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DEWS DRY EYE: DIAGNOSTIC TEST TEMPLATE
RAPPORTEUR Mark Willcox 10th Jan 2006
TEST Tear meniscus radius, height and cross sectional area
TO DIAGNOSE Aqueous tear deficiency (ATD). REFERENCES
VERSION [V 1] Meniscometry Yokoi Komuro 2004
DESCRIPTION A rotatable projection system with a target comprising black and white stripes
is projected onto the lower central tear film meniscus. Images are recorded and
transferred to computer in order to calculate radius of curvature
CONDUCT of 1. The subject is seated at a slit lamp
TEST 2. A rotatable projection system with a target comprising a series of black and white
stripes (4 black and 5 white; each 4mm wide), is introduced coaxially using a half-
silvered mirror
3. Images of the tear meniscus (of either or both eyes) are recorded with a digital video
recorder
4. Images are transferred to a computer and image analysis software used to calculate
the radius of curvature of the meniscus by applying the concave mirror formula
Web Video Not available
Materials: * Slit lamp Oguz et al 2000

* Rotatable projection system (see above) with half silvered mirror
* Digital video recorder plus TV monitor

¢ Computer plus software

¢ Colour printer

Variations of
technique

Several alternative methods have been published including:

1. Use of variable beam height on a slit lamp

2. Measurement and grading of meniscus integrity using slit lamp
3. Using a video slit lamp biomicroscope but no projected stripes
4. Measurement after instillation of fluorescein

Nichols et al 2004a

Cermak et al 2003
Glasson et al 2003

Farrell et al 2003
Oguz et al 2000

Standardisation

Assumed to be influenced by: Time of day [V] Temperature {V] Humidity [V]
Air speed [V] lllumination [V]

Repeatability

Intra-observer agreement. [ Not recorded for V1 - but poor in Nichols et al system]

Sensitivity Tear meniscus height: cut off of: < 0.18 mm Farrell et al 2003
(true positives) Farrell et al's technique = [72.8%]

Specificity (100 - false positives) Farrell’s technique = {66.6%)

Sensitivity Tear Meniscus Height: Small vol. fluorescein: Mainstone et al 1996
cut off < 0.35mm
(true positives) Mainstone et al = [93.3%]

Specificity (100 - false positives) Mainstone et al = [66.7% ]

Other Stats For V1 - significantly lower meniscus height in dry eye subjects. Plugging puncta Yokoi and Komuro

significantly increased meniscus height. Significant correlation between meniscus height
and Schirmer test

Cermak et al — significantly lower meniscus height in androgen insensitive female
subjects who demonstrated dry eyes

Farrell et al — significant decrease in dry eye subjects compared with controls; significant
increase in dry eye subjects with puncta occluded

Correlations noted between meniscus curvature and meniscus height in presence or
absence of fluorescein

Tear meniscus height and area reduced in subjects intolerant to contact lens wear
compared with tolerant subjects

Nichols et al (2004b) demonstrated lack of association between tear meniscus height
and symptoms of dry eye.

~ Oguz et al 2000

2004

Cermak et al 2003

Farrell et al 2003

Glasson et al 2003

Nichols et al 2004b

Test problems

Positioning of subject etc and use of specialized equipment

Forward Look

To adapt the V1 method for general use.
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APPENDIX 10 continued
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DEWS DRY EYE: DIAGNOSTIC TEST TEMPLATE
RAPPORTEUR Eiki Goto, MD 15th Mar 2006
TEST Tear film lipid layer interferometry
TO DIAGNOSE Aqueous tear deficient dry eye (ATD) or precorneal lipid tear deficiency. REFERENCES
VERSION [vé] Goto et al 2003
DESCRIPTION Superficial tear lipid layer is observed with tear interference camera. Interference images Korb and Greiner
are graded on dry eye severity or analyzed to quantify lipid layer thickness. 1994;
King-Smith etal 1999;
Yokoi et al 1996;
Mathers et al 1997;
Goto et al 2003
CONDUCT of 1. The subject is seated comfortably at the tear interference camera and the head Doane 1989; Korb
TEST positioned on the chin rest. and Greiner 1994,
2. With the eyes in normal blinking interference images are monitored. Yokoi et al 1996;
3. After a few seconds of blinking, when the interference image becomes stable, the Goto and Tseng 2003
image is captured. ﬁg:g :I :: 5882
4, Lipid layer thickness is estimated using a color comparison table (Korb and Greiner).
5. Interference images are semi-quantitatively graded on the pattem and color. (Yokoi et al)
6. In a kinetic analysis, interference images are recorded on a video over several natural
blink intervals for 30 seconds. In a representative blink interval, lipid spread time from
eye opening to the cessation of lipid movement is measured. (Goto and Tseng)
7. When image analysis is needed, the captured, still, interference image is analyzed by its
colour profile. Lipid layer thickness is quantified with the color chart system. (Goto et al)
Web Video Not available
Materials ¢ Tear interference camera (DR-1, Kowa, Nagoya, Japan), Dr. Korb's camera, Dr. Doane’s Yokoi et al 1996

camera or Tearscope (Keeler, Windsor) Goto and Tseng 2003
¢ Digital printer
* Hopefully PC for image capturing
Standardization | Time of day [V] Temperature [N] Humidity [V]
Air speed [V] lllumination [V] Other: [ blinking V]. Assumed to influence
Variations of V1, Tear lipid layer interference images were observed using devices such as Tearscope. Guillon 1992
technique V2, Lipid layer thickness was estimated using color comparison method. Korb and Greiner
V3, Images were captured using modified specular microscope and graded on dry eye 1994
severity in Sjogren syndrome. Danjo and Hamano
V4, Interference camera was sophisticated (DR-1, Kowa, Japan) and images were graded 1995
on dry eye severity. Yokoi et al 1996
V5, Kinetic analysis of interference images using DR-1 to measure lipid spread time. Tiffany et al 2001
V6, Precorneal lipid layer thickness was quantified using colorimetric system in DR-1. Goto and Tseng
V7, Lipid layer thickness topography was processed. 2003
Goto et al 2003
* Tear interference patterns on contact lens are also evaluated by Guillon or Maruyama. Goto et al 2004
Maruyama et al
2004
Diagnostic See references 4 and 5. Yokoi et al 1996
value Yokoi et al 1999

Repeatability

Intra-observer agreement. {+], V4 on grading and V5 on grading and Kinetic analysis
Inter-observer agreement. [-]

Yokoi et al 1996;
Yokoi et al 1999;
Goto and Tseng
2003; Goto and
Tseng 2003
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APPENDIX 11 continued

Test problems a. Colour intensity of interference images are influenced by the refractive indices of tear Goto et al 2003
lipid and aqueous layers and specular angle. King-Smith et al
b. Interference images are influenced by how to blink, thus to record the non-invasive 1999

status of the lipid layer, it is important for the subject to blink naturally.
c. Lipid quality could not be indicated by interferometry.

d. Amount of meibum secretion observed at lid margin does not always correlate with the
precorneal lipid layer thickness (a phenomenon, not a test problem)

Tiffany 1986

Test solutions a. Image analysis for lipid thickness quantification need to be developed more.

FORWARD a. ldentify cut-off for MGD, and ATD diagnosis.

LOOK b. Incorporate MGD diagnosis into diagnosis of evaporative dry eye or precorneal lipid
deficiency.

¢. Image analysis on raw interference image and quantification of lipid layer thickness in a
mapping form. Clinically useful index from mapping for comparison and stats.

Glossary ATD = Aqueous tear deficient dry eye
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DEW DRY EYE: DIAGNOSTIC TEST TEMPLATE

RAPPORTEUR Murat Dogru 24th Oct 2004

TEST Tear Stability Analyses System (TSAS)

TO DIAGNOSE Test used to diagnose —Tear Instability Kojima 2004
Refs: Goto 2004a,b

VERSION [TMS-2N] Kojima 2004

DESCRIPTION Noninvasive and objective test for tear film stability analysis

Study To compare the sensitivity and specificity of TSAS with the BUT (based on slit-lamp Goto 2004a

examination and use of fluorescein), 48 volunteers without any eye disease, surgery or
drug use within 1 year of study were recruited. See below.

CONDUCT of Subject seated in front of TMS-2N corneal topography unit.

TEST Subject asked not to blink for 10 seconds with test initiation

Device automatically captures corneal topograms each second for 11 consecutive
seconds, displayed as time plot curves of SRI, SAl, BUT area

Results of See study, above.

Study 42.5% (34 eyes) of the 80 eyes of the volunteers studied had a normal BUT and 57.5%
had an abnormal BUT. On the basis of the subjects’ dry eye symptoms such as FBS,
soreness, dryness etc, the sensitivity and specificity of the BUT were 75% and 60%
respectively. Among 34 eyes with a normal BUT, 11 (32.35%) were found to have an
abnormal TMS BUT. Of these eyes, 9 (81.8%) were from 6 subjects who had dry eye
symptoms in their questionnaires. On the basis of symptomatology, the sensitivity and
specificity of TMS BUT was 97.5 and 62.5% respectively. The difference of sensitivity
between SLE BUT and TMS BUT was significant; however, the difference in specificity was

not.
Web Video Not available
Materials TMS-2N corneal topography device

TSAS software( Tomey Inc)
Standardization | Time of day [V] Temperature [V] Humidity [V] Air speed [V] Illumination [V] . Assumed

to influence.
Sensitivity (true positives) [97.5% ] Goto 2004a
Specificity (100 — false positives) [62.5 % ]

Test problems Although the test appears to be a promising, non-invasive method to test tear stability, it is
not known whether the test is evaluating tear stability due to lipid layer or overall tear film
changes.

Only one study compares the test with the invasive fluorescein aided BUT measurement.
Normal values of this test and age-specific cut off values on a large set of subjects not yet
established.

Comparative studies with other invasive and non-invasive tests of tear stability do not exist
as yet.

Needs a corneal topography device and the software which makes it expensive compared
to fluorescein aided BUT testing.

Test solutions The above mentioned studies will prepare this test for general clinical prime time.

Forward Look The device is still being furnished with novel parameters such as BUT area. For dynamic
analyses of tear functions in dry eye syndromes and ocular surface disorders, | believe
that this new system is set to play an important role in the future.

Glossary TSAS: Tear Stability Analyses System

REFERENCES

Goto T, Zheng X, Okamoto S, Ohashi Y. Tear Film Stability Analysis System: Introducing a new application for videokeratography. Cormea 2004a
Nov;23(8):S65-S70

Goto T, Zheng X, Klyce SD, et al. Evaluation of the tear film stability after laser in situ keratomileusis using the tear film stability analysis system.
Am J Ophthalmol2004b Jan;137(1):116-20

Kojima T, Ishida R, Dogru M, et al. A new noninvasive tear stability analysis system for the assessment of dry eyes. Invest Ophthalmol Vis Sc2004
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* Tape Holder:(eg. NIDEK uitrasonographic probe holder.
* Laser Meibometer. Window size (2.5 x 5.0 mm2)

DEWS DRY EYE: DIAGNOSTIC TEST TEMPLATE
RAPPORTEUR John M. Tiffany 12th Nov 2004
TEST MEIBOMETRY
TO DIAGNOSE Meibomian Gland Dysfunction — (MGD) REFERENCES
VERSIONOf TEST | [ V1] Komuro et al 2002
DESCRIPTION Lipid on the lower central lid margin is blotted onto a plastic tape and the amount taken
up read by optical densitometry. This provides an indirect measure of the steady state
level of meibomian lipid.
CONDUCT of 1. The subject is seated, with the head resting comfortably at the slitlamp. Komuro et al 2002
TEST 2. With the eyes in upgaze, the right lower lid is drawn down lightly without pressure on the
tarsal plate.
3. A standard loop of plastic tape, held in an applanation or ultrasonography probe holder,
is applied to the central third of the everted lid margin for 3 seconds, at 0 mmHg
exerted pressure.
4. The tape is air dried for 3 minutes to allow tear evaporation if necessary.
5. The increase in transparency induced by the lipid blot, is read in the laser meibometer.
6. The Casual Lipid level (expressed as arbitrary optical density units) is calculated as (C-B),
where C is the casual reading, B is the reading from the untouched tape (background).
Video need Not available.
Materials ¢ Plastic tape: 8 mm wide (Courage and Khazaka, Koln)

Standardization

Time of day [ x ]
The level is highest in the first hour after waking, but thereafter settles to a constant level
through most of the day

Variations of
technique

In the original version, [V2 ] optical density was read using an adaptation of the Courage
and Khazaka sebumeter. A point reading was taken at the centre of the blot.

Other methods exist in which the blot is scanned and the increase in transparency is
integrated over the length of the blot . The springlip holding the loop of tape can be
mounted with wax, modeling clay or “Blu-Tack” to the end of a thin wooden rod (eg, a
bamboo kitchen skewer) held upright by a lump of wax to the ultrasonography mounting-
plate; this also exerts zero pressure on the eyelid.

After blotting, the loop is opened and attached to a highly-reflective surface (mirror or
polished metal) for scanning.

Chew et al 1993a,b

Yokoi et al 1999

Test problems

a. In normal subjects the lipid blot is uniform and results can be extrapolated to the total
lid length.
In MGD, focal gland obstruction may vary along the lid length so that central readings
may not truly reflect the overall picture.

b. Calibrations and assumptions are required to convert raw densitometry readings into
meibomian lipid equivalent values.

Test solutions

a. Measurement should be made along the whole of the lower lid length in order to reflect
variation in MGD. ‘

b. If the scanning method is used, either a maximally-wide or a very narrow area across
the blot should be integrated, to give either an averaged reading including regions with
non-functional glands, or a reading only from a selected area of full blotting.

Forward Look

a. Develop a system to integrate lipid along full lid length.
b. Identify cut-off for MGD diagnosis.
c. Incorporate MGD diagnosis into diagnosis of evaporative dry eye.

Glossary

MGD: Meibomian gland dysfunction

REFERENCES
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DEWS DRY EYE: DIAGNOSTIC TEST TEMPLATE
RAPPORTEUR Gary N. Foulks 19th Oct 04
TEST MEIBOGRAPHY/MEIBOSCOPY REFERENCES
TO DIAGNOSE Meibomian gland morphology and density and drop out. Robin et al 1985
Diagnosis of Meibomian gland dysfunction (MGD) Jester et al 1982
VERSION Vi ] reference 1 above
DESCRIPTION Meiboscopy is the visualization of the meibomian gland by transillumination of the eyelid. Mathers et al 1994
Meibography implies photographic documentation
CONDUCT of Meiboscopy: The most basic version uses white light from a Finoff transilluminator. This
TEST is applied to the cutaneous side of the everted eyelid and allows observation from the
conjunctival surface The presence and morphology of the glands can be observed and
gland loss, or “drop out” quantified.
Meibography is the photographic documentation of the image of the gland under
such illumination. Variations on the theme include the use of infrared photography or
videophotography.
Web Video Not available
Materials ¢ Finoff head light, slit lamp biomicroscope

e (variation: infrared light source and sensor; videography)

Variations of 1) infrared photography 2) videography Pflugfelder 1998
technique Variations in scoring systems. Shimazaki 1998
Yokoi 2007

Standardization

lllumination [V ]

Diagnostic This version : [x] Most reliable test in patients with ectodermal dysplasia syndrome Kaercher et al 2004
value Other version: [ ]
Other Stats Greatest value is determining presence or absence of gland. Morphologica! variations,

while interesting, are more difficult to quantify.

Test problems

The limitation is the subjective nature of the observation.

Test solutions

An improvement could be standardized photographs as reference.

Forward Look

Improved photographic documentation.

Glossary

MGD: Meibomian gland dysfunction

REFERENCES
Kaercher R. Ocular symptoms and signs in patients with ectoderma! dysplasia symdromes. Grafes Arch Clin Exp Ophthalmol2004;495-500

Jester JV, Rife L, Luttrull JK, et al. In vivo biomcroscopy and photography of meibomian glands in a rabbit model of meibomian gland dysfunction.
Invest Ophthalmol Vis Sci1982;22:660-7

Mathers WD, Daley T, Verdick R. Video imaging of the meibomian gland. Arch Ophthalmol 1994,;112:448-9

Pflugfelder SC, Tseng SC, et al. Evaluation of subjective assessments and objective diagnostic tests for diagnosing tear-film disorders known to
cause ocular irritation. Cornea 1998;17(1):38-56

Robin JB, Jester JV, Nobe J, et al. In vivo transillumination biomicroscopy and photography of meibomian gland dysfunction. Ophthalmology
1985;92:1423-6

Shimazaki J, Goto E, et al. Meibomian gland dysfunction in patients with Sjogren syndrome. Ophthalmology 1998;105(8):1485-8

Yokoi N, Komuro A, Yamada H, et al. A newly developed video-meibography system featuring a newly designed probe. Jpn J Ophthalmol2007; 51
536
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DEWS DRY EYE: DIAGNOSTIC TEST TEMPLATE
RAPPORTEUR Kazuo Tsubota 14th Dec 2004
TEST Brush Cytology Technique
TO DIAGNOSE A variety of ocular surface diseases REFERENCES
VERSION (1}
DESCRIPTION Brush cytology is the technique which collects conjunctival epithelial samples from the Tsubota 1990 (a)
patient, clinically. This method is different from impression cytology in that brush cytology | Tsubota 1990 (b)
can obtain basal cells as well as superficial cells. Tsubota, 1991
Fukagawa 1993
Fujihara 1997
Miyoshi 2001
Takano 2004
CONDUCT of Brushing cytology of the conjunctiva is a moderately invasive but can provide a valuable
TEST snapshot of the surface of the eye to evaluate many conjunctival conditions.

Video needed

Not available

Materials

¢ Small Brush (Teikokuzouki Pty. Ltd., Japan),
* Hank’s buffered solution,
e Millipore filter (Millipore Corp., Bedford, MA)

Standardization

The strength of the pressure applied to the conjunctiva by brush should be moderate.

Diagnostic
value

This version is useful to evaluate: 1) squamous metaplasia, 2) detecting inflammatory
cells, 3) expression of several surface markers on the ocular surface epithelium.

Tsubota 1990 (b)

Test problems

The procedure is slightly invasive to the patient as the cells are detached from the ocular
surface

Test solutions

Use a very soft brush (do not use a rough brush)

Forward Look

Since more than 100,000 cells are obtained using brush cytology, this is a very good
technique to see molecular expression by each cell. Thus this technique, combined with
flow cytometry can give us more detailed information about events at the ocular surface at
the cellular level.

REFERENCES

Fukagawa K, Shimmura S, Shimazaki J, et al. Histological evaluation of brush cytology of rabbit conjunctiva. Nippon Ganka Gakkai Zasshi
1993;97:1173-8. Japanese

Fujihara T, Takeuchi T, Saito K, et al. Evaluation of human conjunctival epithelium by a combination of brush cytology and flow cytometry: an ap
proach to the guantitative technique. Diagn Cytopatho/1997;17:456-60

Miyoshi T, Fukagawa K, Shimmura S, et al. Interleukin-8 concentrations in conjunctival epithelium brush cytology samples correlate with neutrophil,
eosinophil infiltration, and corneal damage. Cornea 2001;20:743-7

Takano Y, Fukagawa K, Dogru M, et al. Inflammatory cells in brush cytology samples correlate with the severity of corneal lesions in atopic kerato
conjunctivitis. Br J Ophthalmol2004,88:1504-5

Tsubota K, Ugajin S, Hasegawa T, Kajiwara K. Brush cytology for the evaluation of dryéye. Nippon Ganka Gakkai Zasshil990 a ;94:224-30. Japa
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Cornea 1991;10:525-31
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DEWS DRY EYE: DIAGNOSTIC TEST TEMPLATE

RAPPORTEUR Christophe Baudouin 7th Nov 2004
TEST Flow cytometry in impression cytology

TO DIAGNOSE Conjunctival inflammation / apoptosis REFERENCES

VERSION of TEST

v1]
[V2] Also available: Brush cytology for cell collection before flow cytometry
procedures (Fujihara et al., 1997).

Baudouin et al 1997
Fujihara et al 1997

DESCRIPTION

This technique is highly sensitive and specific for analyzing expression of any marker
by conjunctival epithelial cells, or identification of inflammatory and goblet cells.
HLA-DR normally not or weakly expressed. Strongly overexpressed in case of ocular
surface inflammation

NATURE of STUDY

Technique specially relevant in dry eye, allergy or assessment of antiglaucoma
eyedrops

Brignole et al 2000,
2001

CONDUCT of TEST

1. Without or under topical anesthesia with one drop of 0.04% oxibuprocaine, one or
more filters, 13 x 6.5 mm in size, are gently applied to the conjunctival surface.

2. After removal, the membranes are dipped into tubes containing 0.05%
paraformaldehyde. The tubes have to be kept at 4°C before and after impression
collection in order to avoid sample degradation during the phase of fixation.
Under this condition the filters with the conjunctival specimens can be stored
several days and sent to the laboratory in cold-conditioned containers before
being processed for flow cytometry analyses.

3. Cell extraction is manually conducted by gentle agitation. After centrifugation in
PBS, conjunctival cells are then immunostained and analyzed by flow cytometry.

4. Indirect or direct immunofiuorescence procedures may be used. Simple or
multi-color analysis can be performed commonly using 2 to 4 antibodies
conjugated with different fluorochromes. A nonimmune isotype-matched mouse
immunoglobulin has to be used as a negative isotypic control, fluorochrome-
conjugated or not, according to direct or indirect immunofiuorescence procedure.

5. At the end of incubation with specific antibodies, cells are centrifuged in PBS
(1600 rpm, 5 minutes), resuspended in PBS and analysed on a flow cytometer.
Intracytoplasmic markers can also be detected by using specific permeabilization
techniques, such as 0.5% saponin, X100 triton X or ethanol.

6. Many markers available giving relevant information on ocular surface disorders;
HLA DR expression by epithelial cells, gold standard for inflammatory
assessment

Brignole et al 2004

Web Video

Not available

Materials

1. Polyethersulfone filters (Supor®, Gelman Sciences Ann Arbor, MI, USA), 13 mm in
diameter with pores of 0.20 um

2. Paraformaldehyde freshly prepared and preserved at 4°C, monoclonal antibodies
and material for immunostaining

3. Flow cytometer

Variations of
technique

[V2] Brush cytology for cell collection before flow cytometry procedures.

Fujihara et al 1997

Diagnostic value

This version : [V]

HLA DR inferior to 45% of positive cells and 18,000 MESF (molecular equivalent of
soluble fluorochrome) in normal eyes. Widely above these values in inflammatory
ocular surface disorders

Please cite statistics indicating the diagnostic value of the test.

Brignole et al 2004

Repeatability

Standardized technique reliable over time and from one laboratory to another

Test problems

This procedure is highly technical and requires a laboratory equipped with a flow
cytometer and a staff familiar with immunostaining processing and flow cytometry
analysis on paucicellular specimens

FORWARD LOOK

Many markers for a large variety of applications have yet to be tested with further
improvement of pathophysiological knowledge of ocular surface diseases

Glossary

HLA-DR: Major leukocyte antigen, human histocompatibility complex, class Il cell

surface receptor
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APPENDIX 16 continued
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treatment with topical cyclosporin A. Invest Ophthalmol Vis SciA2:90-95

Brignole F, Ott AC, Warnet JM, Baudouin C. (2004) Flow cytometry in conjunctival impression cytology: a new tool for exploring ocular surface
pathologies. Exp Eye Res 78:473-481

Fujihara T, Takeuchi T, Saito K, et al. (1997) Evaluation of human conjunctival epithelium by a combination of brush cytology and flow cytometry: an
approach to the quantitative technique. Diagn Cytopathol17:456-460

Pisella PJ, Brignole F, Debbasch C, et al. (2000) Flow cytometric analysis of conjunctival epithelium in ocular rosacea and keratoconjunctivitis
sicca. Ophthalmology 107:1841-1849

Pisella, PJ, Debbasch C, Hamard P et al. (2004) Conjunctival proinflammatory and proapoptotic effects of latanoprost, preserved timolol and
unpreserved timolol: an ex vivo and in vitro study. /nvest Ophthalmol Vis Sci45:1360-1368
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e clean microscope slides [ ]
¢ light microscope (Phase contrast useful but not necessary)

DEWS DRY EYE: DIAGNOSTIC TEST TEMPLATE
RAPPORTEUR Maurizio Rolando 1st Nov 2004
11th Jan 2006
TEST Ferning Test (TFT) REFERENCES
TO DIAGNOSE Quality of tears (electrolyte concentration), KCS, Hyperosmolarity
VERSION of {v1] Tear ferning test (tear collection by rod) Rolando 1984
TEST (V2] Tear collection by glass capillary) Norn 1994
DESCRIPTION A drop of tears is colliected from the lower meniscus and dropped onto a microscope slide | Golding et al 1994
and allowed to dry by evaporation. Different forms of branching crystallization patterns can | Rolando 1986-1988
be observed anq classified. T_he tear ferning test permits separation of normal from dry Pearce, Tomlinson
eyes on the basis of the ferning patterns. 2000
CONDUCT of 1. The subject is seated, with the head resting comfortably, in a dim light. Rolando 1984-1986
TEST 2. With the eyes in upgaze, by means of a micropipette, nearly 1 microliter of tears is
collected by capillarity from the lacrimal river of the lower meniscus.
3. The fluid is then dropped onto a microscope slide and exposed to evaporation at 20
+3 C° for 10 minutes
4. The sample is then observed under a microscope at x 100-400 enlargement (better
visibility is achieved with phase contrast microscopy)
5. The patterns of crystallization (ferning) are classified in 4 classes: Type 1: uniform
large arborization, Type 2: ferning abundant but of smaller size; Type 3: partially present
incomplete ferning; Type 4: no ferning.
Types 1 & 2 are reported to be normal and Types 3 & 4 reported to be abnormal
Web Video Not available
Materials e capillary glass

Standardization

Time of day: [any] Temperature: [20-28°C] Humidity: [high humidity slows down the
time of appearance of the ferns] Air speed: [the effect of excessive air speed has not
been studied but increasing the evaporation rate could affect the pattern of ferning].
lllumination: [the level of illumination seems irrelevant in the development of ferning
patterns once the sample has been collected and dropped]

Other: [Avoid excessive light and lid margin contact in order to decrease reflex tearing.]

Variations of

In the original version, [V1 ] tear collection was acheived by capillary attraction by means

Norn 1994

prognostic value 86.6%

technique of a 0.5 mm rod loop placed in contact with tears pooled in the lower fornix of the cul

de sac The second version uses a capillary tube in contact with the fluid of the lower

meniscus. This increases reproducibility, with a coefficient of variation of 6.4%.
Diagnostic This version: [ ] Other version: [ 2] Albach et al 1994
value

Repeatability

Intra-observer agreement. [Intraobserver agreement of 94.50% (kappa = 0.76; Cl = 0.67-
0.86). -]

Inter-observer agreement. [Interobserver agreement 92.10% (kappa = 0.65; Cl = 0.56-
0.75]

Pensyl and Diliehay
1998

75% specificity
[Cut off: Type Ill or worse according to the previously reported classification 6-71]
92% sensitivity
83% specificity
[Cut off: Type Ill or worse according to the previously reported classification 6-7]

Sensitivity (true positives) [ 82.2%] Albach et al 1994
[Cut off: Type Il or worse according to the previously reported classification 6-7)

Specificity (100 - false positives) [92.5% ] Albach et al 1994

Other Stats 94% sensitivity Norn 1994

Rolando 1986

82

THE OCULAR SURFACE / 20074 4R, #5%, #2% / www.theocularsurface.com

continued




DEWS 2 h ik

APPENDIX 17 continued

Test problems Care should be taken not to elicit reflex tearing during collections
Light microscopy is often unavailable in the office.

In spite of a good clinical ability of separating normal from dry eyes, the real meaning of
the results is not known

[Test affected by extreme conditions of temperature and humidity]

Forward Look It would be interesting to explore the correlation between the patterns of crystallization
(test types | to IV) and the level of tear film osmolarity
Glossary TFT: Tear ferning test
REFERENCES

Albach KA, Lauer M, Stolze HH. Diagnosis of keratoconjunctivitis sicca in rheumatoid arthritis. The value of various tests Ophthalmologe 1994
Apr;91(2):229-34

Golding TR, Baker AT, Rechberger J, Brennan NA. X-ray and scanning electron microscopic analysis of the structural composition of tear ferns.
Cornea 1994 Jan;13(1):58-66

Norn M. Quantitative tear ferning. Clinical investigations. Acta Ophthalmol (Copenh)1994 Jun;72(3):369-72

Pearce El, Tomlinson A. Spatial location studies on the chemical composition of human tear ferns. Ophthalmic Physiol Opt2000 Jul;20(4):306-13

Pensyl CD, Dillehay SM. The repeatability of tear mucus ferning grading. Optom Vis Sci1998 Aug;75(8):600-4

Rolando M. Tear mucus ferning test in normal and keratoconjunctivitis sicca eyes. Chibret Int J Ophthalmol1984;2(4):32-41

Rolando M, Baldi F, Calabria G. Tear mucus ferning test in keratoconjunctivitis sicca. In: Holly FJ, Lamberts DW, MacKeen DL (eds.): The preocular
tear film in health, disease, and contact lens wear. 1st Intern Tear Film Symposium. Lubbok (Texas, USA), Dry Eye Institute, 1986, 203-210

Rolando M, Baldi F, Zingirian M. The effect of hyperosmolarity on tear mucus ferning. Fortschr Ophthalmol1986;83:644-646
Rolando M, Baldi F, Calabria G. Tear mucus crystallization in children with cystic fibrosis. Ophthalmologica1988;197(4):202-6
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DEWS DRY EYE: DIAGNOSTIC TEST TEMPLATE
RAPPORTEUR Mark B. Abelson and George W. Ousler IlI 5th Nov 2004
TEST Ocular Protection Index (OP1) Ousler et al 2002

TO DIAGNOSE Ocular Surface Protection
Risk of ocular surface damage

VERSION V1)

DESCRIPTION The principle of the test is that when the tear film break up time (TFBUT) is shorter than the | Ousler et al 2002
blink interval (IBl), the eyes are exposed to the risk of focal ocular surface damage.

The Ocular Protection Index (OPI) is the ratio of the TFBUT and 1Bl (TFBUT/!BI).

If the OPI score is < 1, then a patient’s cornea is at risk of exposure and if the OPI score is
21, it’s not.

General note When studying the relationship between TFBUT and the inter-blink interval (1Bl = time between
complete blinks), it may be suggested that their interaction assists in regulating the integrity of
an ocular surface. For example, the ocular surface is protected when the TFBUT either matches
or exceeds than the IBI. In contrast, the surface is unprotected surface when the TFBUT is less
than the IBI. This relationship can be clinically relevant since repeated, intermittent exposures
of a tear film deficient cornea lead to symptoms and signs such as keratitis and redness.

An index known as the Ocular Protection Index (OPl) can be used to quantify the interaction
between the IBl and TFBUT. The OPI is calculated by dividing TFBUT by the IBI. If the OPI score
is < 1, a patient’'s cornea is at risk for exposure, and if the OPI score is 2 1, it's not. This
approach to measuring alterations in TFBUT has proven to be useful in assessing factors
that cause dry eye and evaluating therapies.

CONDUCT of 1. Complete a visual count of the number of blinks per minute while your patient reads the | Ousler et al 2002
TEST ETDRS chart;

2. Calculate IBI = 60 divided by the number of blinks per minute;
3. Measure TFBUT;
4. Divide TFBUT by the IBI to determine OPI score —

Ocular Protection Index (OPI)

TFBUT
1Bl

Tear Protected Minimized Signs /
TEBUT 2181 ::\J> Ocular Surface |I:|J> Symptoms.

OPI > 1 =favorable

Unprotected Exacerbated Signs /
TFBUT <18l I|:|'> Ocular Surface I|:> Symptoms

QP <1 =unfavorable

OPl =

Web Video Not available

Materials Blink Rate Recorder —
e ETDRS chart or standard visual task;
TFBUT Measurement —

¢ Non-preserved, 2% sodium fluorescein; See TFBUT template
¢ Micro-pipette; for details of TFBUT
e OrD.E.T. strip. test
Standardization | Time of day [V] Temperature [¥] Humidity [V] Air speed [V] lllumination [V]
Diagnostic OPI Score > 1 = protected ocular surface Qusler et al 2002
value OPI Score < 1 = unprotected ocular surface Abelson et al 2002
Glossary OPI = Ocular Protection Index:

TFBUT =Tear film break-up time:
IB! = Inter-blink Interval:

REFERENCES

Ousler GW, Emory TB, Welch D, Abelson MB. Factors that influence the interblink interval (IBI) as measured by the ocular protection index (OPI).
(Poster presentation) ARVO 2002:www.arvo.org

Nally L, Ousler G, Abelson M. Ocular discomfort and tear film break-up time in dry eye patients: A correlation. Invest Ophthalmol Vis Sc2000;41:4:1436

Abelson M, Ousler G, Nally L. Alternate reference values for tear film break-up time in normal and dry eye populations. Lacrimal Gland, Tear Film,
and Dry Eye Syndromes 3 Part B. Adv Exp Med Biol2002; 506:1121-1125

Abelson M, Ousler G, Emory T. Dry eye syndrome: diagnosis, clinical trials, and pharmaceutical treatment—‘improving clinical trials’. Lacrimal
Gland, Tear Film, and Dry Eye Syndromes 3 Part B. Adv Exp Med Biol2002; 506:1079-86
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DEW DRY EYE DIAGNOSTIC TEST TEMPLATE

RAPPORTEUR Alan Tomlinson 10th Jan 2006
TEST Fluorophotometry (Fluorimetry) — Tear Flow

DIAGNOSES Changes in tear flow in aqueous tear deficiency (ATD). REFERENCES
VERSIONOf TEST | [Version 1] Scanning automated fluorophotometry (Fluorotron Master, Coherent Inc, Palo, Atto, CA)

DESCRIPTION To calculate tear flow from measurements of tear volume and turnover.

CONDUCT of Tear Turnover Rate Kuppens 1992
TEST 1) Subject is seated at the chin rest of the Fluorotron (with the anterior segment adapter fitted). Van Best 1995

Horizontal and vertical adjustments are made to align the subject’s eye in the instrument’s
optic beam.

2) Three scans are conducted to establish the intrinsic corneal autofluorescence.

3) A 1 pl drop of 2% sodium fluorescein is instilled into the lower fornix with a pipette.

4) Initial scans are taken 1 minute post instillation, then at 2 minute intervals for a further 20 minutes.

5) The intrinsic corneal autofluorescence value is substracted from all values obtained from tear
film fluorescence, prior to data analysis.

6) Fluoroscein concentration at each time point is calculated from the Fluorotron scans obtained at
all time points beyond 4 minute post instillation, to avoid initial reflex tearing caused by instillation.

7) The decay in fluorescence is calculated from the log of the curve obtained from the formula:

Tolte) = 100 [Cty) — Cite+1]  ( %/min)

Cilto)

Where Ct(t) = fluorescein concentration in tear film at time t(min).

Assuming a monophasic decay of fluorescence from 5 mins post instillation with a decay time
constant B (min-1):
C{t) = C,(0).eP (ng/mi)
the following is obtained:
T{to) = 100 (1 - efy ( %/min)

This calculation can be carried out using the software package ANT_SEGMENT tear.

Tear Volume

1) Subject is seated at the chin rest of the Fluorotron (with the anterior segment adapter fitted).
Horizontal and vertical adjustments are made to align the subject’s eye in the instrument’s
optic beam.

2) Three scans are conducted to establish the intrinsic corneal autofluorescence.

3) One pl of 2% sodium fiuorescein is instilled into the lower fornix with a pipette.

4) Initial scans are taken 1 minute post instillation, then at 1 minute intervals for a further 4 minutes.

5) The intrinsic corneal autofluorescence value is substracted from all values obtained from tear
film fluorescence, prior to data analysis.

6) Fluorescein concentration at each time point is calculated from all the Fluorotron scans obtained.

7) The decay in fluorescence is calculated from the log of the curve obtained from the formula:

Tolty) = 100 [Cfte) - Cilto+1] { %/min)
Ci(to)

Where C({t) = fluorescein concentration in tear film at time t(min).

Assuming a monophasic decay of fluorescence from 5 mins post instillation with a decay time
constant B (min-1):

C(t) = C,(0).eM (ng/ml)
the following is obtained:

Tdty) =100 (1 —eP)  ( %/min)

This calculation can be carried out using the software package ANT_SEGMENT tear.

Van Best 1995

Kuppens 1992

Van Best 1995

Kuppens 1992

Tear volume is then calculated from: Mishima 1965
V, = (C4.Ct.k1-1) V,

Where

C, = fluorescein concentration in the drop

C., = initial fluoroscein concentration calculated by back extrapolation with the Fluorotron in ng/mi

k = correction factor (k = 250) for the limited spatial resolution of the Fluorotron and

V, = drop volume in ml
Calculation of tear flow:

Tear flow =V, ( pl/min)
Tolto)
continued

THE OCULAR SURFACE / 2007440, $5%, #2%5 / www.theocularsurface.com

85



DEWS i

APPENDIX 19 continued

Web Video

Not available

Materials

Fluorotron Master

2% sodium fluorescein Mimims (Chauvin, UK)

Air displacement pipette P2 Pipetman (Gilson, Villiers-le-Bel, France)
Disposable sterile tips (Gilson, Villiers-le-Bel, France)

Variations of
technique

Varying concentrations and instillation volumes of fluorescein can be used, eg, 1% and 0.5
-2 ul.

Standardization

Time of day [X] Temperature[ ] Humidity[ } Airspeed [still] Illumination [low ambient]
Other: [Blink is initiated immediately prior to scan to ensure uniform tear thickness]

Pearce et al 2000

Diagnostic
value

This version: [ ] Determination of tear flow an indication of aqueous tear deficiency. To
obtain estimate of tear drainage from eye.
Other version: [ ]

Mathers, Daley
1996

Mathers et al 1996
Gobbels et al 1992

Repeatability

Intra-observer variation. [Not significant]
Inter-observer variation. [Not significant]

Mishima et al 1966
Van Best 1995

Test problems

High cost of basic equipment.

Time required for measurement.

Indirect (surrogate) measures of tear outflow and volume as it is assumed that fluorescein
and aqueous tear are eliminated at the same rate from the eye.

Absorption of fluorescein into the ocular tissue may be a factor in dry eye patients and
may decrease apparent rate of decay.

Test solutions

Use of high molecular weight conjugates.

McNamaraet al 1998

Forward Look Production of a cheaper automated scanning fluorophotometer. Pearce et al 2000
Development of reduced test incorporating 6 measurements for total of 10 minutes (tear
turnover).
Combination of tear flow (ul/min) with evaporation rate (ul/min) gives a value of “total
tear flow” in the eye and an estimate of total tear production. This allows analysis of the Mathers, Daley 1996
proportion of tears eliminated by evaporation and/or drainage in various forms of dry eye. Mathers 2004
REFERENCES

Gobbels M, Goebels G, et al. Tear secretion in dry eyes as assessed by objective fluorophotometry. Ger J Ophthalmol1992; 1:350-353

Kuppens EV, Stolwijk TR, et al. Basal tear turnover and topical timolol in glaucoma patients and healthy controls by Fluorophotometry. Invest Oph
thalmolVis Sci 1992; 33:3442-3448

Mishima S. Some physiological aspects of the precomeal tear film. Arch Ophthalmol 1965,73:233-241

Mishima S, et al. Determination of tear volume and tear flow. Invest Ophthalmol1966; 5:264-275

Mathers WD, Daley TE. Tear film and evaporation in patients with and without dry eye. Ophthalmology 1996; 103:664-669
Mathers WD, Lane J, Zimmerman M. Tear film changes associated with normal aging. Cornea 1996; 15:229-334
Mathers WD. Evaporation from the ocular surface. Exp Eye Res2004; 78:389-394

Van Best JA, et al. Measurement of basal tear turnover using a standardised protocol. Graefe’s Arch Clin Exp Ophthalmon995; 233:1-7
McNamara NA, et al. Fluorometry in contact lens research: The next step. Optom Vis Sci1998; 75:316-322
Pearce El, Keenan BP, McRory C. An improved fluorophotometric method for tear turnover assessment. Optom Vis S¢i2001; 78:30-36
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e Each pouch contains 4 sterile, single-use, fluorescein-coated tear-strips together with a
calibrated colour scale for reference.

¢ A ruled measurement scale is printed on the envelope, together with
* anomogram and
* a set of instructions

The kit, containing the prepared strips, together with instructions and calibrated measuring
scale and colour scale are provided by the Dept. Clinical Engineering of the Royal Liverpool
University Hospital, Prescot Street Liverpool L7 8XP For further information:

Email: TFi@clineng-liverpool-nhs.com

DEW DRY EYE: DIAGNOSTIC TEST TEMPLATE
RAPPORTEUR Stephen Kaye 18th April 2006
TEST Tear Function Index (Liverpool modification)
Email: TR@clineng-liverpool-nhs.com
TO DIAGNOSE To evaluate the tear dynamics of production and drainage and detect subjects suffering Ono et al 1991
from dry eye Xu et al 1995(a)
Xu et al 1995(b)
Kaye et al 2001
VERSIONof TEST | The test is a modification of that described by Xu et al. (1995) and depends on using Kaye et al 2001
prepared filter paper strips containing fluorescein. The test has been designed to allow
direct measurement of the TFl using prepared tear strips.
DESCRIPTION TFl is the quotient of the Schirmer test value and the Tear clearance rate (TCR).
CONDUCT of A fluorescein-coated tear strip is placed over the lower lid margin at the junction of the
TEST middle and lateral third of the lid.
1. The eye is closed and the strip is left in place for 3 minutes
2. On removal, the distance from the strip notch to the wetted dye front is recorded, using
the scale provided.
3. The strip is air dried and
4. The intensity of staining is compared with that of the calibrated panel of dilutions,
(ranging from 1:1 to 1:128), to determine the TCR.
5. The TFl is defined as the quotient of the Schirmer test and the TCR.
Web Video Not available
Materials * The standard kit provides a cardboard envelope, containing a docket with 4 see-through pouches.

Variations of
technique

TFl as described by Xu et al (1995)

Standardization

The procedure is standardised. Strips are calibrated for use in each pack.

Diagnostic value

Identification of subjects suffering from aqueous tear deficiency, for instance in Sjégrens
syndrome.

Sensitivity A TFI of less than 40 is 100% sensitive for patients with SS dry eye Kaye et al 2001

Specificity Patients with Sjdgren’s syndrome have a TFl upper 95% confidence interval of 15 (12 if Kaye et al 2001
anaesthetic has been used)

Other Stats Less inter-ocular difference and less variability than the original method Kaye et al 2001

Test problems

As with the Schirmer’s test, it is uncomfortable. Also, staining of the ocular surface at the
sites of strip contact with the conjunctiva occur after using fluorescein or Rose Bengal.

FORWARD Performing the TFl using prepared filter paper strips with the matched colour dilution
LOOK is very sensitive for detecting patients with SS dry eye. The test can be used by non-
ophthalmically trained personel. Subjects with a TFI of less than 40 can then be referred
for an ophthalmic assessment.
Glossary TFI: Tear function index
REFERENCES

Kaye SB, Sims G, Willoughby C, et al. Modification of the tear function index and its use in the diagnosis of Sjégren’s syndrome. 8r J Ophthalmol

2001,;85;193-199

Ono M, Yoshino K, Ogawa Y, et al. Tear clearance rate in normal and dry eye patients. Invest Opthalmol Vis Sci (Supp/l1991;32:1113
Xu KP Yagi Y, Toda 1, Tsubota K. Tear Function Index. A new measure of dry eye. Arch Ophthalmol 1995a;113:84-88

Xu KP Tsubota K. Correlation of tear clearance rate and fluorophotometric assessment of tear turnover. Br J Ophthalmol 1995b;79:1042-1045
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Table 1. Attributes of well-designed clinical trial

1. Formulation of a concise and specific study question
. Specification of a primary outcome measure
. Statistical estimation of the necessary sample-size

. Specification of the length of follow-up and specific
schedule for baseline and follow-up evaluations

. Selection of the study population

. Definition of the primary outcome measure

. Random allocation of the intervention(s)/treatment(s)

. Strategies for maintenance of compliance with the
allocated intervention(s)/treatment(s), and for the
achievement of high and balanced rates of follow-up
9. Establishment of an organizational and decision-making

structure

10. Specification of procedures for intake of data and for

patient safety monitoring
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Table 2. Inclusion criteria for clinical trial

1. Subjects must be capable of providing informed con-
sent.

2. Subjects must be able to comply with the protocol.

3. Disease severity must be sufficient to demonstrate a
statistically significant and clinically meaningful effect
of therapy.

4. Specific diagnostic criteria must be defined to ensure
homogeneity of disease status, which can lead to a
more precise study.

5. Subjects must be capable of responding to the pro-
posed mechanism of action of the intervention to be
studied
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Table 3. Exclusion criteria for clinical trial

1. Subjects have concurrent disease that could confound
the response to therapy.

2. Subjects are unlikely to comply with the protocol or
likely to be lost to follow-up.

3. Subjects have known hypersensitivity or intolerance to
the proposed therapy.

4. Subjects use concomitant therapy that affects either
tear function or ocular surface integrity.

5. Subjects have had surgical or other manipulation of the
eye that could confound the outcome parameters or
interfere with the mechanism of action of the proposed
intervention to be studied.
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Table 4. Data analysis: populations to analyze

1. Intent to Treat (ITT): All subjects randomized.

2. Modified Intent to Treat (Mod ITT): All subjects random-
ized who received at least one dose of medication

3. Per Protocol (PP): All subjects randomized who com-
pleted the treatment according to protocol
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