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D
ry eye syndrome (DES) affects millions of people 
throughout the world and is one of the most frequent 
causes of patient visits to eye care practitioners. It is a 
symptomatic disease, characterized by a vicious cycle of 

tear film instability and hyperosmolarity, which leads to increased 
ocular surface inflammation, damage, and neurosensory abnormal-
ities.1 In most cases, DES can be successfully managed if diagnosed 
early and properly treated. For patients, DES can be relentlessly 
uncomfortable, leaving them to a lifetime of applying artificial 
tears (drops) and ointments daily for temporary relief of dry eye 
irritations. From a physician’s perspective, not having an accurate 
diagnosis of underlying conditions not only leads to superficial 
treatment protocols, and some guesswork, but also leaves a greater 
risk of undiagnosed DES, potentially causing vision loss.

Fortunately, today, diagnostic procedures to detect DES are 
evolving. To create an evidence-based definition and a con-
temporary DES classification system, experts of the 2017 Dry 
Eye Work Shop (DEWS II report) have redefined the diagnos-
tic methodology to include a comprehensive ocular surface 
examination specific for diagnosing DES (Figure 1).2 There are 
two phases of this methodology.

The first phase is to determine DES and homeostasis through 
one of three tests: Non-Invasive Break-Up Time (NIBUT), ocular 
surface staining, or osmolarity tests. Once this is complete, the 
second phase aims to determine the subtype of DES. For this, 
several different exams are required to identify an evapora-
tive form using interferometry and meibography or to identify 
aqueous deficiency using tear meniscus height.2

In order to provide a more accurate diagnosis of DES, and to 
determine the underlying deficiencies, the experts proposed 
the modification of two tests: the classic tear film break-up 
time using fluorescein eye drops3,4 and the Schirmer test.5,6

In tear film break-up time, the fluorescein dilutes the natural 
tears and logically modifies their physical proprieties providing 
an inaccurate tear film break-up time evaluation. To address this 
issue, it is now recommended to use dye-free imaging known as 
the NIBUT test (Figure 2).7,8 The Schirmer test uses paper strips 
inserted into the eye for approximately 5 minutes to determine 

the production of tears. One issue is that eye contact with the 
paper causes reflex tearing that can distort the test and provide 
an inaccurate reading. For more accurate readings, it is recom-
mended to use a noncontact imaging method measuring river 
height or if tear meniscus is present (Figure 3).

A New, Innovative Diagnostic Tool
With an aim to introduce a dye-free, noncontact method to 

diagnosing DES, a new ocular surface analyzer and medical imaging 
device–LacryDiag (Quantel Medical)–emerged. LacryDiag simulta-
neously conducts four essential, noncontact, dye-free exams of the 
ocular surface for the diagnosis and monitoring of DES: they are 
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Figure 1. Diagnostic methodology from DEWS II.2

Figure 2. NIBUT test. Figure 3. Noncontact tear meniscus.
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NIBUT, tear menis-
cus, interferometry, 
and meibography. 

Noncontact 
meibography is 
an imaging study 
for the purpose of 
observing the mor-
phology of meibo-
mian glands in real 

time.9 The meibomian glands in the eyelids secrete meibum, a 
lipid complex that forms the lipid layer of the tear film. The lipid 
layer prevents evaporation of aqueous tears and subsequent 
drying. Lipid deficiency due to meibomian gland dysfunction is 
the most common cause of symptoms associated with DES.10 A 
unique feature of the LacryDiag is the ability to classify various 
levels of meibomian gland dysfunction automatically (Figure 4).

Thanks to its yellow filter and blue light, LacryDiag can also 
perform ocular staining exams with fluorescein; blepharitis 
and demodex imaging can also be analyzed with this product.

Case Study
In the following case, a volunteer patient with previously 

diagnosed DES was examined using the LacryDiag. The device 
sequentially performed the following four, noncontact tests 
semi-automatically and produced a rapid, graphic representa-
tion (color coded) of all four tests (Figure 5). 

The Results of the Test Are as Follows:
1.	In this case, the height of the tear meniscus measurement 

was 0.18 mm in the right eye and 0.14 mm in the left eye. 
Measurement of the height of tear meniscus, which is 
a surrogate criterion for the tear volume, was achieved 
thanks to two calipers placed by the observer on the lacri-
mal river. The lacrimal river was discontinuous and thin.

2.	Interferometry detected an instable lipid layer of the tear 
film, shortly visible (1 or 2 seconds) due to severe tear defi-
ciency (≈ 30 nm: close meshwork for both eyes).

3.	Meibography by infrared imaging of meibomian glands and 
image analysis detected the glands were visible with a low loss, 
estimated at 14% in the right eye and 16% in the left eye.

4.	The NIBUT was measured at 3.3 seconds in the right eye 
and 6.8 seconds in the left eye.

Results
The four parameters were obtained on both eyes within 

10 minutes. From the exam report, we determined this patient’s 
DES was mainly due to aqueous deficiency without significant 
meibomian gland dysfunction. Enhancing our patient educa-
tion protocols, the graphical representation helped illustrate and 
explain the pathology to this patient. If needed, the device can 
also measure the classical BUT and corneal topography.

Conclusions
To the best of our knowledge, the LacryDiag is the first 

noncontact ocular surface analyzer and medical imaging 
device to perform the four necessary exams simultaneously to 
comprehensively detect and diagnose DES.  n 

E. COURRIER
n �Faculty of Medicine, Jean Monnet University, Corneal Graft Biology, Engineering and 

Imaging Laboratory, EA2521, St-Etienne, France
MC. TRONE
n �Faculty of Medicine, Jean Monnet University, Department of Ophthalmology, 

University Hospital, Saint-Etienne, France
D. RENAULT
n �Faculty of Medicine, Jean Monnet University, St-Etienne, France; Laboratoires Théa, 

Clermont-Ferrand, France
V. LAMBERT
n �Faculty of Medicine, Jean Monnet University, Department of Ophthalmology, 

University Hospital, Saint-Etienne, France 
S. LAZREG
n �Private clinic, Blida, Algeria 
G. THURET
n �Faculty of Medicine, Jean Monnet University, Department of Ophthalmology, 

University Hospital, Saint-Etienne, France; Institut Universitaire de France, Bd St 
Michel, Paris, France

P. GAIN
n �Faculty of Medicine, Jean Monnet University, Department of Ophthalmology, 

University Hospital, Saint-Etienne, France

Disclosures: None of the authors have relevant financial disclosures. 

1. Craig JP, Nelson JD, Azar DT, et al. TFOS DEWS II report executive summary. Ocul Surf. 2017;15(4):802-812.
2. Wolffsohn JS, Arita R, Chalmers R, et al. TFOS DEWS II diagnostic methodology report. Ocul Surf. 2017;15(3):539-574.
3. Lamble JW, Gilbert D, Ashford JJ. The break-up time of artificial pre-ocular films on the rabbit cornea. J Pharm Pharmacol. 
1976;28(5):450-451.
4. Stodtmeister R, Kessler KF, Schlörer J. Tear film break-up time with different stains. Klin Monbl Augenheilkd. 1983;183(2):110-114.
5. Schirmer O. Studien zur physiologie und pathologie der tränenabsonderung und tränenabfuhr. Graefe’s Archive for Clinical and 
Experimental Ophthalmology. 1903;56(2):197-291.
6. Cho P, Yap M. Schirmer test I. A review. Optom Vis Sci. 1993;70(2):152-156.
7. Mengher LS, Pandher KS, Bron AJ. Non-invasive tear film break-up time: sensitivity and specificity. Acta Ophthalmol (Copenh). 
1986;64(4):441-444.
8. Sweeney DF, Millar TJ, Raju SR. Tear film stability: a review. Exp Eye Res. 2013;117:28-38.
9. Wise RJ, Sobel RK, Allen RC. Continues performing steadily and effectively when challenged by tight deadlines, unscheduled 
disruptions, etc. Saudi J Ophthalmol. 2012;26(4):349-356.
10. Fogt JS, Kowalski MJ, King-Smith PE, et al. Tear lipid layer thickness with eye drops in meibomian gland dysfunction. Clin 
Ophthalmol. 2016;10:2237-2243. 

LacryDiag is a trademark of Quantel Medical. ©Quantel Medical 2019. All other brand/product names are the trademarks of 
their respective owners.

Figure 4. Meibography.

Figure 5. Exam report of case study patient.
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