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Abstract

Introduction: Increasing awareness of the importance of
dry eye disease for the outcome of ocular surgery does
emphasize the need for facilitated diagnostic of the ocular
surface condition. Currently, corneal fluorescein staining is
usually evaluated using the modified Oxford scale in which
conjunctival staining is of minor importance and, based on
the counting of dots, difficult to assess. We searched an
alternative, easily accessible rating option to evaluate
conjunctival changes associated with dry eye disease.

Methods: Using standard fluorescein staining, cobalt blue
light, and vyellow filter we investigated routinely the
conjunctiva of patients over 6 months. The specific staining
of the conjunctiva was documented digitally 0-30 seconds
after instillation of the dye. The staining pattern of patients
with dry eye was analyzed.

Results: A clearly distinct change of conjunctival staining on
the bulbar conjunctiva was observed in eyes with tear film
insufficiency. This sign is easily visible by the use of blue
light with a yellow barrier filter. The sign is termed
sandbank epitheliopathy of the conjunctiva (SEC). Its’
anatomical correlate are ripples of the conjunctiva that,
clearly stained with Fluoresceine, do increase with the
severity of dry eye. This specific conjunctival staining does
vary with the severity of dry eye.

Discussion: A new conjunctival indicator dry eye disease is
presented. The pathophysiological processes leading to SEC
are outlined. The ease of access to see SEC gives an
alternative to the grading conjunctival fluorescein staining
with the Oxford scale. The SEC scale ranges from 0 to 3. The
presence of conjunctival stress due to increased friction at
the ocular surface does begin at SEC grade I|. A practical
guide with case illustrations is presented leading to a
preliminary  grading scale.  Conclusion: Sandbank
epitheliopathy of the conjunctiva (SEC) can be identified in
patients with dry eye disease. As soon as SEC is clearly
visible on the conjunctiva, pre- and postoperative treatment
with tear fluid modifying agents such as gels or high
molecular weight tear fluid substitutes or tear fluid

additives is encouraged in order to minimize their potential
negative impact on the surgical result.

Keywords: Fluoresceine; Staining; Dry eye disease;
Surgery; Conjunctiva

Introduction

The use of vital staining with different dyes is a standard
procedure in ophthalmology for the evaluation of ocular surface
integrity and health. Especially in the evaluation of dry eye
disease and damages on the surface the staining with dyes plays
an important role for diagnosis and treatment. Confirmed by the
report of DEWS [1], the literature does support the use of
especially fluorescein staining for grading and investigating dry
eye disease. Even latest publications such as the algorithm for
the diagnosis of severe dry eye disease does use corneal
fluorescein staining as key indicator for the severity of ocular
surface damage [2]. As a very practical tool guidelines that give
orientation for grading of severity often the Oxford scale is used
[3,4]. Accordingly, it has received wide recognition and is used
by many. Even this technique, however, does focus mainly on
the visible surface of the eye exposed to the environment.
(Figure 1a), although the cornea is covered to full extend, the
conjunctival surface is only judged in the visible area medially
and temporally the cornea. Here cornea and conjunctival
damage is identified by the presence of countable dots where
their number is considered equivalent to disease severity. This is
on the conjunctiva not an easy task. Similarly to evaluations of
staining with fluorescein also other dyes mainly focus on the
exposed areas of the lid cleft [5]. Other dyes such as Rose Bengal
[6] formerly used for the staining of both cornea and conjunctiva
have been replaced by the use of lissamene green [7]. Since
years, there is evidence, however, that these clinical signs do not
match the symptoms [8]. Considering the subjective symptoms,
it is not only the cornea but also the conjunctiva that is very
sensitive to traction forces and friction. Here, it could well be,
that initial signs of dry eye disease are found rather underneath
the lids than on the cornea. It is here, where the major surface
of the bulbar conjunctiva is in close contact with the palpebral
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conjunctiva covering the lids from the inside. Due to the
movement of the eye and the movement of the lids the demand
on superior lubrication in this narrow space is evident. If clinical
signs do occur in association with decreased lubrication, it is the
area of the bulbar conjunctiva that could disclose such changes
most easily. This has this far not been done. In order to verify
this theory we investigated the fluorescein staining of the bulbar
conjunctiva in patients with dry eye disease.

Methods

During routine examination patients with dry eye disease of
various degrees and patients prior to cataract surgery were
evaluated for the fluorescein staining of the bulbar conjunctiva.
Age and gender was not subject of this study. All investigations
were performed with a slit lamp using a fluorescein (narrow-
band blue exciter filter and yellow Kodak Wratten 12 barrier
filter as described by Bron et al. [3]. All staining’s were
performed using a standardized procedure. Here a 0.5%
fluorescein solution without any additives was applied with
micropipettes 5 pl of in the lower meniscus of the eye. All
photographs were taken within the first 30 seconds after
application of the drop containing fluorescein, allowing the best
possible staining pattern. All investigations were part of the
routine examination procedure for dry eye disease. The
regulations of the Declaration of Helsinki were respected.

Results

In all patients fluorescein staining could be observed, both
with some punctate staining that could also be used for the
Oxford scale (Figure 1a) but also at the a special pattern of
fluorescein staining on the bulbar conjunctiva of patients with
tear fluid deficiency. A clearly distinct change of conjunctival
staining was observed in eyes with tear film insufficiency (Figure
1b). The analogy to the patterns in water is striking (Figure 2)
and hence this sign is termed sandbank epitheliopathy of the
conjunctiva (SEC).

The anatomical correlate of sandbank epitheliopathy of the
conjunctiva (SEC) are ripple like staining pattern of the
conjunctiva that do increase with the severity of dry eye .In the
healthy eye this ripple-pattern is not visible. In a minor degree of
increased friction the first line segments occur, which however
are rather short (>1 mm) and not continuous. This is determed
as sandbank epitheliopathy of the conjunctiva (SEC) stage | or
SEC I. Even if rinsed with balanced salt solution or as equal this
staining will not go away easily. It is not an artifact due to
trapped fluorescein, caught in the micro-ridges and micro-
valleys of the conjunctiva. In patients with more intense
complaint the edges of the short line segments begin to merge
and to form longer line sections (1-3 mm). This is determed as
sandbank epitheliopathy of the conjunctiva (SEC) stage Il or SEC
Il. Then in patients with severe dry eye, often with a longer
history of intense complaints, we could see the highest form of
expression of conjunctival staining in which the lines are
continuous over a few mm (>3 mm) and more intense. This is
determed as sandbank epitheliopathy of the conjunctiva (SEC)
stage Il or SEC Ill. All these changes are made easily visible using
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cobalt blue light in combination with a yellow filter. A practical
guide with case illustrations is presented leading to a
preliminary grading scale (Figures 3 and 4).

The observation that fluorescein does by times cause patterns
of staining on the conjunctival surface is not new. As early as in
1990 Eliason and Maurice reported the occurrence of lines and
patches of the conjunctiva. These were found remain constant
over a long period but later on not further evaluated. Increased
fluorescence at folds within the conjunctiva was judged to be
principally due to increased thickness of the fluorescein layer in
these areas compared with the surrounding region. They have
this far not been associated with ocular surface disease. Instead,
it has been observed that with increasing severity of dry eye
disease special change does occur on the conjunctiva. The use of
an efficient pair of excitation and barrier filters leads to a
considerable increase in contrast of the dye and allows
conjunctival lesions to be identified [9]. Using this technique,
punctate staining was already earlier quantified by the grading
scheme described by van Bijsterveld [6] using four areas: cornea,
and nasal, temporal and inferior conjunctiva. Similar as on the
cornea, fluorescein take up, i.e. staining does occur also in the
conjunctiva. As a very practical tool guidelines orientation for
such severity grading the Oxford scale [3,4] has received wide
recognition and is used by many. Still, in today’s approach,
conjunctival health is judged by the recognition and counting of
punctate staining spots over the conjunctiva with fluorescein;
similar to corneal staining with or without the use of a barrier
filters [3].

This study shades doubt on this concept and does add the
need to evaluate also the pattern of conjunctival staining in
order to understand conjunctival health. As evidenced by the
presented results, it appears that punctate staining is only the
first step towards conjunctival pathology assessment associated
with dry eye. The conjunctival lines as described by Eliason and
Maurice (1990) are not usually present in the healthy
conjunctiva of the young. As this study shows, they do not only
possibly correspond to folds in the conjunctiva as suggested
earlier. Instead the visibility and the location of these lines as
well as their continuity, i.e. longer lines or shorter lines, vary
between individuals and remained constant over a long period
of observation. They do not go directly away by simply flushing
the surface. They remain clearly visible even after washing with
application of NaCl physiological solution or BSS, hence are not
only a pooling effect. It is hence concluded that these lines may
identify epithelial stress lines indicating areas of confluent minor
lesions of the conjunctival surface. In analogy to the physical of
phenomen observed of the interface between water and sand in
which turbulence and friction are major actors, also surface
anomalies are formed.

Even though microscopic, the surface changes may initially be
only visible as localized punctate staining. However, with time,
prolonged and enhanced friction they may aggregate to lines
and cause visible changes. In localized areas of surface lesions,
lubrication deficiency may lead to localized epithelial damage,
evidenced by uptake of some dye such as fluorescein. These
fluorescein stained lines most likely are lines of epithelial surface
damage and with this outline areas exposed to enhanced stress
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and friction when the lidis moving above this surface. Increased
friction, in turn could result in the same phenomena as reported
by the physicist Hertha Ayrton (1910) [10]. In nature we find the
same lines or ripples for example in sandy waters. It is due to
this analogy the here presented staining pattern is named
Sandbank Epitheliopathy of the Conjunctiva (SEC). Although a
simple grading has been her suggested according to the
appearance of the ripples further studies are needed to optimize
and facilitate the use of this indicator. It will be shown if there is
additional option and clinical relevance to look at the density of
the ripples, their geometry, density etc during different phases
or groups of dry eye diseases. It remains to be clarified to which
parameters of current tear fluid/dry eye diagnostics the SEC is
correlated with. Specific studies to this subject have been
initiated.

s

Figures 1a and 1b: a) Classic grading using Oxford scale
counting dots; b) Identifying SEC (Sandbank conjunctival
epitheliopathy) , the new approach to conjunctival grading.
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Figure 2: Sandbank epitheliopathy of the conjunctiva (SEC)
and it’s similarity in nature.
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In contrast to the genesis of these ripples in water and sand,
basic forces as outlined by Allen 1969 [11] are slightly different
in the eye. Although fluid flow, i.e. basic flow, and with this
transverse regions of flow separation, i.e. corkscrew vortices
parallel to flow that resemble Taylor-Gortler vortices possibly
exist, it must be remembered that the driving force in the origin
of the ripples of the conjunctiva is not of centrifugal origin
suggested for water and sand [12], but more of mechanical or in
that is caused by lid and eye movement. The development of
ripples as well as SEC is a result if friction. This is a highly natural
phenomenon.
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Figure 3: Ripples of the conjunctiva and in sandy waters.
Similarities of effects of friction.
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Figure 4: Ripples of the conjunctiva suggestion to stages SEC |
to Il in severity dry eye disease.
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As the conjunctiva is an elastic tissue no direct analogies may
be drawn to the detailed knowledge about ripple concentration
and forms [11] in interfaces such as water and sand. However
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the similarities are striking (Figure 4). Although the
temperatures are considered rather stable exposure to extremer
temperature could, similar to physical fluids could increase
friction leading enhanced expression of ripples. This could fit in
the concept of psychrometry in dry eye disease [13].

The SEC is also a valuable asset in the pre-operative
determination of ocular surface condition, especially prior to
performing surgery. Perioperative changes of the surface have
en described already by Norn [14]. Although there is increasing
awareness of postoperative dry eye syndrome [15] the
preoperative evaluation is still not sufficiently standardized in
order to establish successful preoperative treatment of tear fluid
insufficiencies prior to surgery both in cataract [15], glaucoma
and laser surgery. Preoperative surface alterations will enhance
the likelihood of postoperative dry eye complaints and changes
when they combine with peri-operatively introduced known
DED triggering factors such as mechanical forces aging, thermic
and phototoxic effects and chemical toxicity of glaucoma
treatment [16-20].

Conclusion

Fluoresceine stained lines of the conjunctiva are not just and
only an accidental finding. They are not just lines without any
pathophysiological relevance. They are signs of enhanced
friction, i.e. of a lubrication deficit. Using the suggested
identification of various degrees of sandbank epitheliopathy of
the conjunctiva (SEC) may become a valuable and easy asset in
the diagnosis and stageing of dry eye disease. It is
recommended to add the detection of SE to the Minimally
Invasive Tests suggested by [3] using fluorescein. The evaluation
is easily performed along with BUT, i.e. the Fluorescein tear
breakup, and the coordinated grading staining after fluorescein
instillation according to the Oxford scheme, the assessment of
the meniscus profile and estimation of tear turnover. As SEC
evaluation gives a good idea about the friction between inner
surface of the lids and the surface of the conjunctiva already
pre-operatively precautionary treatment with lubricants such as
gels can be initiated favouring an optimized postoperative
healing phase by minimizing additional ocular surface stress and
friction.
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