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Abstract

Purpose:

To describe the Oxford Scheme for grading ocular
surface staining in dry eye and to discuss optimi-
zation of stain detection using various dyes and
filters. Also, to propose a sequence of testing for
dry eye diagnosis.

Methods:

The grading of corneal and conjunctival staining is
described, using the Oxford Scheme, including bio-
microscopy, optical filters, illumination condi-
tions, and the characteristics of and instillation
techniques used for, selected clinical dyes.

Results:

A series of panels, labeled A-E, in order of increas-
ing severity, reproducing the staining patterns en-
countered in dry eye, are used as a guide to grade
the degree of staining seen in the patient. The
amount of staining seen in each panel, represented
by punctate dots, increases by 0.5 of the log of the
number of dots between panels B to E. The use of
the vital dyes fluorescein, lissamine green, and
rose Bengal is described; fluorescein and lissamine
green, used in conjunction with appropriate ab-
sorption filters, are recommended for use in clini-
cal trials. The placement of staining in relation to
the sequence of other diagnostic tests is discussed.

Conclusions:

The monitoring and assessment of corneal and
conjunctival staining can be greatly enhanced by
the use of a grading scale, controlled instillation of
dyes, and standard evaluation techniques. This is
of particular benefit in clinical trials, where ocular
surface staining is commonly employed as an out-
come measure
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G rading staining of the ocular surface af-
ter instillation of vital dyes is a critical
component of dry eye diagnosis. Pfliiger was
the first to describe vital staining of the cor-

nea and conjunctiva in 1882,' and Fromm
and Groenouw (cited by Joyce) reported the
use of fluorescein to stain damaged corneal
epithelium in 1891.% Staining of the ocular
surface with various dyes is used to charac-
terize disease, assess its severity, and monitor
the clinical response to therapy. It is also
used as an outcome measure in clinical trials.
For any of these purposes, but particularly for
clinical trials, it is essential to standardize the
procedures used. This paper describes a stan-
dardized approach to the grading of ocular
surface dye staining in dry eye, using the Ox-
ford grading system.>* Much of the paper
deals with the details of dye selection and
instillation. The approaches proposed are
equally relevant to other grading systems.”>”’

Because of the invasive nature of some
of the tests performed in the diagnosis of dry
eye, it is important to perform them in a se-
quence that minimizes their interaction and
limits the extent to which one test influences
the outcome of the tests that follow. The se-
quence described here assumes that most or
all tests are performed at the same visit for
reasons of convenience and, in the clinical
trial setting, to achieve compliance. How-
ever, instances may arise when, for opera-
tional reasons, tests would be conducted at
separate clinic visits.

THE GRADING SCHEME

The Oxford grading scheme was devel-
oped to quantify the amount of epithelial sur-
face damage in patients with dry eye. Be-
cause the grading charts used were devised
to represent patterns of staining commonly
encountered in dry eye, its use is not recom-
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mended to quantify staining in other ocular
surface disorders.

The Oxford system uses a chart consist-
ing of a series of panels, labeled A-E in order
of increasing severity. In each chart, staining
is represented by punctate dots. The number
of dots increases by 1 log unit between panel
A and B and by 0.5 log units between each of
panels B to E inclusive. To grade staining,
comparisons are made between the panels
and the appearance of staining on the ex-
posed interpalpebral conjunctiva and cornea
of the patient.

The details of the chart are presented in
(Fig. 1) and are resupplied in Figure 4 in a
simplified form suitable for use in clinical tri-
als. The charts presented are from a high-
resolution scanned image of the original
chart devised in 1984. In Figure 1, each panel
indicates the dot count on a log scale. This
information has been removed from the chart
presented in Figure 4, and it is suggested that
potential users scan in and print out the sheet
for clinical use.

METHOD FOR USING THE
GRADING SCHEME

After instillation of the dye, the eye is
examined with the slit-lamp microscope us-
ing standard settings (eg, x16 magnification
with x10 oculars using the Haag-Streit slit-
lamp). For clinical trial purposes it is essential
that all observers use exactly the same tech-
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FIGURE 1. This figure depicts the grading panels,
their numerical grade, the dot count and log of
dot numbers, as well as the verbal descriptor for
each grade.
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nique, including slit-lamp magnification and
illumination. If this cannot be achieved, then
it is at least advisable that the same micro-
scope be used within a unit, from visit to
Visit.

To observe and grade staining over the
entire corneal surface, it is important for the
examiner to raise the subject’s upper eyelid
slightly (Fig. 2b). For the conjunctiva, the
temporal, interpalpebral conjunctival zone is
observed with the subject looking nasally
along the horizontal plane, and the nasal con-
junctiva is observed with the subject looking
temporally (Figs. 2a and 2c, respectively).
The system can also be adapted to include
the upper and lower conjunctiva for some
purposes. (Fig. 3) shows lissamine green (Fig.
3a) and fluorescein (Fig. 3b) staining of the
upper bulbar conjunctiva of the same eye.

When an assessment is made, it is im-
portant that the gestalt appearances of the
ocular staining and panels are compared. The
grading panels should be readily visible to the
examiner during the evaluation. It is conve-
nient to post the panel on a nearby surface
that allows the examiner to view it while
looking up from the slit-lamp microscope.
The examiner can then look back at the pa-
tient and easily compare the overall appear-
ance of the corneal or conjunctival staining.
No attempt should be made to count the dots
or to assess the position or confluence of the
dots. The best way to approach this is for the
observer to see which panel best represents
the number of dots on the cornea or the con-
junctiva and record the corresponding grade
number. With this approach, selecting the
appropriate grade is surprisingly easy.

The verbal descriptor is not used other
than as a guide to the relative severity of
staining in each grade; only the grade num-
ber is recorded.

SELECTION OF STAINS FOR
ASSESSING OCULAR
SURFACE DAMAGE

Different vital dyes may be selected for
staining the ocular surface, each with relative
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FIGURE 2. Eye positions adopted for grading. a,
The nasal conjunctiva of the right eye is observed
with the subject looking temporally in the hori-
zontal plane. In this example, punctate fluores-
cein staining is evident. b, Assessment of corneal
staining is performed with the upper lid raised.
The cornea shown here has been stained with
rose Bengal. Staining is seen well against a blue
iris. ¢, Temporal conjunctival staining of the right
eye is observed with the subject looking nasally
along the horizontal plane. Fluorescein pooling is
seen, but no staining. The coarse spots of fluo-
rescence are stained mucus. Fluorescein staining
photographed using a narrow-band blue exciter
filter and a yellow Kodak Wratten 12 barrier filter.

advantages and disadvantages. Lists of manu-
facturers of dyes and filters used to assess

staining can be found in (Tables 1 and 2).
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FIGURE 3. The grading system can be adapted
to include the upper and lower conjunctiva for
some purposes. In this example the upper con-
junctiva of the same eye has been stained se-
quentially with (a) fluorescein (narrow-band blue
exciter filter; yellow Kodak Wratten 12 barrier
filter) and (b) lissamine green. Corresponding re-
gions of staining are indicated with arrows.

The cornea and conjunctiva are ob-
served after instillation of fluorescein, rose
Bengal, or lissamine green. Other dyes, not
commercially available, have also been rec-
ommended.?® Fluorescein sodium is mostly
ionized at physiologic pH and does not pen-
etrate the intact corneal tissue or stain vital
tissue.' It reaches its maximum fluorescence
at pH 8.0. In the presence of an epithelial
defect, staining must be graded as quickly as
possible after instillation because the dye
then diffuses rapidly into the tissue, and its
high luminosity results in a blurring of the
staining margin.

Staining after the instillation of rose
Bengal or lissamine green persists for longer
at high contrast and may therefore be ob-
served for a considerable period after instil-
lation. This is convenient for both grading
and photography.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



Graded Eye Surface Staining as a Dry Eye Test

TABLE 1. Product Information for Ocular Surface Staining: Dyes

Product
Dyes Company Type Specifications Units
Minims® Chauvin Pharmaceuticals, Solution 2% 20 x 40 uL
fluorescein Essex, UK unit dose
sodium
Fluorets® Chauvin Pharmaceuticals, Strips 1 mg 100 sterile strips
Essex, UK or Akorn, IL
Ful-Glo® Akorn, IL Strips 0.6 mg 300 strips
Rose Bengal Akorn, IL Strips 1.3 mg 100 sterile strips
Minims® Rose Chauvin Pharmaceuticals, Solution 1.0% 20 x 40 pL unit dose
Bengal Essex, UK
Lissamine Akorn, IL Strips 1.5 mg 100 sterile strips
green Rose Stone Enterprises,
Alta Loma, CA
Lissamine Leiters Park Aveune Solution 1.0% As ordered
green Pharmacy, CA

FLUORESCEIN SODIUM

Fluorescein has many advantages over
other dyes, including its commercial availabil-
ity and high tolerability. Single applications
of fluorescein do not cause stinging. Al-
though fluorescein has been reported to in-
duce ocular surface staining after sequential
instillations of highly concentrated solutions
in normal subjects, this is not relevant to its
use as described in this article."!

Fluorescein sodium is available in a 2%
solution in unit-dose form. Sterile, preserva-

tive-free unit-dose preparations avoid the risk
of bacterial contamination associated with
multidose preparations. Fluorescein sodium
is also available in the form of paper strips
with fluorescein-impregnated tips. Saline is
used to wet the strip and deliver diluted fluo-
rescein to the ocular surface.

For both the drop and paper strip meth-
ods of instillation, the aim is to achieve highly
fluorescent staining of areas of loss of epithe-
lial integrity. At a 2.0% concentration, fluo-
rescein sodium is nonfluorescent, whereas

TABLE 2. Product Information for Ocular Surface Staining: Filters

Product Filters Company Type Specifications Units
Wratten 47 Kodak, distributed by  Gelatin ~ Transmission 7.5 %x 7.5 cm
blue excitation Edmund Industrial peak 410-500 nm
filter Optics, NJ
Wratten 12 Kodak Gelatin ~ Transmission 7.5 x 7.5 cm
yellow absorption peak 510+ nm
filters
Yellow Edmund Industrial Glass 520 nm 7.5 x 7.5 cm
interference Optics, NJ filter
filter
Wratten 58 Kodak Transmits in the green
absorption
filter
Wratten 92 Kodak 92 Gelatin ~ Transmits in the red 7.5 x 7.5 cm
absorption
filter
Hoya 25A Hoya Glass Transmits in the red 6.2 cm diameter
absorption
filter
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fluorescein is highly fluorescent at concentra-
tions in the region of 0.1%.'° In this concen-
tration range, the luminosity of fluorescence
is proportional to the tear film thickness ob-
served.

Instillation Technique

Quantified Drop Instillation

For clinical trials, a specific volume and
mode of administration must be used. A small
drop of 2% sterile fluorescein can be instilled
into each conjunctival sac with a micropi-
pette (using a sterile tip) or a glass capillary
tube. The volume instilled is usually about 2
uL. Using larger volumes at 2% concentration
risks the possibility that in a very dry eye,
there will be insufficient tears to dilute the
instilled fluorescein into the fluorescent
range. At a higher concentration fluores-
cence is quenched, and the fluorescein re-
mains dark in appearance.

Unquantified Instillation—Impregnated
Paper Strips

This is a convenient approach in the
clinic using the following method of applica-
tion:

A single drop of sterile, unit-dose saline
is instilled onto a fluorescein-impregnated
strip. The drop is allowed to just saturate the
impregnated tip, at which point the excess is
immediately shaken free into a waste bin.
The lower eyelid of the right eye is then
pulled downward, and the strip is immedi-
ately tapped onto the lower tarsal conjuncti-
val surface. A similar procedure is carried out
in the left eye. The tap must be rapid enough
to deliver only a tiny volume, and some ex-
perience is required. If too large a volume is
delivered, then the concentration in the tear
film may be too high, and the tear film and
staining pattern will be nonfluorescent.

Timing

Because fluorescein diffuses rapidly
into tissues in the presence of an epithelial
defect, the delineation of punctate staining is

lost in a short period of time. It is therefore
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essential to assess staining rapidly in the right
and then the left eye in sequence, so that the
staining pattern observed in the second eye is
as crisp as that seen in the first eye. This is
worthwhile because, in clinical studies, the
fluorescein breakup time (FBUT) is usually
performed before grading of the staining.

If it is of interest to photograph the
staining pattern, then instillations should be
separated in time, and photography should
follow immediately after each instillation.

Exciter and Barrier Filters

The correct way to assess fluorescence
at the ocular surface is to use a blue exciter
filter over the white light source and a
complementary yellow or orange barrier fil-
ter over the slitlamp objective. This high-
lights the fluorescence and makes staining
more easily visible, particularly over the bul-
bar conjunctival surface. In the absence of a
yellow barrier filter, the scatter of blue light
from the sclera greatly reduces the contrast
of fluorescein staining.

Many slitlamps have built in “cobalt”
blue exciter filters. Determination of the
transmission characteristics of this filter will
allow the selection of an appropriate comple-
mentary yellow barrier filter to observe fluo-
rescence, but usually, a standard yellow bar-
rier filter will suffice (Table 2). Ensuring that
the transmission wavelengths of the exciter
and barrier filters overlap as little as possible
reduces pseudofluorescence, enhances con-
trast, and improves detection of staining.'?

The absorption peak of fluorescein so-
dium occurs between 465 and 490 nm, and
the emission peak between 520 and 530
nm.'>'3 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 (trans-
mitting above 510 nm) in combination with a
blue Wratten 47 or 47A exciter filter. The
47A filter was designed especially to stimu-
late fluorescein fluorescence and shows
greater transmittance than the Wratten 47
over the absorption range.
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Where more light is required for pho-
tographic purposes, narrow-bandpass inter-
ference filters can be used.'® Another ap-
proach is to use a white light source and a
blue-green filter over the objective lens (peak
transmission at 508 nm), which transmits
wavelengths that the dye absorbs. With this
technique, conjunctival staining appears
black against a green background.'®

The use of both exciter and barrier fil-
ters 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 stain-
ing.

Disadvantages of
Fluorescein Staining

The staining must be read immediately
after the FBUT measurement so that the areas
of staining are sharply delineated. Once dif-
fusion has occurred, the original pattern of
staining may be obscured.

The fluorescent tear film itself may ob-
scure the staining pattern because, over a
range of concentrations around 0.1%, fluores-
cence is proportional to the thickness of the
tear film. Therefore, the thicker the tear film
at the time of observation, the more the stain
pattern will be obscured by tear film fluores-
cence. If the patient is asked to blink a few
times, this permits tear film fluorescence to
be distinguished from its staining.

ROSE BENGAL

Rose Bengal is a fluorinated dye. When
supplied in drop form it stings greatly on in-
stillation and induces reflex tearing. In the
past this was attributed to pH, but current
commercial preparations are formulated at
close to physiologic pH. Rose Bengal is, how-
ever, intrinsically toxic.'®!” In fact, it has
been shown to suppress human corneal epi-
thelial cell viability in vitro; lissamine green
does not have this effect and stains the same
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areas stained by rose Bengal, which has led
many to recommend the clinical use of lissa-
mine green over rose Bengal in evaluation of
ocular surface disorders.'® The staining that
rose Bengal dye produces on the conjunctiva
and cornea is dose dependent.'”*° If drop
size (or drop concentration) is reduced to
minimize stinging on instillation, the amount
of staining is also reduced. The best staining
results are achieved by instilling a full drop
(eg, 25 uL) of a proprietary preparation into
the conjunctival sac. Because rose Bengal
stings, its instillation is best preceded by a
topical anesthetic.

Instillation Technique

A drop of sterile, mild anesthetic is in-
stilled into the conjunctival sac, and the pa-
tient is allowed to recover from the mild de-
gree of stinging. Recovery is very rapid. (If
desired, after Proxymetacaine, a drop of
Amethocaine 1.0% can be instilled, which
provides a deeper level of anesthesia and fur-
ther protects against marked stinging from
the rose Bengal.)

A drop of rose Bengal 1.0% is instilled
onto the surface of the upper bulbar conjunc-
tiva with the upper lid retracted and the pa-
tient looking downward.

Note that because both drop and anes-
thetic may stimulate reflex tearing, the test
should follow measurement of the FBUT and
measurement of the Schirmer test. (Conjunc-
tival staining from insertion of the Schirmer
paper can usually be distinguished from that
related to the dry eye disease.) A suggested
order of dry eye assessment procedures is
included later in this document.

Preventing Overspill
If the rose Bengal drop spills over onto
the lid skin, which is common, this will pro-
duce a cosmetically unacceptable staining of
the skin that may last for several hours. The
following method can minimize such over-
spill:
1. Before instilling the rose Bengal drop, pull
the lower lid down to make more space in
the lower fornix of the conjunctival sac.

CORNEA

Volume 22, Number 7
October 2003



CORNEA

Volume 22, Number 7
October 2003

Bron et al

2. With the eye looking down, retract the
upper lid and instill the drop onto the up-
per bulbar surface, letting it flush down
over the conjunctival and corneal surface.
The rose Bengal collects in the lower for-
nix.

3. Let the patient blink gently. In this way
the upper lid draws rose Bengal from the
lower fornical pool over the surface of the
globe and distributes it over the whole of
the ocular surface.

4. Before releasing the lower lid, place a tis-
sue at the temporal lid margin to mop up
excess rose Bengal.

5. Let the patient close the lid and release
the retracted lower lid slowly, while si-
multaneously drawing up the excess rose
Bengal into the tissue paper by capillary
action.

6. When you think that you have removed all
the excess rose Bengal, let the patient
blink freely but then mop up the further
excess of dilute rose Bengal that appears
with a tissue.

This should minimize skin staining and is
quicker to do than it sounds.

Both eyes may be stained before grad-
ing because there is no risk of the staining
pattern in the first eye being obscured by the
time the second eye is graded.

Visibility

Rose Bengal staining on the conjunctiva
shows up well against the light scattered
from the white sclera. It may also show up
well on the cornea against a light blue iris
background. However, with a dark brown
iris background the staining pattern is diffi-
cult to see. A red-free (green) light source
may enhance contrast of rose Bengal staining
over the sclera. Alternatively, a white light
source may be used, with a green filter over
the objective lens transmitting over the range
545-567 nm, which is absorbed by rose Ben-
gal. Conjunctival staining appears black
against a green background.15 A suitable filter

is a Kodak Wratten 58.
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Phototoxicity

Rose Bengal is intrinsically toxic, but it
can also be photoactivated by ultraviolet ra-
diation, which can cause further toxicity.'”
Photoactivation by sunlight will increase
symptoms postinstillation, especially in dry
eye patients with heavy staining. Patients in
this situation may report prolonged eye pain
following rose Bengal instillation. This postin-
stillation pain can be minimized by liberal ir-
rigation with normal saline at the end of the
test.”!

LISSAMINE GREEN

Lissamine green is a synthetic organic
acid dye with two aminophenyl moieties.** It
stains the eye in a similar manner to rose
Bengal. However, it is less toxic and conse-
quently less irritating to the ocular surface.?
In most patients, lissamine green 1.0% will be
tolerated as well as fluorescein sodium. As
with rose Bengal, lissamine green staining is
dose-dependent. Therefore, if a tiny volume
is instilled into the conjunctival sac, the stain-
ing that occurs will be very limited.

Lissamine green is readily available in
impregnated strips or may be ordered as a
preprepared 1.0% solution from some phar-
macists. Whether the solution or the wetted
strips are used, because the dye does not
sting, there is no need to limit dose volume,
and a full drop should be instilled (say 25 uL)
to maximize the staining observed.

Instillation Technique

The instillation procedure for lissamine
green solution is identical to that used for
rose Bengal, and the same precautions to
limit skin staining should be applied. It
should be noted that impregnated strips are
also available.

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 vis-
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ible against a dark brown iris background.
For both rose Bengal and lissamine green, be-
cause the dyes are poorly seen within the
tear film, the dye in the tear film does not
obscure the staining pattern. Also, because
both dyes do not diffuse into the substantia
propria of the conjunctiva, the staining pat-
tern is retained longer. Using a white light
source and a red filter over the objective lens,
transmitting over the wavelengths absorbed
by lissamine green (634-567 nm), conjuncti-
val staining appears black against a red back-
ground.'” A suitable filter is a Hoya 25A or a
Kodak Wratten 92.

SELECTION AND SEQUENCE OF
TESTS FOR DRY EYE ASSESSMENT

The order of tests used in dry eye diag-
nosis is critically important because each test
may influence the next. In general it is good
practice to work from the least invasive to
the most invasive test. The following clinical
tests are presented in order of increasing in-
vasiveness. This is not a comprehensive list
but simply a representative sample of tests
frequently performed. Because some of the
tests are mutually exclusive, it is not sug-
gested that all tests in each section should be
performed.

Symptoms and History

A record is required of clinical history
and ocular symptoms. A number of authors
have developed validated questionnaires for
the assessment of dry eye.?*"?° None of these
questionnaires attempts to distinguish symp-
toms arising specifically from the lids (as
might occur in blepharitis) from those arising
solely from the ocular surface.

Noninvasive Tests

A number of tests are regarded as non-
invasive although, because they involve pa-
tient positioning and examination with a
light source, it must be accepted that there
may be a minimally invasive element. It is
likely, too, that timing of the tests may deter-
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mine whether they are conducted in steady-

state conditions. Standardization of the envi-

ronment and conditions of measurement are
most likely to reduce variation caused by
such factors.

The noninvasive tear breakup test (NIBUT)
was created to measure the stability of
the precorneal tear film.*° It involves
projection of a target onto the convex
mirror surface of the tear film and re-
cording the time taken for the image to
break up after a blink. The test was
originally performed with a custom-
built “Toposope” but has also been per-
formed over a limited zone of the ex-
posed precorneal film, using the kera-
tometer.>' It can be conveniently
measured using the TearscopePlus™,
which is commercially available.>?

Tear film lipid layer interferometry examines
and grades tear film lipid thickness on
the basis of the observed interference
colors and patterns. Currently available
apparatus includes the TearscopePlus’"
and the Kowa DR-1 (specular reflection
video recording system).>*

Reflective meniscometry is used to measure
the curvature of the lower tear menis-
cus, from which meniscus volume can
be approximately calculated and total

tear sac volume inferred.>#3°

Minimally Invasive Tests

The following tests may be performed
immediately after the performance of nonin-
vasive tests. Certain tests involve the instilla-
tion of fluorescein. As noted earlier, the

amount instilled can be controlled using a

micropipette.

1. Fluorescein tear breakup time is a mea-
sure of tear film stability.>*3” The timing
of breakup of the precorneal tear film af-
ter the blink is recorded.

2. Grading staining after fluorescein instilla-
tion has already been discussed. As noted,
the FBUT and staining patterns should be
recorded in sequence, first on one eye and
then on the fellow eye, recording the
FBUT first.
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3. Meniscus profile can be photographed af-
ter fluorescein instillation and used to es-
timate meniscus volume and related pa-
rameters following a suitable interval after
fluorescein instillation.>®

4. Instillation of fluorescein is required for
the measurement of tear turnover using
fluorophotometry and other methods of
tear fluorescein clearance %

Studies of the inferior tear meniscus have
indicated that, in normal eyes, without punc-
tal occlusion, tear meniscus height is restored
to normal within 5 minutes after the instilla-
tion of a 5-uL drop of normal saline.**

On the basis of this, a 5-minute gap is
recommended before the next tests.

Mildly Invasive Tests

Meibometry is a quantitative method
for the measurement of the basal, or casual,
meibomian lipid levels on the lid margin. It
involves application of a plastic loop to the
middle third of the slightly everted lower lid.
The change in optical density produced by
the lipid imprint is used as an index of the
casual lipid level. *> Modification of this tech-
nique to measure lipid delivery involves base-
line removal of lipid using a lipid solvent.
This will induce reflex tearing and is moder-
ately to markedly invasive.

A 5-minute gap is recommended before
the next set of tests.

Moderately Invasive Tests

A number of tests involve the insertion
of a wick into the lower conjunctival sac and
measurement of wetting length over a de-
fined period of time.

The phenol red thread test (PRTT) is
acknowledged to be less invasive than the
Schirmer test. The wetting of a cotton thread
was originally regarded as an index of tear
volume,*”*® probably influenced by the bal-
ance between negative hydrostatic pressure
in the meniscus and the capillary action of

the thread.>°
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Markedly Invasive Tests

The Schirmer I test without anesthetic
uses standard filter papers to assess reflex
tear production.®'>? Insertion of the filter pa-
per causes surface epithelial damage at the
site of insertion, which will stain with dyes
(eg, rose Bengal). This damage also results in
the leakage of plasma proteins into the tear
fluid.>®

The Schirmer I test of basal tear secre-
tion with anesthetic resembles the test with-
out anesthesia except that it involves the in-
stillation of an unspecified volume of topical
anesthetic before the test, which is mopped
out of the conjunctival sac before the test.”*
The efficiency of the latter maneuver in re-
moving fluid is not known, and no validation
of the Schirmer test with anesthetic appears
to have been reported.

The Schirmer II test measures the tear
response to nasal stimulation.>>>°

Additional Invasive Tests

Lissamine green and rose Bengal dyes,
using either drops or impregnated strips, may
be regarded as moderately to markedly inva-
sive tests because they induce reflex tearing.
Instillation of rose Bengal, as discussed ear-
lier, must be regarded as a highly invasive
test, which, in the absence of anesthesia, in-
duces pain and marked reflex tearing

Lid Assessment and Meibometry

Clinical assessment of the lid margins,
oil glands, and tarsal conjunctiva involves sig-
nificant lid manipulation, which must be as-
sumed to induced reflex tearing. This applies
to a lesser extent to the performance of mei-
bography.”>” Therefore, such tests must be
performed at the end of an examination se-
quence. A similar argument applies to the as-
sessment of tear oil quality, which involves
expression of the oil by pressure through the
lids.”®

Other Ocular Assessments
For clinical trials purposes it is usual to
include a full assessment of the anterior seg-

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



Graded Eye Surface Staining as a Dry Eye Test

GRADING OF CORNEAL AND CONJUNCTIVAL STAINING
OXFORD SCHEME

GRADE

PANEL

VERBAL DESCRIPTOR

Absent

Minimal

Mild

Moderate

=E W Severe

FIGURE 4. It is suggested that this enlarged, sim-
plified version of the grading scale page be
scanned and reproduced for clinical use.

ment (including eversion of the upper lids),
measurement of the intraocular pressure, and
an assessment of the media and fundus oculi,
with or without mydriasis. These tests would
normally be performed at the end of the “dry
eye” sequence or at a separate visit.

CONCLUSION

Correct use of ocular surface stains in
conjunction with appropriate lighting and fil-
ters can greatly enhance the detection of
staining. The use of the Oxford Grading Scale
(Fig. 4) may be copied for the reader’s use)
offers one approach to the assessment of ocu-
lar surface damage. This is useful not only in
the initial diagnosis of dry eye but also in the
monitoring of ocular surface disease over
time. The use of vital stains in conjunction
with a battery of tests will facilitate the diag-
nosis and monitoring of dry eye.
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