meibomian glands as secondary ones. 

At 1 and 3 months follow-up visits, patients treated with LipiFlow 
treatment had a significant 

improvement in OSDI score compared with those in the lid-margin 
hygiene group. Both 

treatments led to a significant improvement in expressible meibo-
mian glands compared to the baseline parameters, but no notable dif-
ference was reported between the two groups. 

The authors concluded that a single LipiFlow treatment is at least as 
effective as a 3-month, twice-daily lid margin hygiene regimen for MGD. 

To further investigate the effectiveness of LipiFlow treatment, 
Blackie et al. [75] performed a prospective, multicenter, open-label 
clinical trial enrolling 200 patients and randomly assigning them to a 
single vectored thermal pulsation (VTP) treatment (treatment group) or 
warm compresses and eyelid hygiene (twice daily for 3 months). 

After 3 months, statistically significant improvements in MG secre-
tion and DED symptoms were recorded in the treatment group, 
compared to control. At 12 months, only 14% of patients in the treat-
ment group required a second treatment session and a remarkably sus-
tained improvement in symptoms and clinical signs was observed. 

Hagen et al. [76] compared a single bilateral 12 min VTP procedure 
to a 3-month course of daily oral doxycycline in a prospective, ran-
domized, parallel-group, single-masked study. 28 patients affected by 
moderate-to-severe MGD were enrolled and randomized to receive 
either the VTP procedure or oral doxycycline (100 mg twice daily for the 
first two weeks, then 100 mg once daily for the 75 days remaining). At 
three months, the VTP group experienced a more significant improve-
ment in symptoms (as measured by SPEED score) than the doxycycline 
group. The two groups were found to be comparable for MG function 
score, TBUT, corneal and conjunctival staining. 

Tauber et al. [77] recently designed and performed a single-center, 
6-week, prospective, randomized, single-masked (investigator) study 
to compare lifitegrast to LipiFlow for the treatment of patients suffering 
from inflammatory MGD (defined as having all of the following: 
burning, stinging, dryness, thickened secretions or occlusion of glands, 
eyelid redness, and elevated MMP-9). 50 patients were randomly allo-
cated to be treated with lifitegrast ophthalmic 

solution 5% twice daily for 42 days or a single LipiFlow treatment at 
day 0. Eye dryness, corneal staining, and eyelid redness had greater 
improvement from baseline to day 42 in the lifitegrast group than the 
Lipiflow-treated subjects. 

G. Intense pulsed light therapy 

As explained before, a growing body of evidence suggests that 
inflammation has a role in the pathogenesis of MGD. 
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Intense pulsed light (IPL) therapy is based on emission of high- 
intensity polychromatic light that is absorbed from the skin surface, 
resulting in the production of heat able to destroy the pigmented skin 
lesions. 

While it’s well documented that patients suffering from facial rosa-
cea, port wine stains, seborrheic keratosis, and hypertrophic scar benefit 
from this therapeutic option, ocular surface improvements have been 
accidently discovered serendipitously in patients undergoing IPL for the 
dermatologic signs of rosacea [78,79]. 

Due to lack of substantial evidence, a few authors recently attempted 
to demonstrate the potential therapeutic effect of IPL for Dry Eye Disease 
due to Meibomian Gland Dysfunction. 

The mechanisms by which IPL produces improvements in MGD signs 
and symptoms are not fully understood. First, heat transfer to the peri-
ocular skin, by melting the altered meibum, may improve gland secre-
tion [80]. Secondly, IPL emits energy absorbed by the chromophores in 
hemoglobin, resulting in ablation of telangiectasia and preventing 
abnormal vessels from local release of inflammatory cytokines [79]. 
Finally, IPL treatment fights bacteria overgrowth on the eyelid margin 
and the associated inflammation they cause [81]. 

Craig et al. [82] designed a prospective, randomized, 
double-masked, placebo-controlled, paired-eye clinical trial and 
enrolled 28 patients with mild to moderate signs of MGD to assess the 
potential for IPL in relieving symptoms and improving signs of MGD. 
After baseline evaluation, a computer-generated randomization was 
conducted to select the test and the control eye. Three IPL treatments 
(day 1, day 15, and day 45) were performed on the skin area immedi-
ately below the lower eyelid. Pulse intensity, ranging from 9 to 13 
J/cm2, was inversely correlated to the patient’s skin phototype. Lipid 
layer grade, NITBUT, and visual analog scale (VAS) symptom score 
significantly improved from baseline to day 45 in the treated eye only. 

Liu et al. [83], with a randomized, double-masked, controlled clin-
ical trial, investigated changes in levels of inflammatory cytokines in 
tears of subjects with MGD after IPL treatment and meibomian gland 
expression compared to sham treatment. Eighty-eight eyes of forty-four 
MGD patients were enrolled into the trial and randomly assigned to 
receive 3 consecutive IPL treatments (14–16 J/cm2) approximately 4 
weeks apart in the periocular region. Control eyes received 3 treatments 
in the same intervals of 0 J/cm2. Both IPL treatments were followed by 
MGE on both the upper and lower eyelids using the Arita meibomian 
gland compressor. 

IL-17A and IL-6 declined in value compared to baseline at each 
measured time point and PGE2 significantly decreased compared to 
sham at Week 12. The decrease in the levels of these factors is consistent 
with the improvement in clinical symptoms and signs reported in pre-
vious studies. 

Rong et al. [84] performed a prospective, randomized, 
double-masked, controlled study involving 44 patients aimed at deter-
mining the efficacy and safety of IPL treatments applied directly on the 
eyelids (associated with meibomian gland expression) in patients with 
MGD. 

The primary outcome was the measurement of Meibomian gland 
yielding secretion score. SPEED score, TBUT, CFS score, and meibog-
raphy findings were assessed as secondary outcomes. 

The MYGSS of the lower and upper eyelids increased in the test eyes 
(p < 0.001). TBUT were higher in the test eyes than in the control eyes 
(p < 0.05), but no significant differences in SPEED and CFS scores were 
reported between the groups. (p > 0.05). 

The authors concluded that three sessions of IPL treatments applied 
directly on the eyelids combined with MGX are effective and safe for 
MGD treatment, providing an alternative to classic IPL administered in 
the periorbital region. 

In 2019 two articles showing interesting results were published. 
Arita et al. [85] conducted a prospective, controlled randomized 

study enrolling ninety eyes of 45 patients aimed at evaluating the effi-
cacy and safety of combined therapy with IPL and MGX in patients with 

refractory MGD in comparison with MGX alone. 
Each patient underwent a warming compress treatment once a day 

with diquafosol eye drops six times a day during the follow-up period. 
Three follow up visits were predicted over the course of 11 weeks. 

The results of the study revealed that IPL-MGX, significantly im-
proves subjective symptoms (SPEED score) and objective signs (lipid 
layer thickness, non invasive break up time, lid margin abnormalities 
and meibum grade) compared with MGX alone, and is thus a promising 
therapeutic approach for patients with refractory MGD. 

Piyacomn et al. [86] performed a randomized, double-masked, 
sham-controlled clinical trial in which 114 patients affected by MGD 
were randomly assigned either to IPL or to sham therapy (eye gel mask 
for warm compressions for 10 min twice daily and lid scrubs after 
compressions). 

They first reported 6-month efficacy and safety of the treatment, 
demonstrating that tear breakup time, meibum quality grades, expres-
sibility grades, and OSDI had a significantly improved in the IPL group. 
Secondly, no adverse effect was recorded after IPL. Interestingly, the 
population was divided in subgroups based on compliance to treatment 
(poor, good, and excellent). The authors observed that TBUT, meibum 
quality, and meibum expressibility in patients with poor compliance to 
treatment were significantly better than those in the sham group at all 
visits (P < 0.05), making IPL particularly indicated option for patients 
who lack compliance. 

Xue et al. [87] further characterized the long-term effects of IPL 
treatment by conducting a prospective, fifteen-week, double-masked, 
parallel-group, randomized, placebo-controlled trial. 87 patients pre-
senting clinical signs of MGD were recruited and randomly assigned to 
receive either 4 (group A) or 5 (group B) evenly sequenced light pulses 
or placebo (group C) applied during four sessions (days 0, 5, 45, and 75). 
The authors recorded statistically significant improvements in symp-
toms (as measured by OSDI, SPEED, and SANDE), MG capping, tear film 
lipid layer thickness, and inhibited Corynebacterium macginleyi in both 
group A and B. However, despite both treatment groups experiencing 
sustained clinical improvements from day 75, from day 45 better scores 
in lipid layer quality, MG capping, OSDI, and SANDE were limited to 
group B. 

Finally, to compare the effectiveness of two patterns of IPL treat-
ment, Wu et al. [88] performed a randomized, double-masked, treat-
ment study after enrolling 62 patients (124 eyes). 29 patients randomly 
allocated to the “Optimal Pulse Technology” (OPT) group received three 
consecutive IPL treatments at three-week intervals. A pulse intensity 
ranging from 10 to 14 J/cm2 was chosen, depending on the patient’s 
skin phototype. In the ‘‘Intense Regulated Pulsed Light’’ (IRPL) group, 
33 patients were administered four treatments on days 1, 15, 45, and 75. 
A pulse intensity ranging from 9.8 to 13 J/cm2 was chosen, depending 
on the patient’s skin phototype. Compared to baseline, statistically sig-
nificant improvements in MGD signs and symptoms were reported in 
both groups at one and three months after treatments. However, OPL 
patterns showed better results in clarity of MG secretions, number of 
MGs yielding clear or cloudy liquid secretions, total MG secretion score 
in lower eyelid, lid margin score in upper and lower eyelids, NIKBUT 
and FTBUT when compared to IRPL pattern. 

H. Electrotherapy 

Quantum Molecular Resonance-based electrotherapy (QMR-ET) is a 
novel technique that is attracting the attention of the anterior segment 
experts. 

It consists in the application of low-intensity, high-frequency (in the 
range of 4–64 MHz) electrical currents on the epidermis of closed eyelids 
by means of specific goggles and it has recently shown some efficacy in 
reducing both signs and symptoms in a sample of patients with DED 
[89]. 

The exact mechanism of action remains to be fully elucidated, but its 
anti-inflammatory properties, including a lower expression level of 
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matrix metalloproteinase and a reduction in the infiltration of leuko-
cytes are described in histological analyses of post-treatment biopsies 
collected from patients affected by chronic wounds [90]. 

This makes electrotherapy an appealing treatment option for MGD. 
Based on these encouraging data, Ferrari et al. [91] designed a Pro-
spective, open-label, single-center, single-group study to assess safety 
and efficacy of QMR-ET after collecting a sample of 25 patients affected 
by MGD. Four 20-min sessions of therapy were performed. After 4 weeks 
of washout, corneal fluorescein staining (primary endpoint) signifi-
cantly decreased on average by 62.5%. A significant improvement in 
TBUT, OSDI score, MG expressibility, and meibum quality (nonprimary 
endpoints) were also observed in combination with an excellent safety 
profile. 

IV. Discussion 

Advancements in medical imaging technology have led to faster and 
less invasive methods for MGD evaluation. Two-dimensional images did 
not allow to discriminate between the absence of the gland and its 
altered function and have been therefore compared to tridimensional 
reconstructions, where ultrastructural details of the biological tissue 
allows the direct quantification of pathophysiological processes. The 
development of validated, repeatable, and automatic morphological 
features assessment may help in the objective characterization of the 
disease to standardize MGD diagnosis and further treatment. 

The meibography technique allows direct visualization of anatom-
ical alterations, such as gland distortion, proven to be useful parameters 
in MGD diagnosis, with high diagnostic accuracy values and good inter- 
observer reliability. Morphological alterations also show a good corre-
lation with clinical features, like meibum expressibility. Drop out gland 
area quantification grading systems are widely used to diagnose MGD, 
alone or in combination with other tests, and have high diagnostic ac-
curacy and reliability, even if they evaluate the simple absence of the 
glands as the final result of the pathological process. A standardized 
comprehensive grading system based on meibography morphological 
findings show a good correlation with MGD clinical signs. Interestingly, 
meibography appears to be essential in distinguishing nonobvious from 
hypersecretory MGD.The nonobvious type could represent an early 
stage of obstructive MGD and therefore requires proper assessment and 
classification. 

OCT systems have lower scattering and absorption rates compared 
with meibography, resulting in a greater sensitivity for anatomic details 
of the glands. In MGD patients, OCT parameters such as mean gland 
width, mean gland length, and increased palpebral thickness, show a 
better correlation with clinical tests than meibography parameters. New 
patterns have been described and related to different stages of the dis-
ease, while conflicting results have been found when gland dropout 
detected by meibography has been compared to dropout detected by 
OCT. 

IVCM guarantees the quantitative visualization of pathophysiolog-
ical mechanisms like ocular inflammation: cellular parameters like 
epithelial and intraglandular immune cells show great sensitivity, 
specificity, reliability and diagnostic accuracy to detect the inflamma-
tory milieu. A new semi-quantitative classification, based on confocal 
microscopy findings, strongly correlates with clinical tests and may 
represent a helpful tool in differentiating MGD patients and their 
treatment. 

Finally, the combination of deep learning technology with both 
meibography and IVCM has shown promising results in distinguishing 
normal from dysfunctional MGs with good sensitivity, specificity, and 
AUC. Providing quantitative information about gland severity with low 
inter- and intraobserver variability and high repeatability, deep learning 
can overcome some of the limits of qualitative and subjective de-
scriptions provided by the clinicians. 

Although there is a rich body of literature on MGD treatment, a lack 
of randomized clinical trials prevents the possibility to come up with an 

evidence-based therapy algorithm. 
As far as antibiotics are concerned, we have now evidence that no 

differences in symptoms improvement exist between doxycycline and 
both oral and topical azithromycin. Nevertheless, administration of 
topical azithromycin may be preferable compared to doxycycline 
because of better compliance to topical therapies, minimal drug in-
teractions and safety during pregnancy. 

In the same way, oral azithromycin use can be recommended 
because of its better effect on improving the signs, better overall clinical 
response and shorter duration of treatment (5 days) [53,54]. 

Despite the increasing evidence suggesting that inflammation plays a 
role in the development of MGD, use of topical steroids has always been 
limited because of the risk of cataract development and elevation of 
intraocular pressure. Latest evidences show how loteprednol etabonate, 
a novel ester-based corticosteroid, has a decreased impact on intraocular 
pressure (IOP), making it safe for MGD treatment [55]. Moreover, 
topical CsA 0.05% could be considered a treatment option, given its 
effects in improving tear stability in patients affected by MGD [58]. The 
importance of omega-3 dietary supplementation had already been 
underlined in the 2011 IWMGD. Epitropoulos et al. [62] succeeded in 
demonstrating that oral consumption of re-esterified omega-3 fatty acids 
improves signs and symptoms of MGD and could be included as a pri-
mary therapy for dry eyes. Further studies in this field should be aimed 
at comparing them with the ethyl ester form of omega-3 fatty acids. 

Surprisingly, the DREAM study [23] results highlight no difference 
between treatment and placebo groups. Unlike other studies, patients 
included in this trial had to meet stringent criteria for 
moderate-to-severe DED and they were allowed to receive current 
therapies for DED during the follow-up. A direct comparison between 
the DREAM study and previous RCTs is hard to make. A benefit from 
fatty acids supplements as sole therapy in DED subjects may exist. 
Therefore, additional data are still required to shed light on this 
controversial topic. 

A recent RCT showed omega-3 fatty acids to be effective in 
improving MGD signs in patients with ocular rosacea. Additional trials 
may clarify the role of this treatment option in improving MGD-related 
symptoms and biomarkers in this condition frequently encountered in 
clinical settings. 

Preliminary results concerning the effectiveness of diquafosol in 
improving tear film stability strongly encourage and promote the design 
of RCT aimed to assess the long-term effects of repeated diquafosol 
administration. 

Intraductal probing of meibomian gland, eyelid-warming devices 
and intense pulsed light therapy are therapeutic procedures arisen in the 
last few years [69,70]. 

When the Report of the Subcommittee on Management and Treat-
ment of Meibomian Gland Dysfunction was published in 2011, intra-
ductal probing of meibomian gland had just been proposed as a 
therapeutic approach. 

During the last 5 years, the efficacy of probing in association with 
topical steroid and intense pulsed light therapy was demonstrated, even 
if further investigations exploring the long-term results of this procedure 
are required. 

Among eyelid-warming devices, latest evidences reveal superiority 
of Blephasteam and. 

LipiFlow over traditional warm compress [72,74]. Recent RCT 
demonstrated a sustained effect (over one year) of a single session of 
VTP treatment [75]. Moreover, a single 12 min LipiFlow treatment is at 
least as effective as a 3-month cycle of daily doxycycline in improving 
MGD signs and more effective in relieving symptoms. Interestingly, 
lifitegrast ophthalmic solution 5% showed effectiveness in case of in-
flammatory MGD. Further studies with a larger sample size could be 
useful to identify the patients most likely to benefit from this promising 
treatment option. 

IPL treatment has received much attention, since seven randomized 
clinical trials had been published since the IWMGD report, providing 
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supporting evidence for this procedure [83–86]. IPL proved to be 
effective in reducing inflammatory markers (IL-17A and IL-6) in tears of 
MGD patients. Signs and symptoms improved in patients suffering from 
refractory MGD and the approach proved effective even in cases of poor 
compliance to the treatment compared to the warm compressions con-
trol group. Xue et al. succeeded in demonstrating that the five-flash 
treatment has superior clinical efficacy when compared to the 
four-flash treatment [87], while Wu et al. [88] further characterized this 
therapy by demonstrating that the OPT pattern of IPL treatment is more 
effective for improving MG secretion and function in the lower eyelid 
than the IRPL pattern. 

QMR-ET appears to be a promising treatment option, since its safety 
and efficacy for the improvement of corneal fluorescein staining, TBUT, 
symptoms and meibum quality and expressibility have been described 
by Ferrari et al. [91]. This study is able to provide Level II-2 evidence, 
since it’s non-randomized and uncontrolled. Therefore, well-designed 
RCT having longer-term follow-up and potentially providing Level I 
evidence are strongly recommended to confirm the preliminary results 
discussed in our review. 
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