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INTRODUCTION
Our innovative and experienced team of scientists, 
physicians, researchers and business leaders have 
dedicated much of their lives to advancing treatments 
for ocular diseases. 

The instrument IDRA is fitted in the slit lamp tonometer’s 
hole, it is designed to make all the related tear film 
tests, from the quality of each tear layer to the analysis 
of Meibomian glands, as well as various measurements 
and classifications according to international grading 
scales.

The device’s purpose is to analyse the diagnostic 
performance of an ocular surface workup based 
on automated non-invasive measurements in the 
diagnosis of meibomian gland dysfunction (MGD). 

Dry Eye Disease (DED) is a multifactorial pathological 
condition that involves many ocular surface alterations 
caused by lacrimal dysfunction. The resulting symptoms 
are ocular surface inflammation, visual disturbances, 
subjective annoyance and general discomfort. In cases 
where the pathological condition is more serious, the 
daily life of the person is influenced, and the simplest 
habits become complicated. 

For this reason, a number of well-known DED specialists 
started to use IDRA to support their clinical diagnosis 
and they have kindly shared their case studies for you 
in this Atlas.

STANDARD PROCEDURE
It is crucial to check the quality and quantity of tear film. 

After Osmolarity test and the subjective questionnaire, 
it is necessary to follow a standard clinical procedure. 

The quality of tear film may be effectively detected 
doing the following exams: 

1. Interferometry

2. Tear meniscus 

3. NIBUT 

4. Meibography 

5. Blepharitis and Demodex 

6. Conjunctiva and cornea’s status and Staining 
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1. Interferometry
Interferometry test studies lipid layer thickness 
through the international grading scale. Depending 
on the provided pattern, the lipid layer can be 
classified between 15 nm and 160 nm. 

                                       

                

2. Tear meniscus
Tear meniscus concerns the amount of water in 
tear film in millimetres, in a non-invasive way and 
without considering reflex tears. With IDRA, it is 
possible to observe its stability and position on 
the eyelid through the acquisition of a photo. 

3. NIBUT
NIBUT allows to evaluate stability of the mucinic 
layer and regularity of the tear film using 
provided grids, and it is completely automatic. 
The automatic non-invasive break up time is the 
measurement, in seconds, of the time between the 
last complete blink and the appearance of the first 
discontinuity on the tear film. 
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4. Meibography
Meibography is made with Near-Infrared 
light. The photo of upper or lower palpebral 
conjunctiva is elaborated automatically by 
IDRA, which gives the percentage of loss area 
of the Meibomian Glands. 

                                                        

5. Blepharitis and Demodex
With magnification tools it is possibleto verify 
the status of  inflammation related to eyelids. 

                                      

      

6. Conjunctiva and cornea’s 
status and Staining
By using the yellow filter of IDRA and fluo-
rescein on patient’s eye, the device allows 
you to check conjunctival and corneal staining 
and to classify the condition through the  
relevant grading scales. 
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CAUSES

• The natural aging process, especially  
 menopause

• Diseases that affect your ability to make tears,  
 like Sjogren’s syndrome, rheumatoid arthritis,  
 and collagen vascular diseases

• Conjunctivitis

• Environmental conditions. Exposure to smoke,  
 wind and dry climates can increase tear  
 evaporation resulting in dry eye symptoms.  
 Failure to blink regularly

• Problems that don’t allow your eyelids to close  
 in the right way

• Cataract an corneal surgeries may increase  
 dry eye sympthoms

• Treatment with Medications including  
 antihistamines, decongestants, blood pressure  
 medications and antidepressants, can reduce  
 tear production

• Other factors. Long-term use of contact lenses  
 can be a factor in the development of dry eyes

• Refractive eye surgeries, such as LASIK, can  
 decrease tear production and contribute to  
 dry eyes.

OCULAR SURFACE WORKUP WITH AUTOMATED NON-INVASIVE MEASUREMENTS  
FOR THE DIAGNOSIS OF MEIBOMIAN GLAND DYSFUNCTION

Dry Eyes can be diagnosed through a complete eye examination.

Testing, with emphasis on the evaluation of the quantity and quality of tears produced by the ocular 
glands, may include:

• Patient history to determine the patient’s symptoms and to note any general health problems, 
 medications or environmental factors that may be contributing to the dry eye problem.

• External examination of the eye, including lid structure and blink dynamics.

• Evaluation of the eyelids and cornea using bright light and magnification.

• Measurement of the quantity and quality of tears for any abnormalities. Special dyes may be put 
 in the eyes to better observe tear flow and to highlight any changes to the outer surface of 
 the eye caused by insufficient tears.

HOW IS DRY EYE DIAGNOSED?

REMEDIES

• Treatment with Artificial tears

• Steroid Eye drops

• Restasis

• Xiidra

• Lacrisert

• Punctal plugs

• Intense Pulsed Light therapy has been 
 used with positive results if there are oil   
 gland problems

• Use of a cool mist humidifier to add  
 moisture to the air

• Drink water throughout the day to stay  
 hydrated

•  Warming of the Meibomian Glands 

•  Specific diets. 

DRY EYES DISEASE
The accurate diagnosis and classification of dry eye are complicated by the heterogeneous nature of 
the disease and the variability of signs and symptoms. Various diagnostic assessments have been 
proposed to qualitatively and quantitatively characterize the entire ocular surface system. However, to 
date, no universally accepted diagnostic workup for the diagnosis of MGD has been established. 

Several tests used routinely in daily practice require direct contact with the eye and/or the use of eye 
drops. The resulting alteration of the tear film volume and composition may not only influence the 
measured variable itself but also have disruptive effects on the results of subsequent tests. In addition, 
some tests require the clinician’s judgment to reach a score and, therefore, are open to significant 
observer bias. Furthermore, measurements obtained using traditional tests are often affected by 
low values of repeatability and reproducibility. Recently, new automated non-invasive quantitative 
tests have been developed to overcome these drawbacks. They include, among others, tear film 
interferometry, noncontact meibography, and tear osmolarity. 

In particular, interferometry is a technique that studies the surface reflection pattern and dynamics of 
the lipid layer of the tear film, thus allowing the measurement of the tear film stability and the thickness 
of the lipid layer. The measurement of BUT with a non-invasive technique eliminates the disturbance 
on the tear film caused by instillation of fluorescein dye. Meibography allows in vivo observation of 
the meibomian gland morphology; the gland structural changes may be graded with different scoring 
systems. In addition, new digital software allows automated calculation of the total meibomian gland 
area in the lower and upper eyelids. 

Tear film osmolarity has been reported as the single best metric to diagnose and grade severity of dry 
eye. Early in the evolution of this technique authors questioned its clinical utility because of the high 
variability of measurements and the lack of correlation with dry eye signs and symptoms, however 
subsequent publications have shown that the variability is a part of the disease and that Osmolarity 
done correctly has the highest single sensitivity and specificity of any single DED metric.
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Case 1 – Ocular mucous membrane  
 pemphigoid

C a se 1  –  O cu l a r  mu cou s membr a n e p emp h i g oid

Dr. Natasha Pahuja
Eyelight laser, eye care and research centre, Pune 
India

Patient’s description 
•  Sixty-five year aged woman has compound  
 myopic astigmatism. 
•  No history of contact lens wear. 
•  She does not report other systemic diseases  
 or taking other drugs on a regular basis.

Dysfunction description 
• She presented to clinic with complaints  
 of redness, foreign body sensation and  
 mucoid discharge in both eyes since 2 months. 
• Slit lamp bio-microscopy showed  
 hypertrophied, rounded lid margins with lid  
 odema. Inner lid margin shows telangiectatic  
 blood vessels of both upper and lower lids.
•  Ocular surface shows diffuse conjunctival  
 congestion and chemosis with partial  
 obliteration of the inferior fornix (stage  
 Iforniceal shortening as per Fosters’ grading). 
•  Cornea is clear though lustreless.

Exams comments 
The patient is affected by ocular mucous membrane pemphigoid (Stage I) confirmed by conjunctival 
biopsy and immunoperoxidase staining. Clinical exam shows severe dry eye syndrome secondary to 
autoimmune disease with poor aqueous, mucin and lipid component. Meibomian glands are not visible on 
slit lamp examination due to excess conjunctival chemosis, however, they are partially imaged (figure 1) on 
meibography. While inactive, the disease may masquerade as conjunctivitis or Meibomian gland disease. 
It is prudent to note that conjunctival pathologies may restrict the meibomian gland imaging and the 
results should be interpreted with caution. The therapy for Ocular Mucous membrane pemphigoid involves 
systemic immunomodulatory agents along with artificial tears and ointment based lubricants without 
preservatives. In addition, topical steroids and topical cyclosporine. Are prescribed to control the surface 
inflammation.
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OSDI: 72.9
Values

Interferometry: OD 80 nm OS: 30-80 nm 

Tear Meniscus: OD: 0,13 mm, OS: 0,15 mm 

NIBUT: OD 4 sec, OS: 7.1 sec

Meibography: OD 31% loss, OS: 27% loss 

C a se 1  –  O cu l a r  mu cou s membr a n e p emp h i g oid

Upper eyelid examination

!"#$%%
!"#&%%
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Case 2 – Blepharitis

C a se 2  –  B l ep h a r itis

Dr. Natasha Pahuja
Eyelight laser, eye care and research centre, 
Pune India

Patient Description
•  Twenty-two year aged man has compound  
 myopic astigmatism. 
•  Wears monthly-wear disposable contact  
 lenses.  
•  He does not report other systemic diseases  
 or taking other drugs on a regular basis. 
•  He does not give history of any ocular surgery.

Dysfunction description 
He presented to clinic with complaints of ocular 
discomfort, mild irritation and occasional 
redness in both eyes since 4 months. 
Slit lamp bio-microscopy showed hypertrophied 
lid margin, superficial non destructive 
dermatitis with eczema like inflammation 
characterised by vascular congestion on the lid 
margin of both upper and lower lids. 
Crusting and scales are seen at the base of eye 
lashes. Parakeratosis and healed ulcerative 
lesions on anterior lid margins. 
Ocular surface showed papillary hypertrophy 
on the tarsal conjunctiva. Cornea is clear. 

Values

Interferometry: OD 30nm OS: 30 nm 

Tear Meniscus: OD: 0.22 mm, OS: 0.31 mm 

Meibography: OD 23% loss, OS: 28% loss
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Exam Description
The patient is affected by Follicular Ulcerative Blepharitis (Duke- elder and MacFaul classification).  
Clinical exam shows acanthosis, Parakeratosis crusting and scales are seen at the base of eye lashes.
• In addition topical steroids and topical Cycolosporine A are prescribed to control the surface inflammation. 
• Change from monthly-wear disposable to daily-wear disposable lenses is advised as contact lens may  
 act as a reservoir for debris and can lead to formation of more deposits at the lid margin.

 MGD
 The mgd analysis showed a loss of 23% for OD eye  and 28% for OS eye

 Lipid Layer Analysis
 The Lipid analysis was good for both eyes with values less than <30nm

 Tear Minuscus
 The Ocular surface analyser showed tear meniscus height for OD eye with 0,22 mm height and  for  
 the OS eye at 0,31 mm

!"''%%

!"$#%%
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Case 3 – Meibomian gland dysfunction (MGD)

C a se 3  –  M eibomia n  g l a n d  d y sf u n ction  ( M G D )

Dr. Natasha Pahuja
Eyelight laser, eye care and research centre, 
Pune India

Patient’s description 
•  Forty-one year aged woman post cataract  
 surgery with multifocal intraocular lens. 
•  She does not report other systemic diseases  
 or taking other drugs on a regular basis. 
•  She does not give history of any other  
 surgery.

Dysfunction description 
She presented to clinic with complaints of 
glare, mild ocular discomfort, occasional pain 
and foreign body sensation in both eyes 4 
weeks after bilateral cataract surgery. Slit lamp 
bio-microscopy showed mild hypertrophy of 
lid margin with vascular congestion on the lid 
margin of both upper and lower lids. 
Ocular surface showed papillary hypertrophy 
on the tarsal conjunctiva. Pre-corneal tear 
film showed tear film debris. Cornea is clear. 
Anterior chamber was quiet and of normal 
depth and well centred multifocal intraocular 
lens in both eyes.

Exam Description 
The patient is affected by Meibomian gland dysfunction (MGD) with evaporative dry eye disease. 
Clinical exam shows truncated and engorged meibomian glands with multiple areas of gland drop outs. 
While her Schimers I was 28 mm and 30 mm her TBUT was 5 seconds and 4 seconds in right eye and left 
eye, respectively.
It is prudent to note that the dry eye disease and MGD were not evaluated/imaged prior to cataract surgery. 
The dry eye-like symptoms associated with MGD overlap the symptoms of unhappy multifocal IOL patient. 
In the absence of qualitative and quantitative assessment, early stages of disease may be missed only to 
manifest later with increased symptoms after progression.
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Values

OSDI: 20.8 

Interferometry: OD 30 nm OS: 30 nm 

Tear Meniscus: OD: 0,20 mm, OS: 0.20 mm 

Meibography: OD 42% loss, OS: 60% loss

C a se 3  –  M eibomia n  g l a n d  d y sf u n ction  ( M G D )

Right and left upper eyelid examination

!"'!%%

!"'!%%
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Case 4 – Evaporative Dry Eye

C a se 4  –  E v a p or a tiv e D r y  E y e

Dr. Luca Vigo
Centro Oftalmo Chirurgico Carones
Italy

Patient’s description 
30-year-old woman. Short-sighted and 
astigmatic, contact lens wearer. She regularly 
takes the contraceptive pill for several years, 
while she does not report other systemic 
diseases or taking other drugs on a regular 
basis.

Dysfunction description 
For some months she has been complaining of 
difficulties in using lenses, significant dryness 
during the night and upon awakening.
During the day she has symptoms such as 
burning, itching, a foreign body sensation, 
especially when working on a computer or in  
an air-conditioned environment. 
On the objective examination, she shows 
a transparent and reflecting cornea, a 
conjunctival staining value between 1 and 2 
with hyperaemia in the fornix and in the inner 
chant.

Exams comments 
The patient is affected by an evaporative dry eye with poor lipid component and dysfunction of the 
Meibomian glands.

The cause is presumed to be hormonal (estrogen-progestin) and the therapy involves the use of tear 
substitutes with fatty acids or stabilizing the tear film and the mechanical / instrumental stimulation of the 
Meibomian glands with their unblocking (heat and massage) and pulsed light.

Osmolarity values are OD 298mOsm/l, OS: 310 mOsm/l

Inflammadry test: negative

Values 
Interferometry: OD 30-80 nm OS: 30 nm                                  

Tear Meniscus: OD: 0,37 mm, OS: 0,35 mm                             

NIBUT: OD 8,6 sec, OS: 7,5 sec

Meibography: OD 15% loss, OS: 22% loss

!"$(%%
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Case 5 – Hypo lacrimation due to  
 aqueous deficit

C a se 5  –  H y p o l a cr ima tion  d u e to a q u eou s d ef icit

Patient’s description 
45-year-old woman. Emmetrope with an initial 
presbyopia. 
She does not take hormone therapy but refers 
to general feeling of discomfort, joint pain and 
sometimes even dryness in the mouth and 
airways.

Dysfunction description 
She for some months complaints of 
photophobia, burning, sensation of a foreign 
body, an important redness that worsens 
during the day as well as symptoms. 
The patient after systemic investigations is 
affected by suspected rheumatoid arthritis  
and autoimmune immunological disorders still 
to be defined. 
Ocular objective examination: modest 
suffering of the corneal surface (diffuse 
paracentral lower epitheliopathy), especially 
bulbar conjunctival hyperaemia, corneal and 
conjunctival staining between 2 and 3. 

Exams comments 
She presents a framework compatible with an important hypo lacrimation for aqueous deficiency due to 
poor function of the lacrimal gland.

Systemic therapy is entrusted to the immunologist, while at the local level corticosteroid collides are 
needed for cyclic or cyclosporine use in a chronic and continuous way. Tear substitutes based on hyaluronic 
acid or carboxymethyl cellulose with high molecular weight or high concentration and tear gels at night are 
also required.

Osmolarity: OD 320 mOsm/l OS 315 mOsm/l 

Inflammadry test: positive 

Values 
Interferometry: OD 80-120 nm, OS: 80-120 nm                                

Tear Meniscus: OO < 0,1 mm                                                               

NIBUT: OD: 10.5 sec OS: 11.3 sec

Meibography: OD 10% loss OS 5% loss

Dr. Luca Vigo
Centro Oftalmo Chirurgico Carones
Italy

!"#!%%
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Case 6 – Evaporative Dry Eye with poor  
 lipid component

C a se 6  –  E v a p or a tiv e D r y  E y e with  p oor  l i p i d  comp on en t

Patient’s description 
54-year-old man. With mild hypermetropia 
associated with presbyopia. He uses glasses 
for reading only. He does not report systemic 
diseases for which he takes drugs but in recent 
times a difficulty in the digestion of certain 
foods with suspected food intolerances.

Dysfunction description 
He complains at eye level redness already upon 
waking with modest secretion and difficulty in 
opening the eyes with sensation of a foreign 
body. During the day he refers to itching in the 
eyes and eyelids and episodes of excessive 
lacrimation. For some months the symptoms 
have worsened with increased secretion even 
during the day between the eyelashes and 
thinning of the same. Objective examination: 
transparent cornea, initial crystalline sclerosis, 
conjunctival hyperaemia marked above all 
in the lower fornix and inflammation of the 
palpebral edge with alterations in the profile 
and tortuosity of the Meibomian glands and 
dilatation or atresia of some orifices. 
Corneal staining 1, conjunctival 3. 

Exams comments 
Osmolarity: OD 295 mOsm/l OS: 306 mOsm/l 
Inflammadry test: positive
The patient suffers from an evaporative type of dry eye with a low lipid component due to an important 
deficiency of the function of the Meibomian glands.
Systemic investigations have identified digestive difficulties due to liver changes and suspected partial 
intolerance to dairy products and other substances including gluten.
The therapy consists of a systemic level in avoiding harmful foods and restoring a balance of the gastro 
enteric (lactic supplements and ferments), while at the local level surface topical corticosteroids used 
cyclically, tetracycline ointment at night for medium-long periods, substitutes tears based on fatty acids, 
disinfection and daily cleaning of the eyelid edge with special wipes, stimulation of the Meibomian glands 
with heat and pulsed light. 

Values 
Interferometry: OO 30 nm

Tear Meniscus:  OD:  0,8 mm, OS: 0,7 mm

NIBUT: OD 9,7 sec, OS: 8,2 sec

Meibography: OD 35% loss, OS 45% loss Dr. Luca Vigo
Centro Oftalmo Chirurgico Carones
Italy
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Case 7 – Meibomian Glands Dysfunction  

C a se 7  –  M eibomia n  G l a n d s D y sf u n ction   

Patient’s description 
47-year-old woman. 
Short-sighted and slightly astigmatic,  
wearer of contact lenses. 
She does not present known pathologies,  
but it is in chronic therapy with estrogen-
progestin.

Dysfunction description 
For some months she has reported difficulties 
in the use of lac and the appearance of 
relapsing chalazion and sties.  
She also complains of a dry eye on waking and 
redness and itching in the eyes during the day.  
An upper right eye eyelid chalazion and a left 
eyelid lower eyelid is present.

Objective examination: transparent cornea and 
crystalline, conjunctival hyperaemia above all  
in the archway with chronic inflammation  
of the conjunctival and palpebral edge. 

Corneal staining 0, conjunctival 2. 

Exams comments 
Osmolarity: OD 312 mOsm/l, OS 310 mOsm/l
Inflammadry test: positive

The patient suffers from dysfunction of the Meibomian glands probably of hormonal nature. Since systemic 
hormone therapy cannot be stopped and at the local level tetracycline ointment therapy is necessary for 
a few weeks, combined with topical corticosteroid therapy. They are also useful artificial tears with fatty 
acids, a thorough cleaning and disinfection of the palpebral edge daily and dry warm compresses to solve 
and mature the chalazion and the sty. 

A mechanical cleaning of the Meibomian glands and their subsequent stimulation by pulsed light could also 
be very effective.

Values 

Interferometry: 15 nm OD, 30 nm OS

Tear Meniscus: OD 0,3 mm, OS : 0,5 mm 

NIBUT: OD 5,6 sec, OS: 6,7 sec

Meibography: OD 43% loss, OS 47% loss

Dr. Luca Vigo
Centro Oftalmo Chirurgico Carones
Italy

!"$!%%
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Case 8 – Dry Eye due to excessive  
 evaporation

C a se 8  –  D r y  E y e d u e to ex cessiv e ev a p or a tion

Patient’s description 
74-year-old man. 
Hyperope and presbyope, uses multifocal 
lenses. He regularly takes drugs for the 
prostate but does not report other problems on 
the digestive and metabolic level.

Dysfunction description 
Long-term complaints of red, itchy eyes, 
with hyper lacrimation and blurred vision, a 
sensation of a foreign body and sometimes 
burning and photophobia.
Physical examination: gerontoxon, nuclear 
cortical cataract in evolution, chronic blepharitis 
and lower ectropion, major blepharochalasis.

Exams comments 
Instrumental examinations: Osmolarity: OD. 317 mOsm/l, OS 320 mOsm/l
Inflammadry test: positive 
The patient suffers from dry eye due to excessive evaporation and poor lipid component due to an altered 
function of the Meibomian glands due to structural and mechanical deficiency of both upper and lower 
eyelids. The therapy consists in the surgical restoration of an adequate eyelid anatomy (upper and lower 
blepharoplasty). 
At the local level, on the other hand, the therapy is against blepharitis and related chronic inflammation: 
tetracycline ointment, topical corticosteroids, eye washings and disinfection of the eyelid border and daily 
use of artificial tears with fatty acids or tear film stabilizers. 

Values

Interferometry: OD 30 nm OS 30-80 nm

Tear Meniscus: OD 1mm, OS 0,8mm

NIBUT: OD 7,2 sec, OS 8,1 sec

Meibography: OD 68% loss, OS 62% loss

Dr. Luca Vigo
Centro Oftalmo Chirurgico Carones
Italy
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Case 9 – Dry Eye with altered  
 lipid secretion

C a se 9  –  D r y  E y e with  a l ter ed  l i p i d  secr etion

Patient’s description 
60-year-old woman with medium-sized 
myopia. 
It has been found autoimmune hypothyroidism 
for some years for which she is in chronic 
therapy with eutirox.

Dysfunction description 
She cannot use contact lenses and complains 
about dryness when waking up and during the 
day. Reports redness in the eyes, burning  
and sensation of a foreign body, photophobia 
and difficulty in night driving.
Objective examination: bilateral important 
blepharochalasis with moderate irritation of the 
palpebral edge of the chronic type. 
Marked conjunctival hyperaemia and suffering 
of corneal epithelium especially in the inferior 
paracentral area. Grade 3 conjunctival corneal 
and conjunctival staining. 

Exams comments 
The patient is affected by an important form of Dry Eye for an altered lipid secretion (dysfunction of the 
Meibomian glands due to the important blepharochalasis) and a scarce production of aqueous component 
by the lacrimal gland (consequent to hypothyroidism). The suggested therapy consists in the use of cyclic 
hydrocortisone, tear substitutes based on hyaluronic acid or carboxymethyl cellulose with high molecular 
weight or high concentration and stimulation of the Meibomian glands with pulsed light and of the lacrimal 
gland with radiofrequency.

Values

Interferometry: OD. 15nm, OS: 30nm

Tear Meniscus: OD 0.1 mm, OS: 0.15 mm 

NIBUT: OD 6.5 sec, OS: 7.2 sec

Meibography: OD: 35% loss, OS 40% loss

Dr. Luca Vigo
Centro Oftalmo Chirurgico Carones
Italy
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Case 10 – Evaporative Dry Eyes

Dr. Sri Ganesh
Nethradhama Super Speciality Eye Hospital
Bengaluru    
India

Patient Description
Patient aged 35 y/ male reported to our clinic 
complaining of itching and dryness in both eyes 
and was interested in refractive surgery
Previous history indicated the patient being 
Soft contact lens user
The reported VA for Both Eyes were 6/6 and N5

 Lipid Layer Analysis
 The Lipid analysis was good for both eyes with values less than <30nm

 Tear Minuscus
 The Ocular surface analyser showed less tear meniscus height for OD eye with 0.17mm with normal  
 height for the OS eye at 0.24mm

Values   OD  
Interferometry: >30nm
Tear meniscus: 0.17mm
NIBUT: 5.4Sec
Meibography: 11 % Area Loss

Values  OS
Interferometry: <30nm
Tear meniscus: 0.24mm
NIBUT: 4.4Sec
Meibography: 10% Area Loss

C a se 1 0  –  E v a p or a tiv e D r y  E y es
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Conclusion
• TBUT was performed for both eye in same patient and was reported at 5sec which corresponds with  
 the values of NIBUT from OSA.
• The patient is advised for treatment with lubricants and IPL (intense pulse light) following above   
 investigations prior to Lasik.
• Patient is diagnosed to have evaporative dry eye.

 NIBUT Graph
 The average NIBUT value  reported for OD eye was 5.4 and for OS eye was 4.4 sec 

 MGD
 The mgd analysis showed minimal loss of 10% and 11% for both eye

C a se 1 0  –  E v a p or a tiv e D r y  E y es
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Case 11 – Post Lasik Severe Dry Eye

C a se 1 1  –  P ost L a sik  S ev er e D r y  E y e

Dr. Sri Ganesh
Nethradhama Super Speciality Eye Hospital
Bengaluru    
India

Patient Description
Patient aged about 26yrs female reported in 
our clinic complaining of redness ,irritation, 
intolerance to light, burning sensation and 
watery in BE.
On  Slit lamp examination cornea showed 
moderate staining, severe MGD, unhealthy  
tear film.

 Lipid Layer Analysis
 The Lipid analysis was good for both eyes with values greater  than >80nm for both eyes

 Tear Minuscus
 The Ocular surface analyser showed normal tear meniscus height for OD eye with 0.21 mm with  
 normal height for the OS eye at 0.27mm

Values   OD  
Interferometry: >80nm
Tear meniscus: 0.21mm
NIBUT: 11.2Sec
Meibography: 32 % Area Loss

Values  OS
Interferometry: >80nm
Tear meniscus: 0.27mm
NIBUT: 8.8Sec
Meibography: 20 % Area Loss

!"'#%% !"#*%%
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Conclusion
•  The patient was treated with IPL and lubricants for 3 sittings 
•  After 2nd sitting of IPL NIBUT  RE was 4.2 mgd dropout area was 22%
•  Patient symptomatically improved by 40%
•  The above OSA  findings are after 3rd IPL Sitting ,where in the patient had improved by 60%  with  
 improvement in Lipid layer and NIBUT.

 NIBUT Graph
 The average NIBUT value  reported for OD eye was 11.2 sec and for OS eye was 8.8 sec  

 MGD
 The mgd analysis showed loss of 32% for OD eye  and 20% for OS eye

C a se 1 1  –  P ost L a sik  S ev er e D r y  E y e
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Case 12 – Dry Eye

C a se 1 2  –  D r y  E y e

Dr. Sri Ganesh
Nethradhama Super Speciality Eye Hospital
Bengaluru    
India

Patient Description
Patient Aged about  38 years Male reported to 
our clinic complaining of Irritation and dryness 
in both eye. Best corrected VA for OD  was 6/6 
and N6  and OS was 6/6 and N6.
On slit lamp evaluation Both Eye  showed 
allergy, frothy discharge indicating mgd and 
few blocked meibomian gland.

 Lipid Layer Analysis
 The Lipid analysis was very poor  for both eyes with values less than <15nm

 Tear Minuscus
 The Ocular surface analyser showed less tear meniscus height for OD eye with 0.22mm with normal  
 height for the OS eye at 0.26mm

 

Values   OD  
Interferometry: <15nm
Tear meniscus: 0.22
NIBUT: 18.5Sec
Meibography: 22%Loss area

Values  OS
Interferometry: <15nm
Tear meniscus: 0.26
NIBUT: 16.9Sec
Meibography: 0%Loss area
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Conclusion
•  The patient was treated with IPL post which the TBUT has improved.
•  The  NIBUT result showed break up at 17 sec. TBUT before IPL was recorded at 5 sec.
•  The OSA results confirmed of poor Meibomian glands with loss of 22 % for OD.
•  The patient was treated for IPL 3 sittings and with lubricants the patient has significant improvement  
 in the conditions.

 NIBUT Graph
 The average NIBUT value  reported for OD eye was 18.5sec and for OS eye was 16.9sec   

 MGD
 The mgd analysis showed minimal loss of 22% for OD  and 0% for OS eyes

C a se 1 2  –  D r y  E y e
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Case 13 – Post Presbyopic Lasik

C a se 1 3  –  P ost P r esby op ic L a sik

Dr. Sri Ganesh
Nethradhama Super Speciality Eye Hospital
Bengaluru    
India

Patient Description
Female Patient aged 48 yrs  reported to us  
of dryness in both Eye after prebyopic lasik.
Slit lamp corneal evaluation showed normal 
cornea and flaps well appossed.
Best Corrected Visual Acuty was 6/6 and N6  
for Both eyes.

 Lipid Layer Analysis
 The Lipid analysis was poor for both eyes with values less than <15nm

Values   OD  
Interferometry: <15nm
Tear meniscus: 0.22mm
NIBUT: 12.0Sec
Meibography: 40 % Area Loss

Values  OS
Interferometry: <15nm
Tear meniscus: 0.22mm
NIBUT: 14.8Sec
Meibography: 42 % Area Loss

 MGD
 The mgd analysis showed minimal loss of 40% for  OD and 42 % for OS
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Conclusion
•  The OSA showed less Lipid layer
•  The MGD test showed loss of 42 % with blocked glands
•  The patients was diagnosed to have loss of mgd with evaporative dry eye

 NIBUT Graph
 The average NIBUT value  reported for OD eye was 12.0  and for OS eye was 14.8 sec   

C a se 1 3  –  P ost P r esby op ic L a sik

 Tear Minuscus
 The Ocular surface analyser showed normal tear meniscus height for OD eye with 0.22 mm and  
 normal height for OS eye at 0.22 mm
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Case 14 – Evaporative Dry Eye

C a se 1 4  –  E v a p or a tiv e D r y  E y e

Dr. Sri Ganesh
Nethradhama Super Speciality Eye Hospital
Bengaluru    
India

Patient Description
Female patient aged about 33 years complains 
of dry eyes and eye strain for 1 year patient is 
computer user (upto about 9 hrs /day) On slit 
lamp examination Mild corenal staining seen 
with blocked meibomian glands

 Lipid Layer Analysis
 The Lipid analysis was very poor  for both eyes with values less than <15nm

 Tear Minuscus
 The Ocular surface analyser showed less tear meniscus height for OD eye with 0.17 mm and the OS  
 eye at 0.18mm

Values   OD  
Interferometry: <15nm
Tear meniscus: 0.17mm
NIBUT: 6.1 Sec
Meibography: 49% Loss area

Values  OS
Interferometry: <15nm
Tear meniscus: 0.18mm
NIBUT: 6.9 Sec
Meibography: 30% Loss are
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Conclusion
•  Both Eye are diagnosed as  evaporative dry eyes 
•  The OSA confirms of loss in MGD area.

 NIBUT Graph
 The average NIBUT value for OD eye was 6.1 sec and for OS eye was 6.9 Sec which is less than the  
 normal breakup time.   

 MGD
 The mgd analysis showed loss of 49% for OD  and 30 % for OS eyes

C a se 1 4  –  E v a p or a tiv e D r y  E y e
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Case 15 – Severe Dry Eye

C a se 1 5  –  S ev er e D r y  E y e

Dr. Sri Ganesh
Nethradhama Super Speciality Eye Hospital
Bengaluru    
India

Patient Description
Patient aged 70 years old complaining of 
watery and itching in both eyes. 
On slitlamp evaluation diagnosed as MGD with 
thick tooth paste like meibum secretion and 
blocked glands.

 Lipid Layer Analysis
 The Lipid analysis was good for OD eye with values greater  than >80nm 
 The Lipid analysis for OS  was <30nm

 Tear Minuscus
 The Ocular surface analyser showed normal tear meniscus height for OD as 0.22  mm and with less  
 height for the OS eye at 0.16 mm

Values   OD  
Interferometry: >80nm
Tear meniscus: 0.22mm
NIBUT: 10.8S ec
Meibography: 29 % Area Loss

Values  OS
Interferometry: >30nm
Tear meniscus: 0.16mm
NIBUT: 11.0 Sec
Meibography: 27 % Area Loss
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Conclusion
•  After 2 IPL sittings The NIBUT values improved from  earlier reported  as 3sec for OD eye and 6 sec  
 for OS Eye.
•  Tearscope results correlate well in clinical findings.

 NIBUT Graph
 The average NIBUT value  reported for OD eye was 10.8 sec and for OS eye was 11.0 sec   

 MGD
 The mgd analysis showed loss of % for OD eye  and 20% for OS eye

C a se 1 5  –  S ev er e D r y  E y e
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Dr. Franco Spedale
Dr. Francesco Blasetti
Head of the U.O. Ophthalmology
ASST-Franciacorta Hospital in Chiari (BS) 
Italy

Patient’s description 
74-year-old woman with presence of cataract 
in the right eye. 
She must deal with phacoemulsification and 
IOL implantation. 
She does not report symptoms referable to dry 
eye, nor does she instill lacrimal substitutes.

Dysfunction description 
The patient occasionally reports a foreign body 
sensation.
Her values 5 days before cataract surgery are 
as follows: 

N.I.BUT: 12.5 sec
Tear meniscus: 0,41 mm
Interferometry: about 30 nm – closed reticulum 
MGD evaluated on the lower eyelid shows loss 
area of about 37%.

Case 16 – Phacoemulsification follow-up 

C a se 1 6  –  P h a coemu l sif ica tion  f ol l ow- u p  

Exams comments 
Prior to surgery, local anaesthesia was performed with lidocaine eye drops in the conjunctival fornix, 
disinfection of the periocular skin with 10% povidone iodate and of the bulbar conjunctiva with 5%  
povidone iodine. From this analysis it is clear that there has been a drastic reduction in the tear film breakage 
time, and a modest reduction of the lacrimal meniscus, a sign of a dry evaporative eye.
The topical anaesthetic, the use of povidone iodate, the corneal cut, the affixing of the blepharostat induce 
important changes of the ocular surface that can lead to dry eye.
This can have a negative impact on the patient operated and go to partly undermine the result of the operation. 
Therefore, the use of a tear substitute after cataract surgery is essential for the postoperative course and for 
the restoration of a correct ocular surface balance. The evaluation of the ocular surface before surgery allows 
to identify pre-existing dry eye problems and to better prepare the ocular surface for surgery with the most 
targeted therapeutic choice for each patient.

Values
(After 5 days from the cataract surgery)

Interferometry: 30 nm – closed reticulum

Tear Meniscus: 0,25 mm  

NIBUT: 2.8 sec

Meibography: 51% loss evaluated on the lower eyelid
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Case 17 – Evaporative Dry Eye

C a se 1 7  –  E v a p or a tiv e D r y  E y e

Dr. Sergio M. Solarino
CentroVista, Sardinian Dry Eye Center
Cagliari-Selargius
Italy

Patient’s description 
45 years old female, 
short sighted with heavy use of daily 
disposable contact lenses
on chronic estrogen-progestin therapy.

Dysfunction description 
The patient has complained for over a year of 
not being able to tolerate any more the daily 
disposable contact lenses for the same number 
of hours that she was used to. 
On awakening she complain of ocular burning 
with redness of the bulbar conjunctiva. 
sensation of foreign body present all day long 
and worstening in air-conditioned rooms. 
Transient and frequent blurring of the vision, 
especially when busy reading or at the 
computer. On the objective examination, she 
shows a normal cornea, no neovascularization 
at limbus but a diffuse conjunctival hyperaemia 
with important staining values.

Exams comments 
This patient is affected by an evaporative dry eye with involvement of meibomian glands of medium level. 
Her lipid component is poor and dysfunction of the Meibomian glands is about 30%.
The estrogen-progestin chronic therapy and many years of contact lenses use are both important factors. 
She is on local therapy with tear substitutes with fatty acids for stabilizing the tear film and underwent IPL 
therapy and heating of the Meibomian glands, this togheter with massage and expression of meibomian 
glands for restarting proper secretion.
We added also Ciclosporine 0,1% local drops BID and local desametasone drops preservative free BID.

Values

Interferometry: OD 30 nm OS: 30 nm 

Tear Meniscus: OD: 0,35 mm, OS: 0,29 mm

NIBUT: OD 6,3 sec, OS: 4,3 sec

Meibography: OD 31% loss, OS: 22% loss
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Case 18 – Meibomian gland  
 dysfunction (MGD)

C a se 1 8  –  M eibomia n  g l a n d  d y sf u n ction  ( M G D )

Dr. Sergio M. Solarino
CentroVista, Sardinian Dry Eye Center
Cagliari-Selargius
Italy

Patient’s description 
62 years old, female, 
medium short sighted (-5 sf )
BPCO in chronic therapy with Salbutamol  
Sulphate BID
No previous ocular operation
Local therapy with Hyaluronic acid artificial tears 

Dysfunction description 
The patient presented to our clinic complaining 
about ocular symptoms lasting since about two 
years, like significant dryness during the night 
associated to bulbar conjunctival redness at 
awakening. 
She also has been complaining about not being 
able anymore to tolerate the direct sunlight, 
especially during windy days. 
Sometimes the symptoms are worsening with 
pain and foreign body sensation in both eyes.
On the objective examination, she shows a 
normal cornea, a diffuse conjunctival hyperemia 
with important staining values and mild 
vascular congestion on the lid margin of both 
upper and lower lids.
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Values

Interferometry: OD 30nm OS: 30 nm 

Tear Meniscus: OD: 0,24mm, OS: 0,26 mm

NIBUT: OD 1,4 sec, OS: 2,3 sec

Meibography: OD 20% loss, OS:15% loss

Exams comments 
This patient is mainly affected by a meibomian gland disease and a mild evaporative dry eye.
The involvement of meibomian glands is mild but prevalent. Her lipid component is poor and dysfunction  
of the Meibomian glands is about 20% and recovered rapidly with IPL treatment.
Local therapy with tear substitutes with fatty acids for stabilizing the tear film was provided. 
She also underwent 3 IPL therapy cicle along with the heating of the Meibomian glands, performed with 
massage and expression of meibomian glands. Thus restarting a better secretion.
We added local desametasone drops preservative free BID for two months.
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Case 19 – Post Lasik Dry Eye

C a se 1 9  –  P ost L a sik  D r y  E y e

Dr. Sergio M. Solarino
CentroVista, Sardinian Dry Eye Center
Cagliari-Selargius
Italy

Patient’s description 
335 years old, male,
Medium short sighted (-4.5 sf ) Underwent 
LASIK in both eyes in 2014 Local therapy with 
Hyaluronic acid artificial tears and occasionally 
spontaneous use  of tetryzoline eye drops.

Dysfunction description 
The patients complaints about low light glare, 
dry eyes, night vision disturbance, associated to 
bulbar conjunctival redness.
His Dry eye symptoms ranged from mild ocular 
irritation to severe discomfort, occasionally, 
mainly when applying to computer work for 
many hours. Sometimes leading to photophobia 
and blurred vision.
On the objective examination, he shows a 
normal and transaperent cornea, a diffuse 
conjunctival hyperemia with moderate staining 
values and mild vascular congestion on the lid 
margin of both upper and lower lids along with 
some localized teleangiectasia.

Exams comments 
This patient is mainly affected by a meibomian gland disease and a high evaporative dry eye.
He presented at first a very short time of NIBUT (1.2 s in OD and 1,7 in OS)
Interferometry is 30 nm in OD and 15 nm in OS
Tear meniscus is 26 mm in bothe eyes
Meibography shows 33 % loss in OD and 38%  in OS
The involvement of meibomian glands is mild. His lipid component is poor and dysfunction of the 
Meibomian glands decreased rapidly with IPL treatment.
Local therapy with tear substitutes with fatty acids for stabilizing the tear film was provided.  
He also underwent 3 IPL therapy cicle along with the heating of the Meibomian glands, performed with 
massage and expression of meibomian glands. Thus restarting a better secretion.
We added and local desametasone drops preservative free BID for two months.
Local use of Tetryzoline was interrupted.
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Values

Interferometry is 30 nm in OD and 15 nm in OS 

Tear Meniscus is 27 mm in bothe eyes

NIBUT (1.2 s in OD and 1,7 in OS)

Meibography shows 33 % loss in OD and 38% in OS

C a se 1 9  –  P ost L a sik  D r y  E y e

Upper eyelids examination
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Case 20 – Evaporative Dry Eye with  
 conjunctival chalasis 

C a se 2 0  –  E v a p or a tiv e D r y  E y e with  con j u n ctiv a l  ch a l a sis 

Dr. Eros Radrizzani    
Ambulatorio Superficie Oculare
Italy

Patient’s description 
72-year-old patient with SDL symptomatology. 
Treated for years with various formulations of 
eye drops (antibiotic Steroids without benefits)
Currently he reports disorders like sensation of 
foreign body, itching, epiphora, heaviness in the 
evening and modest secretions on waking. 

Dysfunction description 
Local objectivity highlights aspects such as 
rounding of the palpebral edge, telagectasias, 
retractions of the glandular ducts, and 
moderate hyperemia which configures a picture 
of MGD of 3rd degree of chronic obstructive 
type.
Combined with the presence of conjunctival 
folds at the outer 1/3 eyelid (conjunctival 
chalasis of 3rd degree lincoff scale).

Exams comments 
The data show an O.S.D.I. of moderate dry eye (24), Osmolarity of a slight degree (309 mOsm/l) and 
interferometry with a poor or absent lipid layer, reduced and interrupted meniscus due to the presence of 
conjunctival chalasis, rapid NIBUT.  
The analysis of the data led to the highlighting of a picture of chronic evaporative dry eye due to obstructive 
glandular dysfunction complicated by the presence of abundant conjunctival chalasis.  
In the treatment the main objectives were:
• To solve the presence of conjunctival chalasis,
• To make a good lipid layer in the tear film to limit the abundant evaporation,
• To reduce the inflammatory state. 
In the first case, I used an Argon laser treatment on the third external of bulbar conjunctiva towards the 
lower fornix with 2-3 spots lines, after instilling lissamine (Fig. 3 and 4).
After the treatment, I combined external antibiotic and steroids three times a day, decreasing the dose in 
twenty days and exploiting the anti-inflammatory action on the clinical picture.
In addition, the patient used lipidic artificial tears 4-5 times a day for two months and Omega 3 aqnd Omega 
6 supplements for one month.

Values

Interferometry: 15nm 

Tear Meniscus: 0,22 mm                                                             

NIBUT: 4,4s 

Meibography: 39%

1) Conjunctival chalasis: coloration with fluorescein                    

2) Interferometry lipid layer open meshwork or almost absent 

3) Conjunctival chalasis: coloration with Lissamina green                        

4) Reduced tear meniscus  0,22 mm

5) Meibography: Glandular loss of 39%;  
     Obstruction of the ducts and lobular dilatation.  

1

3 5
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Ocular Surface Workup With Automated Non-invasive Measurements 
for the Diagnosis of Meibomian Gland Dysfunction

Giuseppe Giannaccare, MD, PhD,* Luca Vigo, MD,† Marco Pellegrini, MD,* 
 Stefano Sebastiani, MD,* and Francesco Carones, MD†

Purpose: To analyze diagnostic performance of an ocular 
surface workup based on automated non-invasive measu-
rements in the diagnosis of meibomian gland dysfunction 
(MGD).

Methods: Two hundred ninety-eight eyes of 149 patients 
with MGD and 54 eyes of 27 control patients were analy-
zed. Ocular Surface Disease Index (OSDI), non-invasi-
ve breakup time (BUT), lipid layer thickness, meibomian 
gland loss, and tear osmolarity were calculated. The cor-
relations among variables in the MGD group were analy-
zed. The area under the curve (AUC) of receiver operating 
characteristic curves was calculated.

Results: OSDI, non-invasive BUT, and meibomian gland 
loss were significantly different between MGD and control 
groups (respec- tively, 37.9 6 19.6 vs. 7.1 6 2.8; 8.8 6 3.6 vs. 11.0 
6 3.0; 28.0 6

17.6 vs. 21.2 6 13.0; always P , 0.05). Positive correlations 
were found between lipid layer thickness and non-invasi-
ve BUT and between meibomian gland loss and OSDI (re-
spectively, r = 0.169, P = 0.004; r = 0.187, P = 0.004). Non-in-
vasive BUT had the highest diagnostic power as a single 
parameter, followed by meibomian gland loss (respecti-
vely AUC = 0.686, AUC = 0.598). When the diagnosis of MGD 
was made based on either non-invasive BUT or meibomian 
gland loss being abnormal, sensitivity was 86.2% and spe-
cificity 38.5%. When the diagnosis was made on both non- 
invasive BUT and meibomian gland loss being abnormal, 
sensitivity was 39.3% and specificity 85.6%.

Conclusions: This automated non-invasive ocular surface 
workup may represent a useful screening tool for the dia-
gnosis of MGD. In case of positivity of either non-invasive 
BUT or meibomian gland loss, subsequent qualitative cli-
nical tests should be performed to achieve a reliable  dia-
gnosis  and  more  precise  characterization  of MGD.
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Dry Eye disease was recently redefined as a “multifacto- 
rial disease of the ocular surface characterized by a loss of 
homeostasis of the tear film, and accompanied by ocular 
symptoms, in which tear film instability and hyper- osmo-
larity,  ocular  surface  inflammation  and  damage, and 
neurosensory abnormalities play etiological roles.”1 Mei-
bomian gland dysfunction (MGD) represents the lead- ing 
cause of evaporative dry eye, the  most  common subtype 
of dry eye.2,3 MGD is characterized by hyper- keratiniza-
tion of the meibomian gland ductal epithelium, leading to 
obstruction and plugging of the gland orifice. Moreover, 
quantitative and qualitative changes in the meibum lipid 
composition lead to increased viscosity and reduced gland 
outflow onto the tear film. The stasis of meibum inside the 
gland promotes proliferation of bacteria, producing lipa-
ses and esterases that increase the viscosity and  melting 
temperature of  the meibum, thus  setting up a vicious spi-
ral. Hyposecretion of meibomian lipids causes thinning of 
the tear film lipid layer, with consequent tear film insta-
bility, increased evaporation rate, and dry eye onset.4–6

There is currently no general consensus regarding the 
diagnostic workup for the diagnosis of MGD and monitor- 
ing of the treatment response. Routinely, the diagnosis is 
mainly based on slit-lamp examination of the lid margin 
and ocular surface epithelium, meibomian gland expres-
sibility and secretion quality, and fluorescein tear breakup 
time (BUT).7 However, these tests are invasive, requiring 
direct contact with the ocular surface, and subjective, 
which leads to the  possibility  of  significant  observer  
bias  because  of a low degree of standardization.8 Re-
cently, newer auto- mated and non-invasive tests, inclu-
ding among others, non-invasive BUT, lipid layer thick-
ness,  tear  osmolarity  and noncontact meibography, have 
been developed to complement the diagnosis of MGD and 
dry  eye  disease. The purpose of this study was to analy-
ze diagnostic performance of an ocular surface workup 
based on the above-mentioned automated non-invasive 
measurements in the diagnosis of MGD.
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MATERIALS AND METHODS

Study Population

This cross-sectional study was conducted at Carones 
Ophthalmology Center (Milan, Italy) between September 
2016 and July 2017. The study was performed in accor- 
dance with the principles of the Declaration of Helsinki 
and was approved by the local institutional review 
board.  Written informed consent was obtained from all 
subjects before the examination. Patients with ocular 
discomfort symptoms (OSDI $ 13) and at least one 
clinical sign of MGD (namely terminal duct obstruction, 
plugging of the meibomian glands, turbid secretions, 
inflammation and swelling of the eyelid margin, or poor 
meibum expression) were enrolled in the MGD group. 
Healthy sex and age- matched patients acted as the 
control group. The exclusion criteria for both groups 
were age less than 18 years, concomitant presence 
of systemic  uncontrolled  disease,  any active ocular 
surface disease other than MGD (includ- ing aqueous 
tear-deficient dry eye disease), and previous ocular 
trauma or surgery.

Ocular Surface Workup

Before any examination, all patients completed the 
Ocular Surface Disease Index (OSDI) questionnaire 
to assess the severity of ocular surface symptoms. 
After slit-lamp examination, the following tests were 
performed in the following chronological order: non-
invasive BUT, lipid layer thickness, tear osmolarity, and 
noncontact meibography of the lower eyelid.

The OSDI questionnaire consists of 12 questions 
regarding the presence and frequency of symptoms 
related  to the ocular surface. The final scale ranges 
from 0 to 12 (no disability), to 13 to 22 (mild symptoms), 
to 23 to 32 (moderate symptoms), and to 33 to 100 
(severe symptoms). The non-invasive BUT and lipid 
layer thickness were assessed by interferometry using 
the I.C.P. Tearscope (SBM Sistemi, Turin, Italy). Three 
measurements of the non-invasive BUT were recorded, 
and the median value was used for statistical analysis. 
The lipid layer thickness was graded from 0 to 5 based 
on the observed lipid layer patterns: absence of lipids 
(grade 0); open meshwork (grade 1); tight meshwork 
(grade 2); waves (grade 3); amorphous (grade 4); and 
color mixing

FIGURE 1. Boxplot analysis of non-invasive BUT, ocular surface disease index, meibomian gland 
loss, and tear osmolarity for both MGD and control groups.
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Bold are for P , 0.05.

(grade 5). Meibography was performed by capturing 
infrared images with the BG-4M noncontact 
meibography system (SBM Sistemi, Turin, Italy). Images 
were digitally analyzed using ImageJ software (National 
Institutes of Health; http:// imagej.nih.gov/ij), and 
meibomian gland loss was defined as the percentage 
of gland loss in relation to the total tarsal area of the 
lower eyelid. Tear osmolarity was tested using the 
TearLab Osmolarity System (TearLab Corporation, San 
Die- go, CA), collecting a 50-nL tear sample from the 
inferior lateral tear meniscus.9

Statistical Analysis

Data analysis was performed using SPSS statistical 
software (SPSS Inc, Chicago, IL). Values were expressed 
as mean 6 SD. The Mann–Whitney U test was used to 
compare OSDI, non-invasive BUT, lipid layer thickness 
grade, mei- bomian gland loss, and tear osmolarity 
between both groups. The correlations among the 
parameters in the MGD group were calculated using 
Spearman correlation analysis. Venn diagrams were 
used to show how the measured parameters might 
contribute to the diagnosis of MGD. Receiver operating

 

characteristic (ROC) curves with calculations of the 
area under the curve (AUC) were used to describe the 
accuracy of each parameter for differentiating patients 
with MGD from controls. Results were considered 
statistically significant for P , 0.05.

RESULTS

A total of 352 eyes of 176 patients were included in the 
study. Of these, 149 patients were affected by MGD 
(105 women and 44 men; mean age 53.4 6 15.5 years), 
whereas 27 healthy patients acted as a control group 
(22 women and 5 men; mean age 52.9 6 15.2 years). 
There was no significant difference in the distribution 
of both age and sex between both groups. The median 
values and variability of the OSDI, non-invasive BUT, 
meibomian gland loss, and tear osmolarity in both 
groups are shown in Figure 1. The mean OSDI was 
significantly higher in the MGD group than in controls 
(respectively 37.9 6 19.6 vs. 7.1 6 2.8; P , 0.001). The non-
invasive BUT was significantly shorter in the MGD group 
than in the control group (8.8 6 3.6 vs. 11.0 6 3.0; P , 
0.001), whereas meibomian gland loss was significantly 
higher in the MGD group than in the control group (28.0 
6

17.6 vs. 21.2 6 13.0; P = 0.029). There were no significant 
differences in both lipid layer thickness and tear 
osmolarity between the MGD group and control group 
(respectively, 22.2 6 1.3 vs. 2.4 6 1.5 and 303.5 6 9.8 vs. 
302.7 6 8.5; always P . 0.05). loss, lipid layer thickness, 
and tear osmolarity. 

 

FIGURE 2. ROC curves for non-invasive BUT, 
meibomian gland

TABLE 2. Areas Under the ROC Curves (AUCs) With 95% 
Confidence Intervals (CIs), Sensitivity, and Specificity for 
the Calculated Cutoff Values* of Each Parameter

*Determined as the value whose corresponding point on the 
ROC curve was nearest to the coordinate (0,1).

The correlation analyses among the measured variables 
in the MGD group are summarized in Table 1. Positive 
correlations between lipid layer thickness and non-invasive 
BUT (r = 0.169, P = 0.004) and between meibomian gland 
loss and OSDI (r = 0.187, P = 0.004) were found.

The ROC curves of non-invasive BUT, lipid layer thickness, 
meibomian gland loss, and tear osmolarity are shown in 
Figure 2. The AUC values showed that non-invasive BUT 
had the highest diagnostic power as a single parameter, 
followed by meibomian gland loss, tear osmolarity, and 
lipid layer thickness (Table 2).

A Venn diagram analysis was performed to show how the 
4 automated parameters might be able to differentiate 
patients with MGD from controls (Fig. 3). The cutoff value 
for each score was determined as the score whose corre-
coordinate (0,1). Cutoff values considered abnormal were 
non-invasive BUT #9.6 seconds, lipid layer thickness 
grade

#2, meibomian gland loss .20%, and tear osmolarity 
.303 mOsm/L. Non-invasive BUT showed a sensitivity of 
65.8% and a specificity of  63.0%;  meibomian gland  loss  
showed a sensitivity of 59.7% and a specificity of 61.1%; 
the lipid layer thickness grade  showed  a  sensitivity  of  
57.7%  and a specificity of 33.3%; and tear osmolarity 
showed a sensitiv- ity of 49.3% and a specificity of 53.7%.

The 2 parameters with the highest AUC (namely non-
invasive BUT and meibomian gland loss) were combined in 
parallel, and the diagnostic accuracy was calculated. When 
the diagnosis of MGD was made based on either non-
invasive BUT or meibomian gland loss being abnormal, the 
sensitivity was 86.2% and the specificity was 38.5%. When 
the diagnosis was made on both non-invasive BUT and 
meibo- mian gland loss being abnormal, the sensitivity 
was 39.3% and the specificity was 85.6%.

DISCUSSION

The accurate diagnosis and classification of dry eye 
are complicated by the heterogeneous nature of the 
disease and the variability of signs and symptoms.10 
Various diagnostic assessments have been proposed 
to qualitatively and quanti- tatively characterize the 
entire ocular surface system. How- ever, to date, 
no universally accepted diagnostic workup for the 
diagnosis of MGD has been established. Several tests 
used routinely in daily practice require direct contact 
with the eye and/or the use of eye drops. The resulting 
alteration of the tear film volume and composition may 
not only influence the measured variable itself but also 
have disruptive effects on the results of subsequent 
tests. In addition, some tests require the clinician’s 
judgment to reach a score and, therefore, are open to 
significant observer bias. Furthermore, measurements 
obtained using traditional tests are often affected by 
low values of repeatability and reproducibility.11

Recently, new automated non-invasive quantitative 
tests have been developed to overcome these drawbacks. 
They include, among others, tear film interferometry, 
noncontact meibography, and tear osmolarity. In 

FIGURE 3. Venn diagram analysis of both MGD and 
control groups. Cutoff values of non-invasive BUT, 
meibomian gland loss, lipid layer thickness, and tear 
osmolarity were determined from ROC curves.
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particular, interferom- etry is a technique that studies 
the surface reflection pattern and dynamics of the lipid 
layer of the tear film, thus allowing the measurement 
of the tear film stability and the thickness of the lipid 
layer.12 The measurement of BUT with a non-invasive 
technique eliminates the disturbance on the tear film 
caused by instillation  of  fluorescein  dye.13  Meibography  
allows  in vivo observation of the meibomian gland 
morphology;  the gland structural changes may be 
graded with different scoring systems.14,15 In addition, 
new digital software allows automated calculation of 
the total meibomian gland area in the lower and upper 
eyelids.16 Tear film osmolarity has been reported as the 
single best metric to diagnose and grade severity of dry 
eye.17 However, some authors questioned its clinical 
utility because of the high variability of measure- 
ments and the lack of correlation with dry eye signs and 
symptoms.18

In this study, we performed the diagnostic workup 
using automated non-invasive measurements of 
various ocular surface parameters in both patients 
with MGD and healthy controls. Non-invasive BUT 
was significantly shorter in the MGD group compared 
with the control group. This result is consistent with 
previous studies and confirms that MGD reduces the 
stability of the tear film.19,20 The ROC analysis showed 
that the non-invasive BUT was the parameter with the 
highest AUC, indicating that it has the highest power 
to differentiate between MGD and control patients. 
No associ- ation between the non-invasive BUT and 
OSDI was found, in disagreement with other authors.18 
However, this finding is not surprising because it is 
well known that ocular surface symptoms have low 
and inconsistent correlations with clinical signs, 
including both fluorescein tear and non-invasive BUT.21 
Meibomian gland loss was shown to be significantly 
higher in  patients  with  MGD  than  in controls. 
Moreover, a significant correlation between meibomian 
gland loss and OSDI was found, in accordance with 
previous studies.10,20,22 The ROC analysis indicated 
that the meibomian gland loss score was the second 
best parameter to differentiate patients with MGD from 
the normal population. Its high diagnostic accuracy and 
positive correlations with lid margin abnormal- ities 
and meibum quality and expressibility were previously 
demonstrated.19

Lipid layer thickness showed a significant correlation 
with non-invasive BUT but did not significantly differ 
between patients with MGD and controls. It should be 
also noted that lipid layer thickness showed inconsistent 
correla- tions with TBUT, ocular symptoms, and 
meibomian gland loss across different studies.10,23–26 
This finding may be related to several confounding 
factors potentially influencing its measure, such as 
the use of lipid-containing eye drops, the palpebral 
aperture, and the gaze position.26

Tear osmolarity did not significantly differ between 
patients with MGD and controls. Furthermore, it did 
not show any correlation with the other measured 
parameters. It was previously hypothesized that tear 
osmolarity may not be increased in patients with 
MGD because the disease alone may not be sufficient 
at overwhelming the homeostatic control in many 
patients.27 However, previous studies showed that 
there was increased variability attributable to errors 
in repeated measurements in both patients with 
dry eye and those with MGD compared with control 
participants, thus making the clinical interpretation of 
its measurements unclear.18,28

In this study, the non-invasive BUT and meibomian 
gland loss resulted in the tests with the highest 
diagnostic power; by combining the 2 tests in parallel, 
MGD may be strongly suspected when 1 of these 2 
tests is abnormal. However, it should be highlighted 
that these values are lower compared with the other 
traditional tests: for instance, Arita et al19 reached the 
diagnosis with a sensitivity of 84.9% and  a specificity 
of 96.7% using the combination of meibomian gland 
loss, lid margin abnormalities, and ocular symptoms. 
However, our automated ocular surface workup has 
several potential advantages: the techniques are non-
invasive, not altering the volume or the properties of the 
tear film, and the results of subsequent tests; they are 
examiner independent and may be easily performed as 
a screening tool by trained nonophthalmologist medical 
personnel, and they are more objective than clinician-
derived estimates, thus minimizing the risk of observer 
bias. In addition, the diagnostic power of the proposed 
workup could be further improved in clinical practice by 
incorporating  the  OSDI  score,  which  is  also  a   non-
invasive    measure    that    can    be    administered by 
nonophthalmologists.

In conclusion, the automated non-invasive ocular 
sur- face diagnostic workup  used  in  this  study  
may  represent a promising diagnostic tool for MGD 
diagnosis. Although no single test has proved able 
to reach the diagnosis with sufficient accuracy, MGD 
may be strongly suspected when one between non-
invasive BUT and meibography combined in parallel is 
abnormal. In case of positivity of either non- invasive 
BUT or meibomian gland loss, subsequent qualita- tive 
clinical tests should be performed to achieve a reliable 
diagnosis and more precise characterization of MGD.
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