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2.3. Clinical assessment of corneal structure and function

A range of clinical instruments are available to assess corneal structure and function; herein,

an overview of these techniques is provided.
2.3.1. Structure
2.3.1.1. Slit lamp biomicroscopy

Slit lamp biomicroscopy is the most common method used to assess the health of the anterior
eye, including the cornea and limbus (see CLEAR Evidence-based Practice Report [1]), both
direct and indirect illumination techniques are commonly used [2].

Sodium fluorescein and lissamine green are two vital dyes used commonly for ocular surface
evaluation [3,4]. Each is typically instilled into the eye using a dye-impregnated paper strip [4—
7] or in liquid form [5,6,8]. In healthy eyes, uptake of these dyes is limited by the epithelial
glycocalyx [9]. Areas of ocular surface compromise tend to promote dye uptake, known as
‘staining’. Several grading scales exist to support standardised assessments of staining
severity including the van Bijsterveld [10], Cornea and Contact Lens Research Unit (CCLRU)
[11], National Eye Institute (NEI) [5], Efron [12] and Oxford [6] scales. Sodium fluorescein, a
water soluble dye that fluoresces yellow-green when excited by blue light (the optimal having
a wavelength of 495nm [13]), is commonly applied to allow for the assessment of corneal
staining and to evaluate rigid contact lens fittings. Sparse, punctate corneal fluorescein
staining is likely physiological, occurring as a consequence of normal epithelial shedding;
pathological corneal staining typically results in more extensive cellular damage and is
associated with enhanced staining [9]. Ocular surface staining assessment is a key element
of contact lens practice [14], and should be performed routinely to consider tissue changes
related to factors such as hypoxia, trauma, inflammation, infection, toxicity and/or exposure.

The limbus should also be carefully evaluated, including a circumferential evaluation of the
limbal vessels to consider any hyperaemia or corneal vascular encroachment. As the limbus
houses the stem cell precursors of the corneal epithelium, it is important to note any impacts
of contact lens wear. Limbal stem cell deficiency may occur as a consequence of contact lens
wear, particularly with prolonged use [15—17] (see CLEAR Complications Report [18]).



Whilst a mainstay of anterior eye evaluation, slit lamp evaluation has some limitations,
primarily related to resolution and the subjective nature of the assessment [19]. For these
reasons, a range of additional technologies have emerged, as considered below.

2.3.1.2. Topography and tomography

The evaluation of corneal shape is another key component of contact lens practice. As
reviewed by Fan et al. corneal topography and tomography are non-invasive clinical
techniques for rapid derivation of corneal quantitative parameters [20].

Corneal topography is used to evaluate the shape and physical parameters of the anterior
corneal surface. A common technique, which is dependent on tear film quality, involves
projection of a Placido disc (set of illuminated concentric rings) onto the cornea, which is
reflected and analysed to derive quantitative measures of anterior curvature [21]. Alternatively,
Fourier transform profilometry is suggested for measuring corneal and scleral topography [22].

Compared with keratometry, which measures the curvature of the principal corneal meridia at
only four locations, positioned 3 mm from the corneal apex (to derive measurements
colloquially known as ‘K-readings’), corneal topography allows for derivation of substantial
additional information including: the limbal to limbal diameter, corneal eccentricity, peripheral
corneal curvature, and quantitative shape indices (to identify conditions such as keratoconus).
Corneal topography maps can be displayed in several formats. Axial (sagittal) maps are
derived based upon the assumption that the centre of the radius of curvature coincides with
the optical axis. Tangential (instantaneous) maps show the local radius of curvature,
independent of the central axis and are useful for identifying localised changes in corneal
curvature, including in keratoconus and for orthokeratology lens fitting. Corneal tomography
involves a three-dimensional reconstruction of the cornea, from which anterior and posterior
curvature, elevation and pachymetry data can be derived. Corneal tomography can be
performed using optical coherence tomography (OCT), slit-scanning techniques or
Scheimpflug imaging [20]. Typical values for corneal shape parameters are provided in Table
3 of the main paper.

2.3.1.3. Optical coherence tomography (OCT)

OCT is based on the principle of low-coherence interferometry [23]. Previous comprehensive
reviews have considered OCT to evaluate anterior eye features [19] and for scleral lens fitting
[24]; these topics are briefly considered here.



With capacity to provide high-resolution, cross-sectional corneal images, anterior segment
OCT has been applied in the clinical evaluation and/or monitoring of a spectrum of conditions,
including keratoconus [25], corneal dystrophies and degenerations [26], corneal grafts [27],
ocular surface neoplasia [28] and dry eye disease [29]. In scleral lens fitting, OCT can inform
initial trial lens selection, be used to assess the characteristics of the lens-eye interaction and
be helpful to evaluate the ocular response to lens wear. OCT has further enabled enhanced
understanding of anterior segment anatomy, including characteristics such as scleral
thickness, curvature, toricity, and the anatomy of the corneoscleral junction [24].

2.3.1.4. In vivo confocal microscopy

IVCM, first described in 1988 [30], is a non-invasive imaging device that enables visualisation
of the cellular components of the anterior ocular structures, in particular the cornea and limbus.
IVCM has been applied to quantify a spectrum of corneal structural elements, including
epithelial [31] and endothelial cell densities [32], sensory nerve parameters [33], keratocytes
[34] and immune cells [35]. It is also valuable for identifying causative pathogens in infective
keratitis, particularly fungal filaments and Acanthamoeba cysts [36,37], to guide therapeutic

management.

Laser-scanning IVCM (Heidelberg Engineering Retinal Tomograph with the Rostock Cornea
Module) is the most common clinical device [38,39]. The instrument has a maximum scan
depth of 1500 ym, and a standard image size of 400 x 400 ym. Accurate quantification of
corneal nerve parameters is dependent on multiple factors, including the IVCM device used,
quality of image acquisition, image selection and sampling, and measurement method [40]. In
view of these factors, normative quantitative criteria for corneal nerve parameters are not

clearly established.
2.3.1.5. Specular microscopy

Specular microscopy is an established technique for evaluating the corneal endothelium. The
specular microscope projects light onto the cornea and then captures the reflected image from
the optical interface between the corneal endothelium and aqueous humour. The technique
can also be used to identify changes in endothelial cell density (see Section 2.1.2.5 of the
main report), and variability in endothelial cell shape. Polymegathism, involving a variation in
cell size, represents a permanent change and has been suggested to indicate compromised
endothelial cell function due to chronic hypoxia [41] (see CLEAR Complications Report [18]
and CLEAR Scleral Lens Report [42]).



3.1.3. Clinical assessment of the conjunctiva
3.1.3.1. Slit lamp biomicroscopy

Similar to the cornea (see Section 2.3.1.1 of the main report), the conjunctiva is routinely
examined using slit lamp biomicroscopy. Pictorial grading scales, such as the Efron scale
[43,44], or photographic-scales, such as the CCLRU scale [11,45,46], can be used clinically
to grade the conjunctival appearance in terms of hyperaemia and/or irregularity (e.g.,
formation of papillae). Automated measures of conjunctival hyperaemia are also available
(e.g., JENVIS scale in the Oculus Keratograph 5M, OCULUS Optikgerate GmbH [47]). A
comprehensive examination is important for identifying abnormalities that may have
implications for contact lens wear (see CLEAR Evidence-based Practice Report [1]). Although
a complete discussion of such conditions is beyond the scope of this report, types of
conjunctival pathology relevant to contact lens wear include degenerative (e.g., pterygium,
pingueculum) and inflammatory conditions (e.g., conjunctivitis).

Another relevant conjunctival feature is lid-parallel conjunctival folds (LIPCOF), small folds in
the infero-temporal and infero-nasal quadrants of the bulbar conjunctiva, parallel to the lower
eyelid [48] (see CLEAR Complications Report [18]). It has been hypothesised that LIPCOF
are formed due to increased shear forces between the bulbar and palpebral conjunctiva during
blinking [49]. LIPCOF can be classified using a fold-height-based grading scale [48] or by
counting the number of folds [50,51]. An increased number of LIPCOF has been associated
with dry eye symptoms [4,48,52-55]. For LIPCOF sum (nasal + temporal LIPCOF) a cut-off
value of = 2 has been suggested to discriminate between normal and symptomatic dry eye
patients [52]. LIPCOF can also interfere with tear flow and influence tear meniscus parameters
[56,57].

3.1.3.2 Vital dyes and grading scales

While fluorescein is optimal for identifying corneal staining, lissamine green is more suited for
conjunctival staining [58] (see CLEAR Evidence-based practice Report [1]). Lissamine green,
which has similar surface staining properties to Rose bengal but with greater tolerability [59],
highlights dead or degenerate conjunctival cells and cells unprotected by mucin or glycocalyx
[60]; the dye penetrates cell membranes and stains cell nuclei [9]. A combination of fluorescein
and lissamine green usefully provides simultaneous information on corneal, conjunctival and

eyelid margin staining [58,61].



For lissamine green assessment, conjunctival evaluation should occur within one to four
minutes of dye instillation, typically at 1% concentration using a volume of at least 25 pl [9];
dye fading can occur after this time period [9,60,62]. Lissamine green staining is observable
as a green-blue punctate pattern on the conjunctival surface, with a diffuse white light.
Visualisation of the staining pattern can be enhanced using a red barrier filter (Hoya 25A or
Kodak Wratten Filter 92), which results in a black appearance to the staining pattern [6,60].

Several grading methods exist for quantifying conjunctival surface abnormalities; commonly
used scales are the Oxford [6] and NEI [63], although none are considered a gold standard
[3]. The Oxford scale [6] uses a logarithmic unit increase in the number of stained dots
between grades (ranging from 0 to 5 in severity). The NEI scale [5], originally developed to
quantify fluorescein staining, scores five zones of the cornea and six zones of the conjunctiva,
from 0 to 3. As such, this scale sub-divides the nasal and temporal conjunctiva into superior
paralimbal, inferior paralimbal and peripheral areas to enable the anatomical location of the
staining to be recorded. Staining in either eye comprising more than nine conjunctival spots
(lissamine green) or more than five corneal spots (fluorescein) is indicative of a positive result
and a sign of tear homeostatic imbalance [4,64].

4.3. Clinical assessment of the eyelid and eyelashes

4.3.1. Structure

4.3.1.1. Slit lamp biomicroscopy

Examination of the eyelid structures, including the margins, meibomian glands, eyelashes, lid
wiper region, and palpebral conjunctiva, is typically conducted using a slit lamp biomicroscope
in clinical settings (see CLEAR Evidence-based Practice Report [1]). General observation and
assessment of the eyelids and eyelashes is undertaken using low to medium magnification,
and medium to high diffuse illumination. Detailed assessments are performed using higher

magnification and illumination [2].

4.3.1.1.1. Eyelid appearance

The eyelids and their margins are one of the first structures to be examined in an anterior-to-
posterior examination approach. Physical changes in eyelid appearance may include
hyperaemia, telangiectasia (capillary dilation), hyperkeratinisation (often associated with
ageing), rounding of the margin (associated with oedema and thickening), concretions
(deposits of degenerated epithelial products) [65], and irregularity and notching (associated
with the absorption of tissues near the meibomian gland orifices, and often an indicator of



chronic eyelid margin disease) [66—69]. A comprehensive summary of grading scales that can
be used to classify these eyelid features is provided elsewhere [69].

4.3.1.1.2. Eyelashes

The eyelashes prevent the entry of debris into the eye and divert airflow away from the ocular
surface [70]. Eyelash anomalies that can be detected during a thorough slit lamp examination
include: (i) trichiasis: an abnormal misdirection of the eyelashes, such that they turn inward
and may come into contact with the conjunctiva or cornea [71]; (ii) poliosis: a loss of eyelash
pigmentation, such that they appear grey or white [71]; and (iii) madarosis: loss of eyelashes
that may be associated with several ocular conditions [72] or obsessive-compulsive [73]
disorders. Loss of eyelashes can also occur as a result of alopecia areata [74] and secondary
to chemotherapy [75].

The eyelashes may show an accumulation of debris or crusting that could be due to
Staphylococcal blepharitis (brittle scales/flakes) [76], seborrheic blepharitis (greasy
scales/flakes) [77], Demodex blepharitis (cylindrical cuffs at base of lashes) [78,79] or
pediculosis (louse, crabs, translucent oval nits) [80]. A comprehensive summary of eyelash
diseases is provided elsewhere [71].

4.3.1.1.38. Palpebral conjunctiva

The palpebral conjunctiva can be clinically inspected after everting the superior and inferior
eyelids. Roughness may be appreciated by observing the specular light reflection from the
surface of the palpebral conjunctiva using white light illumination [81], or by instilling
fluorescein and observing the features under blue illumination and a yellow barrier filter
[82,83]. The clinical severity of the papillary response may be evaluated using a number of
grading methods [12], however the Efron and CCLRU scales are reportedly the most
commonly used [84].

4.3.1.1.4. Eyelid margin and lid wiper

Clinical assessment of the eyelid margin and lid wiper are described below.

4.3.1.1.4.1.  Lid wiper epitheliopathy

Frictional interaction between the lid wiper and anterior surface of the eye (or contact lens) is
thought to give rise to a condition known as lid wiper epitheliopathy (LWE) [85] (see CLEAR
Material Impact Report [86]). To visualise LWE, vital dyes are instilled into the eye, typically
twice over a three to five minute period, and the eyelid is everted (with care to avoid contact
with the eyelid margin during eversion) and the extent of staining is evaluated and graded. As
previously summarised, a variety of staining protocols have been described [87], including a
combination of fluorescein and rose bengal [85,88], fluorescein and lissamine green [89],



fluorescein only [90] and lissamine green only [91]. An optimal protocol for LWE identification
has recently been described, involving instillation of two drops of lissamine green (one minute
apart), and observed one to five minutes later; or two drops of fluorescein (one minute apart),
and observed three to five minutes later [92]; further details are provided in the CLEAR
Evidence-based Practice Report [1]).

Several grading methods exist to evaluate the staining. It is typically recommended that both
the extent (length in mm) and width (percentage of lid wiper region) of staining be evaluated
along both the superior and inferior eyelids [88]. LWE is indicated by staining that is 2 mm or
more in length, and/or involves at least 25% of the sagittal width (excluding the line of Marx)
of the lid wiper [4]. With respect to contact lens wear, there remains some debate about the
clinical significance of LWE. Some studies have associated LWE with ocular symptoms in
contact lens wearers and non-contact lens wearers [91,93], whereas others have failed to
observe a similar relationship [94,95].

4.3.1.1.4.2.  Position of the mucocutaneous junction [Marx’s line]

The mucocutaneous junction can be readily visualised along the inferior eyelid margin by
instilling lissamine green [96—99], fluorescein [96,100], or rose bengal [96]. A change in the
regularity of the line and a gradual anterior shift has been described in older individuals [101],
meibomian gland dysfunction (MGD) [96], and blepharitis [101]. A grading scale can be used
to evaluate the anterior shift of the mucocutaneous junction relative to the meibomian gland
orifices [96].

4.3.1.2. Tarsal glands [meibomian glands]
Assessment of meibomian gland structure and function is an essential component of an eyelid
examination [69,102], and is summarised below.

4.3.1.2.1. Assessment of the gland orifices

Examination of the meibomian gland orifices has a primary focus on the identification of MGD.
In MGD, a range of morphological changes to the orifices occur [66,69]. Changes to gland
orifices that may be observed [66,69], include: (i) altered numbers: duplicated or reduced; (ii)
capping: a dome of oil solidified over the orifice; (i) pouting: orifices slightly elevated above
the eyelid margin, such that they are no longer flush with the margin due to obstruction and
extrusion of plugs, consisting of lipids and keratinised cell debris; (iv) retroplacement: orifices
dragged posteriorly due to cicatricial changes in the marginal mucosa, which may also expose
the ducts; and (v) obliteration: orifices narrowed completely and expression of meibum is no
longer visible; this may be accompanied by scarring, opaque orifices, loss of orifice definition
and/or vascular invasion [66,69].



4.3.1.2.2. Meiboscopy and meibography

Meiboscopy and meibography (Figure 14 of the main CLEAR Anatomy Report) refer to in vivo
visualisation and imaging, respectively, of the meibomian glands and allow the clinician to
observe the gland morphology. Atrophy of meibomian gland tissues is often termed
‘meibomian gland dropout’, and evaluation of these structures can inform the clinician of the
severity, prognosis, and potential treatment efficacy of MGD. Gland architecture can be
evaluated clinically using means that include eyelid transillumination [103], OCT [104—108],
infrared video or photography [109—-113], or a combination of both eyelid transillumination and
infrared imaging (i.e., dynamic meibomian imaging) [113,114]. Using eyelid transillumination,
meibomian gland acini appear as dark grape-like structures relative to the surrounding tissue;
whereas, under infrared illumination, the acinar structures appear hyperluminescent. There is
no single standard for grading loss of meibomian gland tissues, however a number of grading
scales are summarised elsewhere [69,115,116].

4.3.1.2.3. Gland expression

Expression of the meibomian glands allows for examining the meibum, as a diagnostic
procedure or as a therapeutic procedure for MGD. Digital expression involves using the edge
of a finger to apply pressure against the eyelids [117,118]. The Meibomian Gland Evaluator is
a tool that exerts a standardised pressure of 1.25 g/mm? over an area of 40 mm? distributed
across approximately eight glands [119-123]; this force intends to mimic a natural blink, and
is useful for diagnostic purposes. A clinician can also apply pressure to the eyelids, supported
by a spatula or Mastrota paddle [123]. Application of compressive forces to the eyelids has
also been described using forceps [118,122,124], cotton-tipped applicators and cotton buds
[122,125].

Assessing the number of glands yielding liquid secretions allows the clinician to evaluate how
many meibomian glands express meibum and the quality of the secretion. Lower counts are
associated with dry eye symptoms [119], but counts have been shown to increase after MGD
treatment [126—128]. To assess the number of glands yielding liquid secretions, the glands in
the inferior eyelids are expressed for 10 to 15 seconds, across three zones (temporal, central,
nasal). The number of glands that produce liquid secretions are counted, factoring in the
quality of the secretion [119,126—-128].

4.3.1.2.3.2. Meibum quality

The composition and physical properties of meibum are altered in MGD. Therefore, as part of
the evaluation of meibomian gland health, meibum quality is assessed. The glands may be
expressed using one of the methods described above, and the quality of the meibum (from
best to worst) can take the form of clear oil, clear oil with particulates, cloudy oil, yellow/white



opaque and semi-solid paste. There are several grading methods for evaluating meibum
quality, however not any single one is considered a standard [69].

4.3.1.2.3.3. Ease of expression

The ease of expressing meibum from the meibomian glands allows the clinician to subjectively
evaluate the extent of orifice obstruction. Ease of expressibility is inversely proportional to the
amount of pressure required to achieve meibum expression, and can be assessed using a

number of methods and grading scales [129,130]

4.3.2. Function

4.3.2.1. Blinking characteristics

Blinking characteristics can be analysed using video-based recordings [131-139] or with
electromyography [140,141]. Capturing blinking characteristics is typically conducted without
the knowledge of the patient, to avoid conscious influence on their blinking activity. Blinking
characteristics have been examined in a variety of contexts, including in different cognitive,
emotional and psychological states, as well as having been investigated as a measure of
fatigue or sleepiness [142]. Proper blink function is important for maintaining tear stability and
ocular surface integrity.

4.3.21.1. Blink rate

Blink rates have shown to be increased in individuals with dry eye disease and may have an
impact on visual function and quality of life [135]. After capturing video recordings, the blink
rate could be obtained by manually counting the number of blinks over a set period of time.
Software can be developed to automatically count blinks [143], which could be incorporated
into modern clinical instruments [136,144,145].

4.3.2.1.2. Blink completeness

Incomplete blinking has been reported to be associated with a number of conditions, including
exposure keratopathy, dry eye disease, increased contact lens deposition, and LWE
[146,147]; it has been implicated as a possible trigger in the natural history of dry eye disease
[148]. Assessing blink completeness provides information about the quality of a blink [149]. As
with blink rate, the measure of blink completeness can be facilitated using software algorithms
[136,137,144] and with grading scales [149].

4.3.2.1.3. Ocular Protection Index

The Ocular Protection Index (OPI) defines a ratio between the tear breakup time (TBUT) and
inter-blink interval, and is a measure of how well the ocular surface is protected by a
continuous tear film. In the case where TBUT is less than that of the interblink interval (OPI <



1), then the ocular surface is exposed. However, if the OPI 2 1, then the ocular surface is
considered sufficiently protected by tears between blinks [150,151].

4.3.2.2. Assessment for eyelid dysfunction

Eyelid dysfunction, such as lagophthalmos, can cause significant ocular discomfort [152].
Lagophthalmos can be detected by patient self-report, from video-recordings of blinking, or by
instilling fluorescein and examining for inferior corneal staining. The Korb-Blackie lid seal test
can also be used to evaluate the degree of eye closure; it is performed by placing a
transilluminator in direct contact with the closed eyelids [153]. Light emanating from between
the eyelid margins indicates areas where the eyelids do not form a complete seal, and thus
where the ocular surface is at risk of exposure [153].

5.3. Clinical assessment of the lacrimal system

Clinical assessment of the lacrimal system is essential to exclude ocular pathology. Clinical
testing typically begins with a visual inspection of the face and periorbital region, the position
and anatomy of the eyelids and punctum, and assessment for any facial asymmetry.

5.3.1. Slit lamp examination

Detailed inspection, using slit lamp biomicroscopy, can be used to detect a range of
abnormalities, including entropion, trichiasis, eyelid laxity, lagophthalmos, and caruncular
swelling. These, and other, conditions may interfere with the lacrimal pump mechanism and
result in eye watering and epiphora. This examination should also consider any potential
obstruction of the puncta, the presence of ocular surface foreign bodies, and swelling or
redness of the lacrimal sac that might indicate dacryocystitis.

5.3.2. ROPLAS test

Regurgitation on pressure over the lacrimal sac (ROPLAS) is a simple clinical test that is often
used as a first line test for nasolacrimal duct obstruction. It is performed by applying steady
pressure on the lacrimal sac area using an index finger. Regurgitation of mucopurulent or
watery discharge from the punctum indicates nasolacrimal duct obstruction or blockage, in the
lower end of the lacrimal sac. This test has very high specificity (99%) indicating a positive
ROPLAS test will almost always confirm a nasolacrimal duct obstruction [154].



5.3.3. Lacrimal irrigation

Lacrimal irrigation, also termed lacrimal lavage or syringing, is often considered a gold
standard test for assessing nasolacrimal duct obstruction [155,156]. It can be performed with,
or without, topical anaesthetic. The lacrimal puncta are gently widened using a dilating tool,
and saline is injected via a lacrimal cannula. Reflux of saline through the same punctum is
indicative of obstruction within the same canaliculus; reflux of saline from both puncta indicates
an obstruction at the common canaliculus. Smooth passage of saline through the nose and
throat indicates patency, whereas mixed results suggest partial obstruction [157].

5.3.4. Dye disappearance test

The dye disappearance test is also used for assessment of nasolacrimal duct obstruction.
Fluorescein is instilled into the inferior fornix of both eyes and after five minutes the tear film
and meniscus are observed under a cobalt blue light for signs of dye retention. In a healthy,
patent lacrimal drainage system, the fluorescein should completely disappear. Any amount of
dye remaining after five minutes suggests complete or partial duct obstruction. Any asymmetry
between the eyes should also be noted [158].

5.3.5. Jones | and Il test

The Jones | test examines the patency of the lacrimal drainage system by instilling fluorescein
in the conjunctival sac, followed by retrieving the drained fluorescein from under the inferior
turbinate (near the nasal cavity) after two to five minutes. Positive dye recovery indicates a
functionally patent drainage system, although false-negative results are not uncommon,
particularly in cases of partial obstruction. The Jones Il test is performed if the Jones | is
negative. For this test, the conjunctiva is cleared of any remaining fluorescein dye and the
lacrimal drainage system is irrigated with saline. Subsequent identification of fluorescein from
the nose, by placement of a cotton bud or equivalent, suggests a degree of patency, whereas
fluorescein reflux indicates obstruction. These tests are performed relatively infrequently, as
the procedure requires skill, and is associated with high false-positive and false-negative test
outcomes [157].

5.3.6. Surgical and other procedural assessments

Several surgical and procedural tests can be used to examine the integrity of the lacrimal
drainage system. Probing may be indicated if lacrimal irrigation (see Section 5.3.3 of the main
CLEAR Anatomy Report) reveals a drainage obstruction [159]. Probing is generally performed
by dilating the punctum after topical anaesthesia. Carefully respecting the lacrimal drainage
system anatomy, an appropriately sized lacrimal probe is then passed through the punctum,
and along the canaliculi, until it reaches a physical stop [160]. A ‘hard stop’ occurs when the
probe makes contact with bone, and indicates patency of the individual canaliculus, the



common canaliculus, and the opening to the lacrimal sac. A ‘soft stop’, where distension of
the drainage system membranes is accompanied by resistance, indicates a common

canalicular or individual canalicular blockage [160].

Examination of the nasal cavity using endoscopy is indicated for patients with suspected
nasolacrimal duct obstruction [161] and can identify conditions, such as a deviated nasal
septum, hypertrophied turbinate or other anatomical abnormality that may require surgical
intervention [162]. Similar to other endoscopies, the procedure involves using a thin, flexible
tube with a tiny camera and a light to inspect any abnormality in the nasal cavity. This test
provides a detailed assessment of the nasolacrimal drainage system and is often obligatory
for patients being considered for lacrimal surgery [163].

For further investigation of the anatomy of the lacrimal drainage system, nasal scintillography
or contrast dacryocystography can be performed [164]. This is a radiographic examination that
requires administration of a contrast medium into the ducts. The flow of contrast medium from
the puncta to the nasal cavity characterises the patency and anatomy of the system. A
dacryocystogram of a healthy drainage system should show sequential passage of dye
through the lacrimal drainage apparatus, and an absence of radiolabelled fluid would indicate
a complete or partial blockage in the respective area.

6.3. Clinical assessment of the tear film

6.3.1. Clinical history and symptom assessment

An important component of clinical history taking involves enquiring about dry eye risk factors,
such as medications, general health conditions, smoking and contact lens wear. Symptoms,
which include discomfort and visual disturbance, are an essential part of a dry eye diagnosis
[165]. For dry eye screening, the TFOS Dry Eye Workshop Il (DEWS Il) Diagnostic
Methodology report recommends the use of the Dry Eye Questionnaire - 5 item (DEQ-5) with
a cut-off value 26, or the Ocular Surface Disease Index (OSDI) questionnaire with a cut-off
value 213 [4] (Figure 19). More recently, a shortened and simplified version of the OSDI,
named the OSDI-6, was proposed as an alternative [166]. The Symptom Assessment in Dry
Eye (SANDE) questionnaire has been tested within a rapid non-invasive battery of tests
against the TFOS DEWS |l criteria and found to have a sensitivity of 83% and specificity of
82% for identifying dry eye symptoms, using a cut-off score of 230 [167]. Dry eye symptoms
are more frequent in contact lens wearers than in non-lens wearers [168,169]. To detect these
symptoms in contact lens wearers validated questionnaires such as the Standard Patient



Evaluation of Eye Dryness (SPEED), the Contact Lens Dry Eye Questionnaire (CLDEQ) or
the 8-ltem Contact Lens Dry Eye Questionnaire-8 (CLDEQ-8) are recommended [170-172].

 Ocular Surface Disease Index (OSDI)
* Dry Eye Questionnaire (DEQ 5)

* Tear breakup time
* Tear osmolarity
¢ Ocular surface staining

 Tear meniscus height « Tear lipid layer grade
* Meibomian gland function

Figure 19: Summary of the clinical process for dry eye disease diagnosis and subtyping evaluation,
adapted from [4].

6.3.2. Clinical assessments

6.3.2.1. Slit lamp biomicroscopy

Slit lamp examination is valuable for directly and indirectly assessing tear health. Relevant
signs associated with tear dysfunction, which are identifiable on slit lamp examination, include
ocular surface damage (see also Section 2.3.1.1 and Section 3.1.3.1), inadequate tear
volume, reduced TBUT, conjunctival hyperaemia, blinking irregularities, and MGD. When
assessing tear quality, frothing, foaming and/or debris may be indicative of blepharitis or MGD
[69]. Slit lamp examination can be used to quantify ocular surface damage, as an indirect
measure of tear quality, through quantifying signs such as corneal and conjunctival staining
patterns (see Section 2.3.1 and Section 3.1.3 of the main CLEAR Anatomy Report,
respectively) and LIPCOF (see Section 3.1.3.1 of the main CLEAR Anatomy Report).

6.3.2.2. Tear osmolarity

Tear osmolarity, as a marker of tear homeostasis, is an important factor in dry eye disease
[173]. Elevated tear osmolarity (tear hyperosmolarity) signifies tear imbalance. Clinical
assessment of tear osmolarity is a key component of the TFOS DEWS Il diagnostic
methodology report [4].

Traditional methods for measuring tear osmolarity include freezing point depression [174] and
vapour pressure osmometry [175]; both are laboratory-based techniques that are hampered



by the necessarily small volumes of tear samples. Point-of-care systems that use electrical
impedance to rapidly measure the osmolarity are now available [176]. One such system has
been validated against established techniques [177], although measurement reliability has
been debated [178,179].

While assessing variations in osmolarity across the tear film surface would be desirable [180—
182], practical and methodological constraints have generally limited the site of measurement
to the lower tear meniscus. Gad et al. described a protocol for measuring tear osmolarity at
the superior and inferior lateral menisci, a parameter defined as the Inferior-Superior Osmotic
Difference (I-SOD), and reported higher levels of asymmetry between these two measures in
individuals with contact lens discomfort [183]. For diagnosing dry eye disease, the TFOS
DEWS I protocol recommends a criterion, based on the TearLab™ system (TearLab
Corporation, US, being the one available at the time), of = 308 mOsm/L in either eye, or an
interocular difference of > 8 mOsm/L [4]. Individuals with more severe dry eye generally have
higher absolute levels of tear osmolarity and increased inter-eye variability over time [184—
186].

6.3.2.3. Tear stability

Maintaining tear film integrity is critical for ocular surface health, to avoid desiccation. The
length of time that the tears remain intact, as a film over the eye’s surface, after a blink is
described as the TBUT. Tear film instability is a key pathophysiological feature of dry eye
disease [173,187], and (in addition to tear osmolarity) a sign of homeostatic imbalance,
according to the TFOS DEWS | criteria [4].

6.3.2.3.1. Fluorescein tear breakup time

TBUT is commonly measured after instillation of fluorescein into the eye [188—190]; this
procedure enhances visibility of the tear film using slit lamp observation with a blue light, and
can be further optimised with use of a yellow barrier filter [13]. TBUT is recorded as the time
between a complete blink and the appearance of a dark streak, or patch, in the tear film layer;
a value of <10 seconds is generally regarded as abnormal [191]. Fluorescein TBUT has a
number of limitations; however, the most significant is disruption to the tear film [192], due to
the volume and pH of the instilled fluid, which fundamentally affects the parameter the test
intends to measure [193—195]. The accuracy of fluorescein TBUT measures can be improved
by minimising the volume of fluid instilled [192].

6.3.2.3.2. Non-invasive tear break-up time

Tear stability assessment methods that avoid tear film disruption are preferred over invasive
techniques; non-invasive tear breakup time (NIBUT) measurements are thus recommended,
wherever possible[4]. For NIBUT measurements, a patterned grid or videokeratoscope mires



are reflected from the tear film surface (Figure 20), and observed after a blink for the first sign
of distortion or disruption of the pattern [196,197]. NIBUT can be assessed subjectively, using
a stopwatch to record the time to tear breakup, or objectively with diagnostic instrumentation
that offers automated NIBUT detection [198]. With any tear film stability measurement
technique, an average of three values should be recorded. While some variation in optimal
technique and instrument-specific cut-offs has been reported and ethnic variations in tear film
stability are recognised [199]; currently, a NIBUT of <10 seconds is used to signify homeostatic
imbalance according to the TFOS DEWS Il diagnostic criteria [4]. Measures of fluorescein
TBUT and NIBUT are not interchangeable, and a consistent approach is preferable for the

longitudinal evaluation of patients [193—-195].

Figure 20: Placido disc mires reflected from the tear film surface. Distortions in the reflected mire pattern visible at
6 o'clock and 8 o’clock positions, signifying non-invasive tear film breakup.

6.3.24. Lipid layer evaluation

An intact tear lipid layer is critical to inhibit tear evaporation. Thinner tear lipid layers are
associated with poorer tear stability than thicker layers [200]. Given that meibum comprises a
major part of tear lipids, evaluation of the tear lipid layer can provide insight into meibomian
gland function. The higher refractive index of the thin tear lipid layer, relative to the underlying
muco-aqueous phase, lends itself to evaluation by thin film interferometry (Figure 21). Broad
spectrum, wide-field illumination of the lipid layer highlights interference fringe patterns that
can be graded to reflect the estimated lipid layer thickness and integrity [102,201,202]. In
increasing order of thickness, intact lipid layer patterns are described as open meshwork



(grade 1), closed meshwork (grade 2), wave (grade 3) (Figure 21), amorphous (grade 4) and
colour fringe (grade 5). Clinically non-visible lipid patterns, or abnormal colour fringe patterns
that signify clumps of lipid floating amidst areas of little or no lipid cover, do not inhibit tear
evaporation [200], and as such are considered non-functional (grade 0). Lipid layer grade has
been shown to be a discriminative marker for evaporative dry eye disease [203].

Figure 21: Wave lipid pattern (equating to grade 3 on the modified Guillon scale) [102,201,202] viewed
interferometrically using a wide-field, cold light source.

A slit lamp-mounted cold light tube was the earliest clinical approach for subjectively grading
tear lipid layer patterns [201]. Many other devices are now available, some of which offer
automated estimates of lipid layer grade [204,205]. Videokeratoscopic devices can also permit
subjective interferometric evaluation of the lipid layer [205].

6.3.2.5. Tear volume

On the eye, tear fluid resides in the exposed area between the inferior and superior eyelids,
conjunctival sacs and tear menisci along the eyelid margins. The total volume of tear fluid on
the normal eye is estimated to be about 7 to 9 pl, with an average turnover rate of 11 to 30%
per minute [206—209].

6.3.2.5.1. Schirmer test (I, 1) and Phenol red thread

The two traditional tests used to evaluate tear production are the Schirmer test and Phenol
red thread test [210,211]. While in the Schirmer test | the end of a 35 mm long and 5 mm wide
strip of filter paper is inserted for 5 minutes into the temporal part of the lower conjunctival sac,
the Phenol red thread test uses a fine cotton thread that is left in the same place for 15 seconds



[210,212]. If there is less than 10mm wetting an aqueous deficient dry eye is assumed
[213,214]. Both tests are relatively invasive and poorly repeatable, even with the application
of topical anaesthesia, and are influenced by reflex tear production induced by stimulation
during testing [4,210,215]. The Schirmer Il test describes the test conducted with intranasal
stimulation with a cotton tip applicator. For the Schirmer test, a cut off value of 5 mm is
generally considered indicative of a dry eye [216].

6.3.2.5.2. Tear meniscus evaluation

About 75% to 90% of the on-eye tear volume lies in the menisci [217-219]. Evaluation of the
tear meniscus at the midpoint of the eyelid is used as an indicator of tear volume [220,221].
Different parameters have been used to describe the tear meniscus, including features such
as tear meniscus height (TMH), radius, depth and cross-sectional area [56,222—224]. Various
quantification methods have been used (Figure 22A), including slit lamp evaluation (with or
without associated image capture), reflective meniscometry, interferometry and OCT (Figure
22B) [225—-228]. Recent advances allow automatic tear meniscus measurement and tear
volume analysis [228,229]. Depending on the technique used, TMH in healthy eyes varies
between 0.12 and 0.46 mm [223,230,231]. A TMH criterion of <0.2 mm has been suggested
to be diagnostic for aqueous deficiency [4]. Tear meniscus parameters can be influenced by
time after blink, diurnal variations, measurement location along the eyelids, presence of
LIPCOF (see Section 3.1.3.1), climate and illumination technique [4,232—235].




Figure 22. A: Tear meniscus height (TMH) measured with the image capture module of the Keratograph 5M. B.
TMH measured on an OCT image, with lid parallel conjunctival folds (LIPCOF grade 2) protruding into the meniscus
[56].

6.3.2.5.3. Tear clearance

Tear turnover rate, defined as the rate of change in tear volume over a set time period, can
be measured clinically by assessing the percentage decrease of fluorescein concentration in
the tears per minute [207]. In the fluorescein clearance test, a standardised amount and
concentration of fluorescein is instilled into the inferior conjunctival sac. The remaining
fluorescein concentration after a specific time can be measured with a fluorometer or a visual
grading scale [236—238]. More recently, OCT was used for evaluation of early-phase tear
clearance without fluorescein [239,240].

6.3.2.6. Other

A range of other methods (e.g. tear film ferning, visual disturbance tests, ocular surface
sensitivity, thermography) have been investigated for direct and indirect tear film assessment;
these methods have been summarised in detail elsewhere [4].
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