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Learning objec3ves

TFOS DEWS II: objec3ves

• To understand the contemporary deﬁni3on and classiﬁca3on of
dry eye disease

• Update the deﬁni3on, classiﬁca3on and diagnosis of dry eye disease
• Cri3cally assess the ae3ology, distribu3on and impact of the disorder
• Address its management and therapy

• To know the diagnos3c recommenda3ons from the TFOS Dry Eye
Workshop (DEWS) II report (2017)

• TFOS DEWS II membership: 153 members from 23 countries
• Two-year process
(2015-7)

• To be aware of prac3cal approaches to implement these
recommenda3ons in clinical prac3ce

Clinical scenario

Deﬁni3on of dry eye disease

42-year old, female administra3ve assistant
2017 TFOS DEWS II deﬁni3on
PC. Reports eyes feel gri]y and sore
• more pronounced end of day, especially a^er extended computer use
• pharmacist recommended an ocular lubricant product, which she has
been using regularly (4x/day)
• no apparent change to her level of symptoms

GH.

Occasional migraines with visual aura. No known allergies.

“Dry eye is a mul3factorial disease of the ocular surface
characterised by a loss of homeostasis of the tear ﬁlm, and
accompanied by ocular symptoms, in which tear ﬁlm instability and
hyperosmolarity, ocular surface inﬂamma3on and damage, and
neurosensory abnormali3es play ae3ological roles.”

POH. None.
FH.

None.

1. Deﬁni3on and Classiﬁca3on

Craig JP, et al. Ocul Surf. 2017;15(3):276-283.
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Classiﬁca3on of dry eye disease
• Main purpose was to improve pa3ent care
• Reﬁne previous classiﬁca3on system
• Include an op3on for a diagnosis of ‘normal’
• Address mispercep3on of mutual exclusivity of
dry eye subtypes
• Accommodate pa3ents with a conﬂict between
signs and symptoms

Ocular surface homeostasis

Sensory innerva3on to the cornea

• Lacrimal func3onal unit: lacrimal gland, ocular surface components, meibomian
glands, eyelids and associated sensory (CN V) and autonomic innerva3on (CN VII)

Corneal epithelium

• Regulates tear secre3on, distribu3on and clearance
• Disrup3on to one or more components promotes a loss of tear homeostasis

Corneal
epithelium

Sub-basal
nerve
plexus
h>p://openi.nlm.nih.gov/detailedresult.php?img=3587314_IRI-32-19-g001&req=4

Corneal sensa3on

When to suspect corneal neuropathy
“Pain without stain”

Both types can result in sensa3ons of ocular discomfort
(e.g., burning, grigness, aching) and can co-exist.

Nocicep3ve Pain

• Occurs in response to actual or
threatened 3ssue damage
• Corneal nerves ac3vated
• Typically transient

Neuropathic Pain

• Occurs as a result of a damage to
the somatosensory pathway
• Peripheral or central
• Chronicity more likely

• Clinical history
•

Sensa3ons of ‘heat’ or ‘prickling’

•

Associa3on with other neuropathic disorders (e.g., migraine)

• Anatomical evalua3on
•

Normal

Neuropathy

Corneal confocal microscopy

• Func3onal tes3ng
•

Topical anaesthe3c / scleral lenses
(for central sensi3sa3on)

X
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Treatment of corneal neuropathy
• Mul3modal approach
• Treat any ocular surface damage: protec3on + an3-inﬂammatories
• An3-neuropathic pain treatment?

Corneal nerve regenera3on with omega-3s
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Corneal nerve regenera3on with omega-3s
Central corneal sub-basal nerve plexus

Clinical scenario

Abstract
Purpose: To investigate whether oral, long-chain omega-3 (x-3) essential fatty
acid (EFA) supplementation, for 3 months, induces changes to the central corneal
sub-basal nerve plexus in dry eye disease and whether nerve alterations correlate
with clinical findings.
Methods: This prospective, comparative study involved the final 12 participants
enrolled in a randomised, double-masked, placebo-controlled clinical trial of 60
participants with moderate dry eye disease. Participants received either placebo
(olive oil 1500 mg/day; n = 4) or x-3 EFA supplements (~1000 mg/day eicosapentaenoic acid + ~500 mg/day docosahexaenoic acid; n = 8) for 90 days. The
main outcome measure was the mean change in central corneal sub-basal plexus
nerve parameters between days one and 90, quantified using in vivo confocal
microscopy. Secondary outcomes included mean change in tear osmolarity, corneal dendritic cell density and basal epithelial cell density.
Results: Compared with baseline, the reduction in OSDI score and tear osmolarity at day 90 were greater in the x-3 EFA group than the placebo group
(OSDI: x-3 EFA, mean ! SEM: "15.6 ! 2.8 vs placebo: "2.8 ! 4.1 units,
t5 = 2.6, p = 0.04; tearosmolarity: x-3 EFA: "22.63 ! 5.7 vs placebo:
"8 ! 2.7 mOsmol/L, t9 = 2.3, p = 0.04). At day 90, corneal total nerve branch
density (CTBD: 91.1 ! 8.6 vs 45.1 ! 13.4 branches/mm2, F1,10 = 14, p = 0.004)
and corneal nerve branch density on the main fibre (CNBD: 63.4 ! 6.5 vs
27.9 ! 11.5 branches/mm2, F1,10 = 6, p = 0.03) were higher in the x-3 EFA
group compared with placebo. Relative to day 1, CNBD (branches/mm2)
increased at day 90 in the x-3 EFA group (+20.0 ! 9.2, t8 = 3.2 p = 0.01) compared with placebo ("10.8 ! 3.2). Similar changes were evident for corneal nerve
fibre length (CNFL, mm/mm2), which increased from baseline at day 90 in the
omega-3 EFA group (+2.9 ! 1.6, t8 = 3.4 p = 0.01) compared with placebo
("2.7 ! 0.5). There was a negative correlation between CTBD and tear osmolarity (r10 = "0.70, p = 0.01). No significant changes were observed for basal epithelial cell or corneal dendritic cell density.
Conclusion: These pilot study findings suggest that x-3 EFA supplementation
imparts neuroprotective effects in the corneal sub-basal plexus that correlate with
the extent of tear osmolarity normalisation.

42-year old, female administra3ve assistant
Introduction

SYMPTOMATIC

Dry eye
disease (DED)
is a feel
major public
owing
PC.
Reports
eyes
gri]yhealth
andissue,
sore

to its high prevalence, negative impact upon quality of life

•

and financial burden on healthcare systems.1 Although the
pathogenesis of DED is not fully understood, the condition
is recognised to involve an immune-based inflammation
of the anterior eye.2 DED is characterised by tear

more pronounced end of day, especially
a^er extended computer use
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•

pharmacist recommended an ocular
lubricant product, which she has been using
regularly (4x/day)

•

no apparent change to symptoms

1

GH. Occasional migraines with visual aura. No
known allergies.
POH. None. FH. None.

2. Pathophysiology and Diagnosis

* indicates staUsUcally signiﬁcant inter-group diﬀerence (*p < 0.05; ** p < 0.01).
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Table 5 (continued )
Parkinson's Disease
Ocular Surface-Related Evaporative Dry Eye
Allergic Eye Disease
Vitamin A Deﬁciency
Short Breakup Time Dry Eye
Iatrogenic Disease

mediators, acting with tear hyperosmolarity itself, lead to a reduced
expression of glycocalyx mucins, to apoptotic death of surface
epithelial cells [380] and to a loss of goblet cells. Hyperosmolarity
also induces corneal epithelial cell death through non-apoptotic
processes [62]. Goblet cell loss is a feature of every form of DED
[381,382], reﬂected by reduced tear levels of MUC5AC [383,384].
Altered expression of glycocalyx mucins is a likely basis for ocular
surface staining in DED and by compromising ocular surface wetting, leads to early tear ﬁlm breakup. This ampliﬁes or initiates
ocular surface hyperosmolarity, which completes the Vicious Circle

Pathophysiology of dry eye disease
recruit inﬂammatory cells to the ocular surface, which become an
additional source of inﬂammatory mediators [379]. Such

TFOS DEWS II diagnos3c algorithm

VICIOUS
CIRCLE

Interna3onal
Workshop
II (DEWS
II) Report
2017surface both directly
Fig. 5. The Vicious Circle of Dry Eye Disease. The core mechanism of DED is tear hyperosmolarity,
which Dry
is theEye
hallmark
of the disease.
It damages
the ocular
and by initiating inﬂammation. The cycle of events is shown at the centre of the ﬁgure. Two forms of DED are recognised, ADDE and EDE. In ADDE, tear hyperosmolarity results
when lacrimal secretion is reduced, in conditions of normal evaporation from the eye. In EDE, tear hyperosmolarity osmolarity is caused by excessive evaporation from the exposed
tear ﬁlm in the presence of a normally functioning lacrimal gland. Since tear osmolarity can only rise as a result of tear evaporation in both ADDE and EDE, tear hyperosmolarity is
due to evaporation from the ocular surface and in that sense, all forms of DED are evaporative. EDE is a hyper-evaporative state. In DED, tear hyperosmolarity is considered to set up
a cascade of signaling events within surface epithelial cells, that leads to the release of inﬂammatory mediators and proteases. Such mediators, together with the tear hyperosmolarity itself, are conceived to cause goblet cell and epithelial cell loss and damage to the epithelial glycocalyx. Damage is reinforced by inﬂammatory mediators from activated
T-cells, recruited to the ocular surface. The net result is the characteristic punctate epitheliopathy of DED and a tear ﬁlm instability which leads at some point to early tear ﬁlm
break-up. This break-up exacerbates and ampliﬁes tear hyperosmolarity and completes the Vicious Circle of events that lead to ocular surface damage. Ultimately this is thought to
lead to self-perpetuation of the disease. Tear ﬁlm instability can be initiated without the prior occurrence of tear hyperosmolarity, by conditions that affect the ocular surface,
including xerophthalmia, ocular allergy, topical preservative use and contact lens wear. In this case, early tear ﬁlm breakup (an Ocular Protection Index <1) is the primary basis for
tear ﬁlm hyperosmolarity at ﬁrst experienced locally at the site of breakup and increasing in severity, at some point being detectable in tear meniscus samples. This represents an
ocular surfaceerelated form of EDE. In MGD-related EDE tear hyperosmolarity results from a tear ﬁlm lipid layer deﬁciency. In ADDE the onset of early break-up during the evolution
of the disease, may add an evaporative element to the dry eye. There are various causes of ADDE. It may result from blocking the sensory drive to the lacrimal gland that is essential
to maintain osmolar homeostasis. Bilateral topical anesthesia can cause both a reduction in tear secretion and blink rate. Dry eye due to such a reﬂex block can be caused by chronic
abuse of topical anesthetics, trigeminal nerve damage and refractive surgery including LASIK surgery. The delivery of aqueous tears to the tear sac can also be reduced by obstruction
of the lacrimal ducts, which can occur in any form of cicatricial conjunctival disease, such as trachoma, erythema multiforme, graft-versus-host-disease and chemical burns. A
number of drugs in systemic use, such as antihistamines, beta-blockers, antispasmodics, diuretics and some psychotropic drugs, cause a reduction in lacrimal secretion and are risk
factors for DED. Tear secretion rate falls in later life. The anti-glaucoma drugs pilocarpine and timolol also have direct effects on human meibomian gland epithelial cells that may
inﬂuence their morphology, survival and/or proliferative capacity, and possibly promote MGD [61,1103]. In the western world the most common cause of ADDE is inﬂammatory
inﬁltration of the lacrimal gland, encountered most severely in autoimmune disorders such as Sj€
ogren syndrome dry eye (SSDE) and, with lesser severity, in non-Sjogren dry eye
(NSDE). Inﬂammation causes both acinar and ductal epithelial cell dysfunction and/or destruction and a potentially reversible neurosecretory block. A receptor block may also be
caused by circulating antibodies to the muscarinic, M3 receptor. Inﬂammation is favoured by low tissue androgen levels. Epithelial injury and a defective glycocalyx, loss of tear
volume and of goblet cell mucin, lead to increased frictional damage and friction-related symptoms. The tear hyperosmolarity and epithelial injury caused by DED, stimulates
corneal nerve endings, leading to symptoms of discomfort, increased blink rate and, potentially, a compensatory reﬂex increase in lacrimal tear secretion. This compensatory
secretion is more likely in EDE, since lacrimal function is potentially normal. Adapted from Bron, Deﬁnition of dry eye disease’ in Chan 2015 - Springer [79].

Wolﬀsohn JS, et al. Ocul Surf. 2017;15(3):519-574.
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TFOS DEWS II diagnos3c algorithm

1. Triaging Ques3ons: taking a thorough history
• How severe is the eye discomfort?

Triaging
Ques3ons
1. Triage

Risk Factor
Analysis

Diagnos3c
Tests

2. Risk assess

3. Test with diagnos3cs

• Do you have any mouth dryness or swollen
glands?
• How long have your symptoms lasted and was
there any triggering event?
• Is your vision aﬀected and does it clear on
blinking?

“TRT before you Treat”

• Are the symptoms or any redness much worse in
one eye than the other?
• Do the eyes itch, are they swollen, crusty, or have
they given oﬀ any discharge?
• Do you wear contact lenses?
• Have you been diagnosed with any general
health condi3ons?
• Are you taking any medica3ons?

2. Risk factor analysis

3. Diagnos3c Tests

Non-modiﬁable
•

Age (>40 yrs)

•

Medica3ons

•

Female sex

•

Cigare]e smoking

•

Asian ethnicity

•

Computer use

•

Contact lens wear

•

Environmental factors

•

Systemic condi3ons
•
•
•
•
•

Diabetes mellitus
Rosacea
Rheumatoid arthri3s
Sjögren’s syndrome
Thyroid disorders

•

Symptomatology
(DEQ-5 ≥ 6 or

OSDI ≥ 13)

Tear osmolarity
+ 1 of

Humidity, air currents/dra^s, air
condi3oning

≥ 308 m0sm/L in
either eye or
interocular diﬀerence
> 8 m0sm/L

Ocular surface
staining

Ocular Surface Disease Index

12-item survey

•

Captures informa3on over the past week
rela3ng to:

length & ≥ 25% width]

•

12-item survey

•

Captures informa3on over the past week
rela3ng to:

•

Vision-related func3onal impact

•

Vision-related func3onal impact

•

Symptom frequency

•

Symptom frequency

•

Ocular response to environmental
risk factors

•

Ocular response to environmental
risk factors

•

Score stra3ﬁes symptom severity

10

13-22 23-32
20

30

Normal

Score stra3ﬁes symptom severity
0 -12 13-22 23-32

33-100
40

Low Volume

OSDI survey

•

00-12

Aqueous
Deﬁciency
•

> 5 corneal spots
> 9 conjunc3val spots,
or lid margin [≥ 2 mm

* Fluorescein is only to be
used if NIBUT is not
available and if so, aKer
tear osmolarity.

OSDI survey

•

Subtype Classiﬁca3on Tests

Non-invasive
tear breakup 3me
(NIBUT)*
< 10s

DEWS Report. Ocul Surf. 2007;5(2):93-107.
Stapleton F, et al. Ocul Surf. 2017;15(3):334-365.
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Homeosta3c Markers

Screening

Modiﬁable

50
60
70
Score
Moderate
Mild

80

90

100

Severe

Ocular Surface Disease Index (OSDI) Ques3onnaire. Allergan Pty Ltd
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10

20
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Normal

33-100
40

50
60
70
Score
Mild Moderate

80

90

100

Severe

24

Ocular Surface Disease Index (OSDI) Ques3onnaire. Available at: h]p://www.dryeyezone.com/documents/osdi.pdf. Accessed September 28, 2016.
Image adapted from Prokopich CL, et al. Can J Optom. 2014;76(Suppl 1):1-31.
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NIBUT

DEQ-5 survey

1. Tear ﬁlm stability

Tear instability is a major feature of all forms of dry eye disease

• 5-item survey

•
• Captures informa3on over the past
month rela3ng to:
• Frequency of watery eyes
• Eye discomfort
• Intensity of dryness during the day

• Scoring
• Score ≥6: suspicion of dry eye
• Score ≥12: may indicate Sjögren’s
syndrome

NIBUT
•

Observe reﬂected grid from precorneal ﬁlm

•

Time (in seconds) for visible
distor3on of the reﬂected target

•

Norma3ve values vary slightly
with instrumenta3on

•

Avg of 3 measures

•

Poor correla3on with NaFl TBUT

Non-invasive
tear breakup 3me
(NIBUT)*
< 10s

26

DEQ-5, 5-item Dry Eye QuesUonnaire
Chalmers RL, et al. Cont Lens Anterior Eye. 2010;33(2):55-60.

Tear osmolarity

Ocular surface staining

1. Tear composi?on

•

•

Objec3ve index

•

Can be used to monitor treatment

Tear osmolarity
Sodium
ﬂuorescein (NaFl)

Fluorescein >5 spots

Ocular surface
staining

m0sm/L in
• ≥ 308
compromised
corneal (and conjunc3val)
either eye or
epithelial
cell-to-cell junc3ons
interocular
diﬀerence

•

• Reduc3ons in osmolarity precede
symptoma3c improvement

> 5 corneal spots
> 9 conjunc3val spots,
or lid margin [≥ 2 mm

>more
8 m0sm/L
extensive staining in aqueous

deﬁciency
•

length & ≥ 25% width]

limited applica3on for diagnosing early
dry eye

• Lissamine green (LG)
•

iden3ﬁes epithelial cells lacking a mucin
coa3ng and/or degenerated cells and
mucus

•

10-20μL, wait 1-2 minutes, performed
a^er NaFl

•

enhanced visualisa3on of conjunc3val
anomalies

•

LG staining evident in early stages of dry
eye when NaFl staining may not yet be
apparent

Case scenario – clinical ﬁndings

Lid margin
≥2 mm length & ≥25% width

Lissamine green >9 spots

Subtyping classiﬁca3on tests

Findings from ‘Standard’ diagnos?c tests
1. Triaging ques3ons

Classic DED symptoms: chronic, worse end of day,
no classic GH risk factors

2. Risk assessment
3. Diagnos3c Tests

Age, gender, computer use
Screening symptomology:
1. NIBUT (seconds)
2. Tear osmolarity (mOsmol/L )
3. Ocular surface staining

Right eye

OSDI score: 29 (Moderate)
R9
L8
R 309 L 305

LeK eye

Aqueous
Deﬁciency

•

Low Volume
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3Es of meibomian gland evalua3on

MGS score

Key parameters to document
Normal
Abnormal

1. Evaluate

2. Express

1. Evaluate lid
margin

Clear, smooth

Scalloped and
thickened

2. Express
glands

Easy

Diﬃcult

3. Examine
secre3on
colour and
consistency

Liquid

Thick and
pasty

Clear

Yellow/white

Meibomian Glands Yielding Liquid Secre3on (MGS) score

MGS score of 12 or less: clinically-signiﬁcant MGD

3. Examine

Meibography

Tear volume and ﬂow measurement
• Tear meniscus height

Parameters
•

• Subjec3ve at the slit lamp (< 0.2 mm)

Extent of drop-out (% area of eyelid)
•

Loss of secretory acinar 3ssue

•

Correlates with lipid layer thickness,
NIBUT and OSDI (Pult et al., 2012)

• Computer calipre measurements

• Phenol red thread test
• 25% sensi3vity, 93% speciﬁcity
• Suspect: < 10 mm/15 sec

•

Thresholds for symptoms (OSDI)
•

Superior lid drop-out: 17%

•

Inferior lid drop-out: 29%

• Schirmer I test
• 85% sensi3vity, 83% speciﬁcity
for values < 5 mm/5 min

(Inferior > superior loss typical in dry eye)

h>p://www.heiko-pult.de/meibography.html

Wolﬀsohn JS, et al. Ocul Surf. 2017;15(3):519-574.
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Summary
•

Characteris3cs of DED
• Complex; role of neurosensory abnormali3es should be carefully considered
• Highly prevalent and increases with age

•

TFOS DEWS II diagnos3c approach: streamlined examina3on

•

Conduct a comprehensive work-up in a separate, dedicated appointment
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