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Figure 3. The influence of disease prevalence on the OAPR. See
text for details.
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Figure 4. Calculation of the OAPR using the likelihood ratio. (a) For
a group, (b) for an individual. See text for details.
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Table 4A. A sequence of tests used in dry eye assessment, according to category

Group Assessment Technique

WEECHET S o L AT A Clinical history Questionnaire ‘

&5, BEODEMEDEIR Symptoms eg, dry eye Symptom questionnaire

1. MIEATEBAY Yy TD B Evaporation rate Evaporimetry

BRI ERNER., c Tear stability Nortinvasive TFBUT (or NIBUT)
Tear lipid film thickness Interferometry

ZOICRELL-T—5D

ERBEM. AE, ZHIC

Tear meniscus radius/volume

Meniscometry

Osmolality; proteins lysozyme; lactoferrin

Tear sampling

BYWTOARMEHT 2 DM,

R RBANDHBRE DL E Tear stability

Fluorescein BUT

ERT 200, b0ik

Ocular surface damage

Grading staining fluorescein;
lissamine green

BROAA FELTHBAT

Meniscus, height, volume

Meniscus slit profile

LOMNEoTLRLRDLY,

Tear secretion turnover

Fluorimetry

TR LIHiT, FIA4T

F Casual lid margin oil level

Meibometry

A DOEBEEERFME ©

Index of tear volume

Phenol red thread test

HAEbE T, SEREW

BRI % S X T H Tear secretion Schirmer | with anesthesia
Z PR A Tear secretion Schirmer | without anesthesia
° “Reflex” tear secretion Schirmer Il (with nasal stimulation)
| Signs of MGD Lid (meibomian gland morphology)
. J Meibomian gland function MG expression
2. IREHFED Expressibility of secretions
ST Volume
e Quality
—HoETIT bR S Y ———— -
BFRSREETIE. 7L Lt eibomian physicochemistry il chemistry
A vEEEBOCABO K Ocular surface damage Rose bengal stain
L Meibomian tissue mass Meibography

R IREEZERMST L,

VHIvTY—rERANT
O R kB % S A
T5IENRIETRDRT
Wb, Zhid. THEEZE
HEDITEbRTEY, SHIZOVTRAIEEREINT
W3, LRl HEBONYTI4NI—RBLTINEL
A VBRI NE, TAFLEAL Y OAREFRANT, AL
BMoOWEORE 2 —BICRAL., S8 I35 eh8TES
(#1. Wratten 12) 38,
MEMOGEREL EREIT 2L LT B van
Bijsterveldi#!2, Oxford#*’. NE/¥R7—27 v a v 7H3 O
B 6 2 X, CLEKERBRBICHRE SR, FIA4T71%8
W 2BEKRFEOFEME LTHBINN-TVary,
IZODHFENFIHENR TS (F858 L U°6) 8, Oxford
B X 'CLEKE Tid. van
Bijsterveldi: & 0I5V

From: Foulks G, Bron AJ. A clinical description of meibomian gland dysfunction. Ocul Surf2003: 107-26.
Test invasiveness increases from A to L. Intervals should be left between tests. Tests selected depend on
facilities, feasibility and operational factors.

X% A%, van Bijsterveld & Oxford S BOME AL, KFE
KOUBEABRICBW TG 2N T3 (JSmith. #AE) .

BRABSMEOEBIIHV LB vy M+ 7HOER
i, BERICHNTARIGERT ZEATMEELR TS ICEmwERT
HB—F, MU LAREEDL DI THIEVEARZEE
TALERICI - THBEINL, —HROWEEIL. BKRR
M5 ¥4 74 BEOEEIZB VT, van Bijsterveld
DAy bATE 23%BHL. Y=L MERBEOHM
ARNTORFSAT7ABIICBENT, KBRS ERRBRTE

Table 4B. A practical sequence of tests

DHBEHEHLTWAT:

. BIRRERIZBITS LY Clinical history

Symptom questionnaire

INSHELERINTE B,
ABEOBE DX H % 5T

Fluorescein BUT

ACLEK#:Ci%, i Fo

Ocular surface staining grading with fluorescein/yellow filter

Fetr e AL, KEOE

Schirmer | test without anesthetic, or | with anesthetic, and/or Schirmer Il with nasal stimulation

L% HERAE D 2L IZBE

Lid and meibomian morphology

Meibomian expression

i35 2 EpEEE W F]
HiHbo & 5ERFTEN

Other tests may be added according to availability

MOFE:L ) KA EN
Tna I 2L R

Further narrative information is provided in a template on the DEWS web site, entitled “A sequence of tests.”
From Foulks G, Bron AJ. A clinical description of meibomian gland dysfunction. Ocu/ Surf 2003: 107-26.
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Table 5. Symptom questionnaires in current use

Report Questions administered Reference
Womens' Health Study (WHS) 3 Schaumberg et al2?
International Sjogren’s Classification 3 Vitali et al®
Schein 6 Schein et al3®
McMonnies 12 McMonnies and Ho3!
0osDI 12 Schiffman et al*?
CANDEES 13 Doughty et al®?
Dry Eye Questionnaire (DEQ) 21 Begley et al**
IDEEL (3 modules, 6 scales) 57 Rajagopalan et al*®
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Table 6. Revised international classification criteria for ocular manifestations

of Sjogren syndrome

Ocular symptoms: a positive response to at least one of the following questions:
1. Have you had daily, persistent, troublesome dry eyes for more than 3 months?
2. Do you have a recurrent sensation of sand or gravel in the eyes?

3. Do you use tear substitutes more than 3 times a day?

. Oral symptoms: a positive response to at least one of the following questions:

1. Have you had a daily feeling of dry mouth for more than 3 months?
2. Have you had recurrently or persistently swolien salivary glands as an aduit?
3. Do you frequently drink liquids to aid in swallowing dry food?

. Ocular signs: that is, objective evidence of ocular involvement defined as a posk

tive result for at least one of the following two tests:
1. Schirmer’s | test, performed without anaesthesia (<5 mm in 5 minutes)

2. Rose bengal score or other ocular dye score (>4 according to van Bi-
jsterveld’s scoring system)

. Histopathology: In minor salivary glands (obtained through normal-appearing

mucosa) focal lymphocytic sialoadenitis, evaluated by an expert histopatholo-
gist, with a focus score 21, defined as a number of lymphocytic foci (which are
adjacent to normal-appearing mucous acini and contain more than 50 lympho-
cytes) per 4 mm? of glandular tissue

BEE+ BR+BESET - ETTR V. Salivary gland involvement: objective evidence of salivary gland involvement

O (ZRBEFNICL 5) MEMAAE

defined by a positive result for at least one of the following diagnostic tests:

1. Unstimulated whole salivary flow (<1.5 m! in 15 minutes)

bEHEIND, ,
B b AR REOBRIL, BT

. Parotid sialography showing the presence of diffuse sialectasias (punctate,
cavitary or destructive pattern), without evidence of obstruction in the major ducts

HIZEKIOHTELLOTIE V., & 3. Salivary scintigraphy showing delayed uptake, reduced concentration and/or

DML, FREMTFBUT 2 ERK

delayed excretion of tracer

MR RBEICRLZEEZONS,
K547 4 BAEREOFEDOHAE

Vl. Autoantibodies: presence in the serum of the following autoantibodies:
1. Antibodies to Ro(SSA) or La(SSB) antigens, or both

bEF NMFaryry.-aryys b
YADRBIIRLEEDAY Y ML
YARHEDO Y R FICRIH ST
‘/\51’440
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Reprinted with permission from: Vitali C, Bombardieri S, Jonnson R, et al. Classification criteria
for Sjogren’s syndrome: a revised version of the European criteria proposed by the American-
European Consensus Group. Ann Rheum Dis 2002;1:554-8.

LRESEEL TS, 29 LAHEEIICE Y., REEPEE
OGN ET 5 2 & CTRERE D O FHRE ETE D HM
i, RERRO TEO] REFRET 250 LT, FFICH
HMH b, TOFFEICIE, THGHE A=A3 X MY —,
HBETFA MR 74—, BRI —LVAMESTTT 14—
(OCT) &I NL, CHOEDOENO—BTIR, ¥—%
REVAF LAY IFA Y TF—52RETHI LT, Bl
BOBEFZNMETLIENTEL, RL LI, BRERMOM
fah X OMEOEGEEL Y94 VTRZAIET, BELL
REDFRPUTEICRLELLON D,
ZWHEMHZRSR, RELARBICT 7 EATH2E
T, B TIAREEL-RET, ZORMOBTFEZRTIE
Mo, BEHH S F— 5 2 HHRRT LB (F, £ 7Ly
var g4 aTl—F72B3 7Sy vat A buv—ck 5
BEEDS DML LAF v OF Y TVERE), v 7)o
IS MBS E LI wE W) REEZRLTWS, 22721,
P TNVERRFEEOE LS IR IFE, S, 2 TVDR
RICEEFECAZ &P EZOND, 29 Lz, HiE
B2k, —BERTLIENTEL, /20 ) LYY
TVERIUE, BELZREDO [ —EHLAR TRV EEZS
NBH. COFEE ATy vary -4 bad—) i,
ZORBHEIZI Y, FOBROY VT VRIUIEET 5 W R
BHb, LIdoT, INLIE—EDOREORZICITRE I
XThhb,

THE OCULAR SURFACE / 20074 4H, 5%, #2% / www.theocularsurface.com 55



DEWS i 7 i

Table 7. A selected list of some emerging technologies

Invasiveness

Non-invasive

| Comment

Symptom questionnaires (also see Table 2)

‘ Reference

Schein Schein et al®
0sDI Schiffman et al®?
DEQ Begley et al3*
IDEEL Rajagopalan et al3®

Utility assessment

Buchholz et al*®

Non- to Minimal Optical sampling
Meniscometry (Appendix 10) Yokoi et al*®
Lipid layer interferometry (Appendix 11) Yokoi et al*’

Tear stability analysis system (Appendix 12)

Kojima et al*®

High speed video—tear film dynamics

Nemeth et al*®

OCT tear film and tear film imaging

Wang et al3°

Confocal microscopy

Erdelyi®t

Tear fluid sampling

Strip meniscometry

Dogru et al>?

Impression and brush cytology—coupled to
flow cytometry (Appendices 15 and 16)

Sampling for proteomic analysis Grus et al®3
Osmolarity eg, OcuSense (Appendix 9) Sullivan54
Moderate Meibomian sampling; Meibometry (Appendix 13) | Yokoi et al3®
Meibography (Appendix 14) Mathers, et al®®
Invasive Staining: new dyes N L\le?:tr%igneezemay
non-stress Digital photography of surface staining

reflect steady state
conditions at the time
of sampling, even
though they disturb
the steady state with
respect to down-
stream tests.

Lacrimal scintigraphy

Stress Tests

Functional visual acuity

Ishida et al5’

Controlled Adverse Environment (CAE)

QOusler et al®8

S-TBUD (Areal BUT while staring)

Liu et al®®

Forceful blink test (Korb)

Korb®0

DEQ = Dry Eye Questionnaire; IDEEL=Impact of Dry Eye on Everyday Life; OCT =Ocular Coherence Tomography;

0OSDI =0cular Surface Disease Index; S-TBUD=Staring Tear Breakup Dynamics.
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Allergy conjunctival eosinophils

Allergy conjunctival provocation test

Allergy tear IGE

Basal tear volume

Brush cytology

CCLRU—Hyperemia and other grading
scales

Conjunctivochalasis

Fluorescein permeability

Flow cytometry

Endocrine markers report

EQ-SD (questionnaire)

Ferning

Forceful blink test

Functional visual acuity

Grading staining—Nichols CLEK B

Grading staining—Oxford scheme

Grading staining—van Bijsterveld

LA

Hamano thread test

Impression cytology

Lacrimal biopsy

Lid margin disease criteria
LASIK-induced Neuro-Epitheliopathy (LINE)

DEWS i S ik

APPENDIX 1. ALPHABETICAL LISTING OF TESTS USED TO DIAGNOSE AND MONITOR DRY EYE

Meibography

Meibomian gland expression
Meibomian lipid analysis
Meibomian lipid sampling
Meibomian microbiology

NIBUT

Ocular Protection Index (OPI)

Osmolarity OcuSense overview
Osmolarity—Depression of freezing point
Osmolarity OcuSense—Sullivan
Osmolarity—Vapor pressure

Rheumatic criteria

SBUT

Schirmer | European criteria 1994
Schirmer | Farris

Schirmer | Nichols

Schirmer | van Bijsterveld

Schirmer Pflugfelder A

Schirmer Pflugfelder B

Scintigraphy

SF-36

Sicca index

Sjogren syndrome—Direct sialometry
Sjogren syndrome—Salivary-scintigraphy
Sjogren syndrome—Sialography

Sjogren syndrome—Hematology

Sjogren Serology—Martin

SSI (Sjogren Syndrome Index)—Bowman
Symptoms DEQ (questionnaire)

Symptoms IDEEL (questionnaire)

Symptoms McCarty (questionnaire)

Symptoms McMonnies (questionnaire)

Symptoms NEI-VFQ25 (questionnaire)

Symptoms OSDI (questionnaire)

Symptoms Schein (questionnaire)

Staining exam form-1 from Nichols

TBUD

Tear evaporation

Tear flow fluorimetry

Tear lipid interferometry

Tear meniscus height

Tear meniscus radius

Tear protein profiles

Tear Stability Analysis System (TSAS)

Tear turnover fluorimetry

Tear volume fluorimetry

Tests used in combination
Combined tests—Afonso 1999
Combined tests—Bjerrum 1997
Combined tests—European criteria

1994
Combined tests—Nichols 2004
Combined tests—Pflugfelder 1998
Combined tests—Shimazaki 1998
Combined tests—van Bijsterveld
1969

Tear film breakup time (TFBUT)

Thermography

Time-trade-off approaches to dry eye
severity
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1. Symptoms tests
Questionnaires
NEIVFQ25
McMonnies
Schein
McCarty
0sDI
DEQ
IDEEL
Visual function
LogMar acuity
Contrast sensitivity
Functional visual acuity
2. Aqueous tears
Tear volume
Fluorimetry
Hamano thread

Tear meniscus
Radius of curvature
Height
Area of cross-section
Tear flim thickness
Tear flow
Fluoroimetry
Schirmer test
Schirmer |
Dynamic Schirmer
Schirmer 1l
Reflex Schirmer
Tear turnover
Dye dilution
Tear clearance
Fluorimetry
Tear evaporation
Evaporimetry
3. Tear stability and visual function
Visual acuity
ETDRS
Functional visual acuity
Tear stability
Breakup time (BUT)
SBUT: Symptomatic BUT
Tear film BUT fluorescein
Noninvasive BUT (NIBUT)
Tear thinning time
Topographic analysis
Tear stability analysis system
Wavefront analysis
4. Tear composition
Biological fluids
Aqueous tears
Lactoferrin
Lysozyme
Peroxidase
Immunoglobulin A
Ceruloplasmin
Inflammatory mediators
Matrix metalloproteinases
Other proteins
Mucins
Lipids

Periotron test—“basal tear volume”

DEWS

BT

APPENDIX 2. FUNCTIONAL GROUPINGS OF TESTS USED IN THE ASSESSMENT OF DRY EYE

Cells in biofluids
Inflammatory cells
Epithelial cells
Tear debris
Surface cells
Impression cytology
Flow cytometry
Brush cytology
Confocal microscopy
Meibomian lipids
Evaporimetry
Interferometry
Thickness
Grading
Meibometry
Meibography
Morphology in MGD
Expressed oil quality
Lipid chemistry
Tears: physical
Osmolarity
Depression of freezing point
Vapor pressure osmometry
Conductivity OcuSense
Electrolyte composition
Tear ferning
Surface damage
Grading staining
Fluorescein stain
Rose Bengal stain
Lissamine green
Double staining
5. Other criteria
Tear function index (TFI)
Ocular protection index (OPI)
Conjunctivochalasis score
Blink characteristics
Distinction from allergy
Lid margin disease criteria
Microbiology and lid disease
6. Sjogren syndrome
Serological tests
Anti-Ro
Anti-La
Anti-M3 receptor
Anti-fodrin
Minor salivary gland biopsy
Lacrimal gland biopsy
Systemic endocrine findings
Tests of salivary function
Biscuit test
Sialography
7. Tests for assorted disorders
Wegener’s: Positive ANCA
Rheumatoid arthritis: Positive Rh-F
Systemic lupus erythematosus
LASIK-Induced Neuro Epitheliopathy
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APPENDIX 3. A PROFORMA DIAGNOSTIC TEMPLATE

DEWS DRY EYE: DIAGNOSTIC TEST TEMPLATE

RAPPORTEUR Please insert your name Date:DD/MM/YY
REVIEWERS Names of additional reviewers added here

NAME OF TEST eg, Schirmer 1

TO DIAGNOSE

Test used to diagnose — eg, aqueous tear deficiency (ATD).

REFERENCES

VERSION of [V 1 Please call your preferred version, version 1. Other versions should be submitted on Please reference
TEST separate templates and numbered, not necessarily in priority order. the source of this
version.
DESCRIPTION This should be a one or two line statement saying what the test is for.
NATURE of If you wish to refer to a specific study in detail, enter the details here.
STUDY
CONDUCT of Please describe all steps of the test in sufficient detail to provide a template for a trainer.
TEST
Results of If you have described a specific study in detail, place the resuits here.
Study
Web Video Available [ ]
If instruction would be aided by a video of the technique, please tick this video box.
Materials Please list the nature and sources of materials used for the test as described.

Variations of
Technique

Standardization

Time of day: [ ] Temperature: [ ] Air speed: [ ]
Numination: [ ] Other: [ ]
Tick the boxes if you think that such standardization would improve the repeatability of the

test.

Humidity: [ ]

Diagnostic
Value

This version: [ ] Other version: [ ]
Please state if these stats relate to this version or another cited version.
Please cite statistics indicating the diagnostic value of the test in a referenced study.

Please cite reference

to stats used

Repeatability

Intra-observer agreement: [ ]
Inter-observer agreement: [ ]

Sensitivity (true positives): [ ]

Specificity (100 - false positives): [ ]

Other Stats If you have other stats for this or related versions of the test, add as many rows as
necessary and cite the reference.

Level of

Evidence

Test Problems

Is there a problem with this test?

Test Solutions

Can you suggest an improvement?

Forward Look

What future developments do you foresee?

Glossary

Please explain abbreviations

REFERENCES
[To be inserted
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APPENDIX 4. A NOTE ON THE JAPANESE CRITERIA FOR DRY EYE DIAGNOSIS

The previous Japanese dry eye diagnostic criteria were revised by the Japanese Dry Eye Research Society after the 1994-95 NEI/
Industry workshop (Miyawaki S, Nishiyama S. Classification criteria for Sjogren’s syndrome—sensitivity and specificity of criteria of
the Japanese Ministry of Health and Welfare (1977) and criteria of European community (1993). Nippon Rinsho 1995;53:2371-5).
The criteria, unpublished in the English literature, omitted symptoms from the diagnostic criteria at that time, because objective and
subjective findings did not appear to correlate. Following the DEWS meeting of 2004, the importance of symptoms was accepted in
Japan and the criteria have been modified.

The Japanese criteria prior to the 2004 DEWS meeting were:

1) Qualitative or quantitative disturbance of the tear film (quantity: Schirmer test less than 5 mm or phenol red thread test less than
10 mm; quality: BUT less than 5 sec)

2) Conjunctivocorneal epithelial damage (excluding all other etiologies other than that listed under number 1)
Fluorescein staining greater than 1 point
RB staining greater than 3 points
(The presence of either fluorescein or RB staining is finding sufficient to satisfy criterion number 2)

The presence of both 1 and 2 = Definite dry eye. Presence of 1 or 2 = Probable dry eye

The Japanese diagnostic criteria have been revised by the Japan Dry Eye Research Socliety in August 2005, to include symptoms,
as follows.

New Diagnostic Criteria of the Japan Dry Eye Research Society: Revised in August 2005

DefiniteDE__ - Probable DE
Symptoms Yes Yes Yes No
Tear film quality/quantity—disturbed Yes No Yes Yes
Epithelial damage Yes Yes No Yes

The phenol red thread test has been removed from the diagnostic criteria.
A fluorescein staining score of above 3 points is now required as positive staining (instead of 1 point).

62
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APPENDIX 5

DEWS DRY EYE: DIAGNOSTIC TEST TEMPLATE
RAPPORTEUR A.J. Bron 22nd Oct 2004
TEST GRADING STAINING: CLEK Schema
TO DIAGNOSE The scheme is used to estimate surface damage in dry eye. REFERENCES
VERSION of TEST [ V1 ] [CLEK study] Barr et al 1999
Lemp 1995
DESCRIPTION Surface damage to the exposed eye, assessed by staining, is graded against
standard charts.
NATURE of STUDY Nature of study Nichols et al 2004
In this study, 75 patients regarded as having mild to moderate dry eye were assessed
for symptoms, MGD, tear quality, meniscus height, blink quality, TBUT F and BR
staining, phenol red test and Schirmer.
70.7% female.
61% using ATS
21.9% met European Criteria for moderate to severe dry eye.
About 30% were CL wearers.
CONDUCT of TEST Fluorescein instillation: Nichols et al 2004
Fluorescein strip wetted with buffered saline. Drop instilled on inferior palpebral
conjunctiva. Blink several times.
Rose Bengal Staining: A Rosets™ Rose Bengal Ophthalmic Strip is wetted with sterile
buffered saline and instilled on the inferior bulbar conjunctiva. (“care taken to instill
adequate dye”)
STAINING: 5 corneal regions and 4 conjunctival regions as described in the CLEK Barr et al 1999
study (Barr et al. 1999). [CLEK study]
The staining scale was 0-4, with 0.5 unit steps in each of the 5 corneal regions.
Photos were used as examples of severity.
The “total score” could either be summed, or averaged.
oD 0s
CINTS = Central Inferior Nasal Temporal Superior
0-4 scale in 0.5 unit steps
circle location Check appropriate box
oD Location Cornea/Conj. Punctate FB Coalesced Full-Thickness Other
Stain 1 Cc | TS
Stain 2 CINTS
Stain 3 CINTS
Stain 4 CINTS
Stain 5 CINTS
Stain 6 CINTS
Stain 7 CINTS
Stain 8 CINTS
Stain 9 CINTS
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APPENDIX 5 continued

Web Video Not available.

Materials » Barnes-Hind Ful-Glo® Fluorescein Sodium Ophthalmic strip
¢ Rosets™ Rose Bengal Ophthalmic Strip (Chauvin Pharmaceuticals)
¢ Source of non-preserved buffered saline.

Standardization Nil additional

Repeatability

Intra-observer agreement.

Corneal and Conjunctival Staining

Sum of all regions:

Fluorescein stain: The weighted x was:

0.69 (95% Cl = 0.35, 0.81) and the intraclass correlation coefficient was
0.76 (95% Cl = 0.58, 0.87).

Bengal rose stain: The weighted x was:

0.33 (95% Cl = 0.45, 0.93) and the intraclass correlation coefficient was
0.40 (95% Cl = 0.09, 0.64).

Note that agreement was better for fluorescein than for bengal rose, perhaps
because the bengal rose strip gives weaker staining than the fluorescein strip.

Note too, that agreement was less good for individual zones assessed independently
as follows:

Unweighted x for presence versus absence of F and BR staining.
(x values; [% agreement])

Zone Comea Cornea Conj Conj
Fluor Bengal R Fluor Bengal R
Inf 0.18 (58.7) 0.02 (81.3) 0.25 (70.7) 0.14 (60.0)
Nas 0.23 (70.7) —0.02(94.7) 0.14 (56.0) 0.09 (65.3)
Temp 0.47 (82.7) 0.49 (97.3) 0.10 (54.7) 0.46 (92.0)
Sup 0.28 (82.7) N/A 0.31(90.7) N/A
Centr 0.29 (81.3) N/A

N/A Not available because no stain
K values: 0-0.2 slight agreement; 0.21-0.40 fair agreement;
0.41-0.60 moderate agreement; 0.61-<1.0 excellent; 1.0 =perfect agreement

Note, even in region of most frequent corneal staining, x = 0.21:
It was concluded that perhaps zone scores varied between visits but the total sum of
scores was more constant.

Nichols et al 2004

Test problems

About 30% were CL wearers. They do not appear to have been analyzed separately.

Only a single observer was involved in the repeatability measurements.

Did patients stop ATS drops before assessment?

Glossary

CLEK = Collaborative Longitudinal Evaluation of Keratoconus

REFERENCES

Barr JT, Schechtman KB, Fink BA, et al. Corneal scarring in the Collaborative Longitudinal Evaluation of Keratoconus (CLEK) Study: baseline preva

lence and repeatability of detection. Cornea 1999;18(1):34-46

Lemp MA. Report of the National Eye Institute/Industry Workshop on clinical trials in dry eyes. CLAO J1995;21(4):221-31

Nichols KK, Mitchell GL, Zadnik K. The repeatability of clinical measurements of dry eye. Cornea 2004;23(3):272-85

64

THE OCULAR SURFACE / 20074 4H, $£5%, 2% / www.theocularsurface.com




DEWS Z Wi /5 ik

APPENDIX 6

0-5 for each panel and 0-15 for the total exposed inter-palpebral conjunctiva and cornea. The
dots are ordered on a log scale

PANEL Grade | Criteria
A 0 Equal to or less than panel A
B | Equal to or less than panel B, greater than A
C ] Equal to or less than panel C, greater than B
D i Equal to or less than panel D, greater than C
E v Equal to or less than panel E, greater than D
>E Vv Greater than panel E
Conduct of Test:

¢ Dye is instilled.
* Slitlamp is set (eg, 16 maghnification with x10 oculars with Haag-Streit).
e Cornea: The upper eyelid is lifted slightly to grade the whole corneal surface,

* Conjunctiva: To grade the temporal zone, the subject looks nasally; to grade the nasal
zone the subject looks temporally.

e (The upper and lower conjunctiva can also be graded).

Selection of dyes:

A list dyes and filters can be found in the original paper.

With fluorescein, staining must be graded as quickly as possible after instillation, since the
dye then diffuses rapidly into the tissue and its high luminosity blurring the stain margin.
Staining after rose bengal or lissamine green, persists at high contrast and may therefore be
observed for a considerable period. This is convenient for both grading and photography.

Fluorescein sodium

1. Quantified drop instillation

eg 2 pl of 2% sterile fluorescein instilled into each conjunctival sac with a micro-pipette
(using a sterile tip). In very dry eye, larger volumes risk the possibility of inadequate dilution
into the fluorescent range.

2. Unquantified instillation — impregnated paper strips

This is a convenient approach in the clinic using the following method of application:

¢ A single drop of unit dose saline is instilled onto a fluorescein-impregnated strip.

e When the drop has saturated the impregnated tip, the excess is shaken into a waste bin
with a sharp flick.

¢ The right lower lid is then pulled down and the strip is tapped onto the lower tarsal
conjunctiva. A similar procedure is carried out on the left.

If too large a volume is delivered then the concentration in the tear film will be too high, and

the tear film and staining pattern will be non-fluorescent.

DEWS DRY EYE: DIAGNOSTIC TEST TEMPLATE

RAPPORTEUR A.J.Bron 21st Oct 04
TEST GRADING STAINING: Oxford Schema

T0 DIAGNOSE The scheme is used to estimate surface damage in dry eye. REFERENCES
VERSIONOf TEST | [V 1]

DESCRIPTION Surface damage to the exposed eye, assessed by staining, is graded against standard charts.

CONDUCT of Grading Schema: Bron Evans Smith
TEST Staining is represented by punctate dots on a series of panels (A-E). Staining ranges from 2003
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APPENDIX 6 continued

3.Timing

The fluorescein break-up time (FBUT) is usually performed prior to grading staining. Since
fluorescein diffuses rapidly into tissues, punctate staining blurs after a short period. It is
therefore essential to assess staining rapidly, in sequence, in the right and then the left eye,
so that the staining patterns observed are equally crisp.

If it is intended to photograph the staining pattern for grading, then photography should
follow immediately after each instillation.

Exciter and Barrier Filters

The absorption peak of fluorescein sodium occurs between 465 - 490 nm and the emission
peak between 520 - 530 nm. A suggested filter pair for detection of fluorescein staining is a
yellow, Kodak Wratten 12 barrier filter (transmitting above 495 nm) or an orange Wratten 15
filter (transmitting above 510 nm) in combination with a blue Wratten 47 or 47A exciter filter.
The 47A shows greater transmittance than the Wratten 47 over the absorption range. The
‘cobalt’ filter of many slitlamps is suitable to use with a Wratten 12 or 15 barrier.

Where more light is required for photographic purposes, narrow band-pass, interference
filters can be used.

The use of both exciter and barrier filters allows both the cornea and conjunctiva to be
assessed using a single stain. This is a major advantage in clinical trials where it is
otherwise customary to employ fluorescein to grade corneal staining and rose bengal or
lissamine green to grade conjunctival staining.

Disadvantages of Fluorescein Staining
Blurred pattern if reading is delayed. Delay in photographing fluorescein staining results in
blurred images of the staining pattern.

Rose Bengal

The intensity of rose bengal staining is dose dependent. If drop size or concentration is
reduced to minimize stinging, the amount of staining is also reduced. Use of impregnated
strips will give weaker staining than use of a full drop of 1% solution. Best results are
achieved with, eg. 25 pl 1%, instilled into the conjunctival sac. Because rose bengal stings,
instillation is best preceded by a topical anesthetic.

Instillation Technique

1) eg, a drop of Proxymetacaine is instilled into the conjunctival sac followed, after recovery,
by;

2) A drop of rose bengal 1.0%. This is instilled onto the upper bulbar conjunctiva with the
upper lid retracted and the patient looking down.

3) Since both anaesthetic and drop may stimulate reflex tearing, the test should follow
measurement of the FBUT and of the Schirmer test. (Conjunctival staining due to insertion
of the Schirmer paper can usually be distinguished from that due to dry eye disease).

Both eyes may be stained prior to grading, since there is no risk of the staining pattern in the
first eye being obscured by the time the second eye is graded.
The cited paper gives advice about avoidance of overspill.

Visibility

Rose bengal staining on the conjunctiva shows up well against the sclera and may be
enhanced using a red-free (green) light source. Corneal staining may show up well against a
blue iris, but is difficult to see against a dark brown iris.

Phototoxicity

Photo-activation of rose bengal by sunlight increases post-instillation symptoms, especially
in severe dry eye with heavy staining. This post-instillation pain can be minimized by liberal
irrigation with normal saline at the end of the test.

Lissamine green stains the eye in a similar manner to rose bengal but is as well tolerated
as fluorescein. Visibility and dose-dependency are the same as rose bengal and staining is
persistant so that photography need not be performed immediately after instillation.
Lissamine green is available as impregnated strips or may be ordered as a pre-prepared
solution. A 25 pl 1% drop will give more intense staining. Because the drop is well tolerated,
no anaesthetic is required.

continued
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CONDUCT of
TESTS

Visibility

As with rose bengal, lissamine green staining is easily visible on the conjunctiva. On the
cornea, staining is seen well against a light blue iris background but is poorly visible against
a dark brown iris background. For both rose bengal and lissamine green, because the dyes
are poorly seen within the tear film, the dye in the tear film does not obscure the staining
pattern. Also, since both dyes do not diffuse into the substantia propria of the conjunctiva,
the staining pattern is retained for longer.

Visibility of staining may be enhanced using a white light source and a red barrier filter, to
give a black pattern on a red ground. A suitable filter is a Hoya 25A, or a Kodak Wratten 92.

Web Video

Not available

Materials

Oxford grading panel; Slit-lamp; Selected dye.

Standardization

See above.

Repeatability

A small intra-inter observer study was carried out in 1986 and was presented but not
published:

Intra-observer study: This study asked two trained ophthalmologists to grade a series
of standard slides, showing corneal and conjunctival fluorescein staining, on 2 separate
occasions. [note: -this study is only relevant to grading photographic records not patients.]

Intra-observer k for grading photographs of staining, using the Oxford scheme.
Two observers.

Cornea Conjunctiva
Observer 1 0.86 0.69
Observer 2 0.65 0.83

Note that values are in the good to excellent range.

Inter-observer study: In this study, the same 2 observers graded fluorescein staining (blue
exciter; yellow filter) in 13 dry eye patients at an interval within 2-3 weeks.

Inter-observer x for grading patients with dry eye, using the Oxford scheme.
Two observers. Fluorescein; bengal rose

Observer 1v 2 Cornea Conjunctiva
Fluorescein 0.88 0.48
Bengal rose 0.87 0.54

It is of interest that observations are in the excellent category for cornea, with either stain
and in the fair category for conjunctiva.

Hardman Lea
et al 1986 AER
abstract.

Test problems

The test depends on pattern recognition applicable to dry eye states.

Test solutions

More general use to assess all forms of ocular surface staining can be achieved by scoring
staining in multiple segments of the ocular surface while retaining a full number density
range of dots

REFERENCES

Bron AJ, Evans VE, Smith JA. Grading of corneal and conjunctival staining in the context of other dry eye tests. Cornea 2003;22(7):640-50.
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APPENDIX 7

DEWS DRY EYE: DIAGNOSTIC TEST TEMPLATE

RAPPORTEUR Mark B. Abelson and George W. Ousler IlI 5th Nov 2004
Reviewers —J Paugh 27th Dec 2007
TEST Tear Film Break-Up Time (TFBUT)

also: BUT (Break-up Time) and FBUT (Fluorescein Break-Up Time )

TO DIAGNOSE

Tear Film Stability

VERSION

Version |

DESCRIPTION

The tear film break-up time is defined as the interval between the last complete blink and
the first appearance of a dry spot, or disruption in the tear film.

Lemp 1970
Lemp 1995

STUDY

100 subjects with normal ocular health and 100 patients with ‘a history of dry eye’. 5 pl
of 2% fluorescein were instilled. Average of 3 readings.

Abelson et al 2002

CONDUCT of
TEST (V1]

Standardization of the volume instilled is important. Johnson and Murphy 2005 found that
increasing the volume of fluorescein instilled from 1-2.7 yl, increased the TFBUT, but that
increasing to 7.4 pl was not associated with further change.

1. Instill 1 to 5 micro-liters of non-preserved, 2% sodium fluorescein onto the bulbar
conjunctiva without inducing reflex tearing by using a micro-pipette or D.E.T. strip;

2. The patient is instructed to blink naturally, without squeezing, several times to
distribute the fluorescein

3. Within 10 - 30 seconds of the fluorescein instillation, the patient is asked to stare
straight ahead without blinking, until told otherwise;

4. Set slit-lamp magnification at 10X, keep the background illumination intensity constant
(cobalt blue light) and use a Wratten 12 yellow filter to enhance observation of the tear
film over the entire cornea;

5. Use stopwatch to record time between last complete blink and first appearance of
growing micelle;

6. Once TFBUT is observed, instruct patient to blink freely.

Various authors advocate the use of a yellow barrier filter (Kodak Wratten 12) to enhance
the visibility of the break in the fluorescent tear film. (Eliason and Maurice 1990; Cho and
Brown 1993; Nichols et al. 2003; Bron et al 2003.

Johnson et al 2005).

Johnson and Murphy
2005

CONDUCT of
TEST [V2]

2.5 yl 1.0% fluorescein

Vitale et al 1994

Results of
study

The mean TFBUT for normal subjects was 7.1 s (range 4.7 to 11.4 s) and for dry eye
patients 2.2 s (range (0.9 t0 5.2 s). On the basis of this, a cut-off for dry eye diagnosis of
< 5 s was recommended.

Abelson et al 2002

Video

*Slit-lamp, on-line video camera may be used to capture TFBUT. Video capture with an
on-screen timer allows for precise measurement of the time between the last complete
blink and the appearance of the first, growing micelle. This also allows masking for clinical
trials purposes

Weich et al 2003

Web video

Not available

Materials

¢ Non-preserved, 2% sodium fluorescein;

* Micro-pipette;

e Or D.E.T. strip.

e Slit-lamp

e Timer

* Kodak Wratten filter 12. See variations, below.

Variations of
technique

Historically, the technique for evaluating TFBUT has lacked consistency. Large and
varying amounts of sodium fluorescein (up to 50 pl) were used, times were determined
by counting aloud and using less sophisticated instrumentation. Such techniques yield
varying results.

Standardization

Time of day [V] Temperature [V] Humidity [V] Air speed [V] lllumination [V]
¢ Patient instruction;

« Slit-lamp magnification;

¢ Barrier filter.
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APPENDIX 7 continued

Diagnostic This version (micro-quantities of fluorescein): Lemp 1995
value TFBUT < 5 seconds = dry eye; Abelson et al 2002
TFBUT > 5 seconds = normal.

Other version (larger quantities of fluorescein):

TFBUT < 10 seconds = dry eye;
TFBUT > 10 seconds = normal.

Sensitivity (true positives) [ 72.2% ] 184/255 patients Vitale et al 1994
(cut off < 10 sec)

Specificity (100 - false positives) [ 61.6% ] 69/112 controls

Test problems Instillation of fluorescein must be done carefully so that reflex tearing is not induced.

Alterations in tear volume may artificially lengthen TFBUT.

Proper patient instruction is critical. If patients are not told to blink freely after TFBUT
occurs, reflex tearing may occur and skew subsequent measurements.

Large, uncontrolled volumes of fluorescein may also artificially lengthen TFBUT.

In the reported study, the age and sex of subjects is not stated and the criteria for dry eye | Abelson et al 2002
diagnosis are not provided and no sensitivity or specificity calculations were made for the
selected cutoff value. However, there was little overlap between the normal and abnormal
distribution curves.

Glossary TFBUT = Tear film break-up time: BUT = Break-Up Time )} and FBUT = Fluorescein Break-Up
Time.

REFERENCES
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DEWS DRY EYE: DIAGNOSTIC TEST TEMPLATE
RAPPORTEUR A.J).Bron 19th Oct 2004
TEST Schirmer-1 Test — without anesthesia
TO DIAGNOSE Dry Eye REFERENCES
VERSION [Vl ]
DESCRIPTION An estimation of tear flow stimulated reflexly by insertion of a filter paper into the
conjunctival sac.
NATURE of Diagnostic value of the Schirmer 1 test, Rose bengal staining and a test of lysozyme tear
STUDY level in sicca syndrome.
Normal controls: 550 Age 20-74 years M=F in each 5 y band
Sicca syndrome: 43 F32; M11
CONDUCT of Schirmer-1 test: van Bijsterveld 1969
TEST The unanesthetized eye
Schirmer paper strips
Schirmer strips inserted over the lower lid margin, midway between the middle and outer
third (assumed).
Closed eye (assumed).
Read at 5 minutes [No further details]
RESULTS of Schirmer-1: With a cut of < 5.5 mm the probability of misclassification of patients was
STUDY 15% and of controls was 17%.
No significant differences between men and women at each 5 year age band, but
Schirmer value fell with age.
Note 107 controls had wetting > 30 mm
Video need Not available
Materials ® Schirmer Papers (5x35mm Whatman No 1)
Standardization | Time of day [V] Temperature {V] Humidity [V]  Air speed [V] lllumination [¥]. Assumed
to influence.
Variations of ¢ Calibrated and dyed papers (Eagle Vision - blue)
technique * Paper housed in impervious wrap, to reduce evaporation. Esquivel and Holly
Sensitivity Differentiating ‘sicca’ from normails: van Bijsterveld 1969
(true positives) [85%] < 5.5 mm cut off
Specificity {100 - false positives) [83%] < 5.5 mm cut off van Bijsterveld 1969
Test problems Full details of Schirmer not stated in this paper.
Two eye data was pooled for analysis, for all measures (ie. Including rose bengal and
lysozyme
Glossary ‘sicca’ = keratoconjunctivitis sicca = dry eye. In this study it probably equates with
aqueous-deficient dry eye.
REFERENCE

van Bijsterveld OP (1969). Diagnostic tests in the sicca syndrome. Arch Ophthalmol 82:10-14

Holly FJ, Esquivel ED. Lacrimation kinetics as determined by a novel technique, in Holly FJ (ed). The preocular tear film.Lubbock TX, Lubbock Dry
Eye Institute, 1986, pp 76-88
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DEWS DRY EYE: DIAGNOSTIC TEST TEMPLATE

RAPPORTEUR Michael A. Lemp 16th Oct 2004;
15th March 2006

TEST Tear Osmolarity

TO DIAGNOSE

Global test for dry eye

Sullivan 2004

VERSION of TEST

OcuSense Volume Independent Tear Osmometer

DESCRIPTION

This “lab-on-a-chip” test uses a combination of impedance information with
sophisticated mathematics to derive tear film osmolarity. A small nanoliter tear sample
is obtained with a standard micropipette and is then automatically transferred to a chip
surface. A precise readout is obtained in seconds after the transfer.

CONDUCT of TEST

1. Snap microchip in place

2. Touch lower lid with microcapillary
3. Let capillary action draw a few nL
4. Place capillary in machine

5. Read osmolarity

Web video

Available:[No]

Materials

¢ 1-lambda microcapillary
e microchip
¢ Both available from OcuSense

Standardization

Time of day [V ] Temperature [V ] Humidity [V ] Air speed [ V] llumination [V ]
Assumed to influence
Other: [ Avoid reflex tearing ]

White et. al. Showed that use of a slit lamp has upwards of a 7 mOsm/kg effect on
the value of osmolality due to the induction of reflex tearing.

Overstimulation during collection is discouraged. Reflex tears have far lower
osmolality (= 5%, Nelson, 1986) than basal tears.

White et al 1993
Nelson et al 1986

Repeatability

Intra-observer agreement. [ ]
Inter-observer agreement. [< 2.6% 1st prototype]

Sullivan B 2004

Sensitivity (true positives) [ projected 94%) Sullivan B 2004
> 318 mOsm: —provisional
Specificity (100 - false positives) [ projected 84%)] Sullivan B 2004

Test problems

Limited availability

Test solutions

Commercial development

FORWARD LOOK

This is a high throughput test that can be performed by a technician, and currently
carries a miscellaneous CPT.

REFERENCES

Farris RL. Tear osmolarity-a new gold standard? Adv Exp Med Biol 350:495-503, 1994
Nelson JD, Wright JC. Tear film osmolality determination: an evaluation of potential efrors in measurement. Curr Eye Res Sep;5(9):677-81, 1986
Sullivan B, et al. 4th International Conference on the Lacrimal Gland, Tear Film & Ocular Surface and Dry Eye Syndromes, 11/20/04

White KM, Benjamin WJ, Hill RM. Human basic tear fluid osmolality. I. Importance of sample collection strategy. Acta Ophthalmol (Copenh)
Aug;71(4):524-9, 1993
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