Diagnosis and Management
of Ocular Surface Disease
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1.1 Introduction
Dry eye syndrome is a prevalent disease.
Population-based studies in various US cities
have utilized questionnaires to evaluate the prev-
alence of DES and found a prevalence estimate of
approximately 15 % (Begley et al. 2001; Schein
et al. 1997; Moss et al. 2000; Bandeen-Roche
et al. 1997; Munoz et al. 2000). Similar studies
conducted in several countries around the world
have resulted in similar estimates (Brewitt and
Sistani 2001; McCarty et al. 1998; Chia et al.
2003; Hikichi et al. 1995; Uchino et al. 2008a, b;
Shimmura et al. 1999; Lekhanont et al. 2006;
Sahai and Malik 2005; Lee et al. 2002). Once
thought to be a disease predominantly of women,
recent studies out of the Veterans Affairs Medical
Center have found that approximately 1 in 5 male
veterans carry a diagnosis of DES (Galor et al.
2011, 2012). Taken together, these studies sug-
gest that DES is more prevalent than diabetes
(~8 % of US population) (NDIC 2011) and heart
disease (~7 % of US population) (CDC 2007).
DES is also a disease associated with signifi-
cant morbidity. The Impact of Dry Eye on
Everyday Life (IDEEL) questionnaire was devel-
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oped to assess DES-specific morbidity. Two stud-
ies utilizing this questionnaire found that dry eye
symptoms were correlated with difficulties in per-
forming activities of daily living and working and
had negative effects on mental functioning
(Rajagopalan et al. 2005; Pouyeh et al. 2012).
A case-control study assessing the impact of
symptoms on everyday activities found that
patients with DES had difficulties with reading,
carrying out professional work, television watch-
ing, and driving (Miljanovic et al. 2007). Utility
assessment has demonstrated that patients with
severe dry eye symptoms have utility scores in the
range of conditions like class III/IV angina
(Schiffman et al. 2003). Given its prevalence and
morbidity, it is not surprising that DES is a lead-
ing cause of visits to eye care clinics and has sig-
nificant cost implications. The estimated
economic burden of DES approaches $3.8 billion
annually in the United States, with estimated indi-
rect costs exceeding $55 billion (Yu et al. 2011).

1.2  Diagnosing Dry Eye

Syndrome

Despite its prevalence and morbidity, DES is a
difficult entity to diagnose, primarily due to a
lack of a gold standard definition for disease.
Some clinicians and researchers use symptoms to
diagnose disease, while others use signs or com-
bination of symptoms and signs. Furthermore,
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few clinicians systematically screen for DES in
the same manner as they do for other ophthalmic
diseases such as glaucoma and age-related macu-
lar degeneration. As symptoms are the main
source of DES morbidity, one suggestion is to
have patients fill out one of several validated
symptom questionnaires at the time of their visit
to assess for the presence of significant symp-
toms. Two validated DES questionnaires which
can be easily administered are the Ocular Surface
Disease Index (OSDI, 12 questions, score of
0-100)  (http://dryeyezone.com/encyclopedia/
documents/OSDI.pdf) and the dry eye question-
naire 5 (DEQS5, 5 questions, score of 0-22)
(http://www.dryeyesmedical.com/diagnosis/
diagnostic-questionnaires/deq-5.html).

Unfortunately, not all patients with
severe symptoms on the questionnaire have
DES. Therefore, patients with severe symp-
toms (generally >20 on the OSDI or >12 on
the DEQ5) need to have further evaluation to
determine the source of their symptoms. It is
important to first assess a patient’s environmental
exposures. Certain environmental exposures have
been associated with DES symptoms includ-
ing work exposures (toxins, chemicals) (Zuskin
et al. 1998; Bulbulia et al. 1995), video display
terminal use (Uchino et al. 2008b), and the use
of a continuous positive airway pressure (C-PAP)
machine (Hayirci et al. 2012). If found, certain
exposures may be addressed, such as refitting a
C-PAP machine, with subsequent elimination of
symptoms. It is also important to elicit a patient’s
medication history, paying special attention to
local and/or systemic therapies that can affect the
ocular surface. Locally, glaucoma medication is
well known to cause ocular surface disease and
thereby dry eye symptoms (Anwar et al. 2013).
In a similar manner, many systemic medications
including antihistamines, antidepressants, and
anxiolytics have been found to associate with
DES (Galor et al. 2011).

The examination of a patient with significant
DES symptoms starts with an external exam,
evaluating for the presence of skin abnormalities
such as rosacea or seborrheic dermatitis. If pres-
ent, treating the skin abnormalities is a vital step
in relieving symptoms, and coordination with a

dermatologist is often helpful. Second, it is
important to carefully examine the ocular anat-
omy as anatomical abnormalities can lead to
DES symptoms. There are a number of condi-
tions that can masquerade as DES and these need
to be examined for including malpositioned eye-
lids (ectropion, entropion), conjunctival abnor-
malities  (pterygium,  conjunctivochalasis),
superior limbic keratoconjunctivitis, and corneal
pathology (anterior basement membrane disease)
(Table 1.1). Very frequently, patients with the
above conditions present to the eye care profes-
sional with a diagnosis of DES which has been
unresponsive to therapy. Identifying and address-
ing these anatomical abnormalities can often
times lead to resolution of symptoms.

After external and anatomical considerations,
the next step in diagnosing DES is evaluating
which part of the tear film is dysfunctional. The
tear film is a complex fluid made up of lipids, an
aqueous layer, and mucins (Fig. 1.1). Most patients
with DES have dysfunction in more than one layer
although there is typically one that is most affected.
For examples, patients with Sjogren’s syndrome or
graft-versus-host disease (GVHD) typically have
primarily aqueous tear deficiency (ATD), while
patients with rosacea typically have mostly evapo-
rative dry eye (LTD). Several tests are used to eval-
uate tear function as this information has
implications for treatment (Table 1.2). Schirmer’s

Table 1.1 Conditions
syndrome

that may mimic dry eye
Eyelid abnormalities

Ectropion

Entropion

Lagophthalmos

Floppy eyelid syndrome
Conjunctival abnormalities
Pinguecula

Pterygium

Trabeculectomy

Superior limbic keratoconjunctivitis
Conjunctivochalasis

Corneal disorders

Anterior basement membrane disease
Recurrent erosion syndrome
Salzmann nodular degeneration
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test with or without anesthesia can be used to assess
aqueous production (Fig. 1.2), while tear break-up
time and evaluation of meibomian gland parame-
ters can evaluate the composition and function of
the lipid layer (Fig. 1.3). Other tests, such as mea-
surement of tear osmolarity, can give a global
assessment of tear health as hyperosmolarity is
believed to be a key player in the pathophysiology
of disease (Fig. 1.4) (DEWS 2007b). It is impor-
tant, however, to understand that none of the tests
are a perfect mirror of tear function and that the
results can vary substantially both due to testing
methodology and to the dynamic biology of the
tear film. With regard to the former, tear break-up
times vary substantially by the amount of fluores-
cein placed in the eye. With regard to the latter, tear

Lipid layer

Water layer

Mucin layer

Epithelial
cells

Microvillus
Fig. 1.1 An illustration of the tear film demonstrating its

complexity, with a mucin, aqueous, and lipid layer (Used
with kind permission from Allergan)

Schimer’s test

osmolarity values can vary substantially when
measured in the same individual 3 times in a row, a
finding that suggests the presence of ocular surface
instability. Despite these limitations, a general
“gestalt” of tear function can be obtained by mea-
suring some or all of these parameters. Newer tests
are currently being evaluated that may better assess
the dynamic state of the tear film including func-

Table 1.2 Common tests used to evaluate tear and ocular
surface health

Global assessment of health

Tear osmolarity (TearLab, San Diego, CA)

Corneal staining

Conjunctival staining

Tear film debris

Presence of filaments

Presence of irregular astigmatism by corneal imaging
(topography, tomography)

Elevated level of MMP-9 (InflammaDry, Rapid
Pathogen Screening, Sarasota, FL)

Aqueous tear function

Schirmer’s test

Inferior meniscus volume (inspection at slit lamp or
with ocular coherence tomography)

Lipid tear function

Tear break-up time

Meibum quality

Meibomian gland inspissation
Eyelid vascularity

Eyelid “foaminess”

Interferometer (LipiView, Tear Science, Morrisville,
NC)

Anterior segment ocular coherence tomography

Fig. 1.2 Commonly used tests in dry eye syndrome (DES) to assess the aqueous component of tears
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Meibomian gland plugging

= 0

Eyelid vascularity

Meibum quality

Tear break up time

Fig. 1.3 Commonly used tests in dry eye syndrome
(DES) to assess the lipid component of tears. For exam-
ple, morphologic evaluation can include degree of inferior
eyelid meibomian orifice plugging (0 none; 1 less than 1/3
lid involvement; 2 between 1/3 and 2/3 involvement; 3
greater than 2/3 lid involvement), degree of eyelid vascu-
larity (0 none; 1 mild engorgement; 2 moderate engorge-

Conjunctival staining

Fig. 1.4 Commonly used tests in dry eye syndrome
(DES) to assess global ocular surface health. For example,
a score for corneal staining can be generated by assessing
staining in different sections of the cornea (superior, infe-

tional visual acuity (FVA) testing (Goto et al. 2006;
Ishida et al. 2005) and evaluating tear film stability
with consecutive topographic images (Tear film

Corneal staining

ment; 3 severe engorgement) (Foulks and Bron 2003), and
meibum quality (O=clear; 1=cloudy; 2=granular;
3 =toothpaste; 4=no meibum extracted) (Tomlinson et al.
2011). Expression of meibum can be done with a cotton-
tipped applicator or with the Meibomian Gland Evaluator,
a device that applies a uniform pressure to the outer skin
of the lower eyelid

Tear osmolarity

rior, nasal, temporal, center) or by assigning an overall
score for severity (DEWS 2007a). A similar can be used
for conjunctival staining

Stability Analysis System) (Gumus et al. 2011).
However, these newer tests are not in widespread
use in the clinical arena.
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Interferometry is another test that can be per-
formed to evaluate the health of the lipid layer
(Tomlinson and Khanal 2005). In this technique,
interference fringes are produced by light
reflected at the air-lipid and lipid-aqueous inter-
faces of the tear film. This specular reflection
from the tear surface is imaged and recorded
digitally. Several researchers have developed
grading patterns to interpret the recorded images,
most focusing on the uniformity of the fringe pat-
tern. Overall, research has demonstrated that a
thicker lipid layer is associated with greater tear
film stability and that loss of uniformity indicates
tear film instability (Tomlinson and Khanal
2005). LipiView® (Tear Science, Morrisville,
NC) is a commercially available interferometer
that comes as part of the Tear Science diagnosis
and treatment system (described below).

Another adjuvant study that can be used to
evaluate for the presence of ocular surface inflam-
mation is the InflammaDry™ assay (Rapid
Pathogen Screening, Sarasota, FL). This test
detects elevated levels of matrix metalloprotein-
ase-9 (MMP-9) in the tear film. MMP-9 is a non-
specific marker of inflammation and has been
found to be elevated in various ocular surface
disorders and corneal ulceration (Kaufman
2013). An advantage of the test is its ease and
rapidity; the applicator is placed in the lower con-
junctivae to sample tears, and the results are
available within 10 min. A limitation, however, is
that the test result is reported in binary fashion:
two lines indicate an elevated MMP-9 level; one
line indicates a normal level.

Newer data suggest that DES may be a mani-
festation of a corneal neuropathy (Rosenthal et al.
2009; Rosenthal and Borsook 2012) and evalua-
tion of corneal sensation should be considered,
especially in patients with extensive corneal stain-
ing and minimal disease symptoms. Available
technologies include the more qualitative cotton-
tip swab which can compare sensation between
the eyes and the more quantitative Cochet-Bonnet
esthesiometer (Luneau Ophthalmologie, Chartres,
France). Belmonte et al. (1999) developed a non-
contact gas esthesiometer that can measure cor-
neal threshold to mechanical, thermal, and
chemical stimulation. Unfortunately, this esthesi-
ometer is not commercially available and only

four modified versions of the instrument are avail-
able worldwide.

Another commercially available tool that can be
used to study corneal nerves is the confocal micro-
scope (Confoscan 4, Nidek, Fremont, California).
In vivo confocal microscopy can be used to image
corneal nerves in the sub-basal plexis. Several stud-
ies have found abnormal corneal nerve morphol-
ogy in patients with DES including increased nerve
tortuosity, fewer fibers, and higher bead density
(Zhang et al. 2011; Villani et al. 2013). This testing,
however, is in its infancy, and at this point it is not
clear what role nerve imaging will have in the diag-
nosis and treatment of DES.

1.3  Treating Dry Eye Syndrome

1.3.1 Ocular Surface Protection

The treatment of DES involves a stepladder
approach based on the location of the abnormality
(Fig. 1.5). The first step in treating ATD is protec-
tion of the ocular surface with artificial tears.
There are several available products that vary in
viscosity, polymer material (methylcellulose, pro-
pylene glycol, glycerin, polyvinyl alcohol), and
preservative. In addition, some products include
additional agents such as lipid replacement (e.g.,
Soothe (Bausch & Lomb, Rochester NY), Systane
balance (Alcon, Fort Worth TX)), while others
have properties such as hyposmolarity. A com-
plete list of artificial tear properties and preserva-
tives can be found on the website http:/www.
dryeyezone.com/encyclopedia/lubricants.html. In
general, patients should consider preservative-
free options if they require dosing of more than 4
times daily. Patients with more severe symptoms
should consider higher-viscosity agents although
these tend to cause more visual blurring.
Furthermore, gels and ointment are available for
nighttime use in those with persistent symptoms.

1.3.2 Treating Inflammation
The next step in ATD treatment is targeting inflam-

mation. Inflammation has been demonstrated to
be a key player in DES. T cells, cellular markers
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Fig. 1.5 An algorithm
for treating dry eye

DES symptoms
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protection with
artificial tears
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Y
Contact lens
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of inflammation (human leukocyte antigen (HLA)
DR), inflammatory cytokines (interleukin (IL)-1,
IL-6, and tumor necrosis factor (TNF), and che-
mokines (IL-8 (CXCLS)) have all been found on
the ocular surface of dry eye suffers (Stevenson
et al. 2012). Targeting inflammation is there-
fore one important avenue of treatment. While
topical corticosteroids are an effective treat-
ment, their side effects of cataract formation and
intraocular pressure elevation limit their use in
chronic diseases. Cyclosporine 0.05 % (Restasis,
Allergan, Irvine CA) is the only Food and Drug
Administration (FDA)-approved product for DES
in the USA. Several clinical trials demonstrated
improvement in symptoms, signs, and inflamma-
tory markers with the use of topical cyclosporine
(Stevenson et al. 2000; Sall et al. 2000; Brignole
et al. 2001). In patients with immune-mediated
ocular inflammation such as those with graft-ver-
sus-host disease, one can consider using cyclo-
sporine compounded at a higher concentration
(0.5 %, 2 %). Other anti-inflammatory agents are
being evaluated in DES but have not yet received
FDA approval. Topical tofacitinib, a Janus kinase
inhibitor, is one such agent that has been tested
in patients with DES in a phase I/II trial. While
the agent did not meet its primary endpoint for

efficacy, tofacitinib was superior to cyclosporine
emulsion with respect to ocular surface symptoms
and side effects. However, neither agent was more
effective than vehicle in reducing corneal staining
(Liew et al. 2012; Huang et al. 2012).

1.3.3 Punctal Occlusion

Another option for the treatment of ATD is tem-
porary or permanent occlusion of the punctae.
While this option should be considered in patients
with primary and likely irreversible ATD such as
those with GVHD, Sjogren’s syndrome, or radia-
tion keratopathy, there is less enthusiasm for the
procedure in those with concomitant LTD and/or
significant ocular surface inflammation. This is
because the punctae are likely one avenue for the
elimination of cellular and soluble inflammatory
mediators from the ocular surface and their
occlusion can exacerbate disease.

1.3.4 Treating Lid Disease

The first-line treatment for LTD is lid hygiene
(Fig. 1.5). This process involves heating the
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eyelids and massaging the meibomian gland
openings. There are many different ways to per-
form this routine including adding baby sham-
poo to warm water or applying a heated sock
filled with rice to the eyelids. The main barrier to
treatment response is patient compliance as
many patients enthusiastically follow the instruc-
tions for a short time prior to discontinuing ther-
apy. It is therefore important to stress that lid
hygiene must be incorporated into a patient’s
daily routine, with cues such as placing a note on
the bathroom mirror as a reminder until the rou-
tine has been solidified.

Oral or topical cyclins or macrolides are a
second-line therapy for LTD. Doxycycline
20-100 mg once or twice daily or minocycline
50-100 mg once daily can be used for varying
lengths of time (typically for at least 1 month).
It is important to counsel patients on potential
side effects of therapy which include but are not
limited to gastrointestinal upset and sensitivity
to sunlight. Azithromycin is an alternative med-
ication that can be used topically or orally to
treat lipid tear abnormalities (Igami et al. 2011;
Luchs 2008; Greene et al. 2014). It is impor-
tant, however, to remember that a rare but seri-
ous side effect of oral azithromycin is heart
block (FDA 2013). Topical azithromycin 1 %
(Azasite, Merck, Boston MA) can be used twice
daily as an off-label treatment for LTD, often
for a similar length of time as oral agents
(Luchs 2008).

Tetracycline derivatives likely affect lipid
deficiency both through their antibacterial and
anti-inflammatory properties. Doxycycline has
been shown to downregulate the expression of
proinflammatory cytokines and chemokines and
inhibits the activity of matrix metallopeptidase
(MMP) (Stevenson et al. 2012).

A newer option for the treatment of LTD is
the LipiFlow® Thermal Pulsation System (Tear
Science, Morrisville, NC). This device has two
arms, an interferometer (LipiView®) to aid in
the diagnosis of concomitant LTD and the treat-
ment arm (LipiFlow). The interferometer illu-
minates the tear film and measures the
interference pattern of the reflected light. This

pattern is analyzed by software included with
the device and generates a thickness measure-
ment for the lipid layer. The software then
advises based on the thickness and pattern of
interferometry whether the LipiFlow treatment
is advised. LipiFlow uses heat and gentle pulsa-
tile pressure to unblock obstructed meibomian
glands during an in-office procedure with the
goal of restoring the natural production of lip-
ids. Twenty-one patients with LTD who
received one LipiFlow treatment were found to
have improved symptoms, meibomian gland
secretion scores, and tear break-up times both 1
and 9 months after treatment (Greiner 2012).
Its current use, however, is limited mainly by
the cost of treatment as patients must usually
pay out of pocket for the procedure.

1.3.5 Nutritional Considerations

There is epidemiologic support that nutrition can
affect dry eye status with low levels of antioxi-
dants being a risk factor and elevated levels of
omega-3 fatty acids (FA) being a protective factor
for dry eye (Cejkova et al. 2008; Cermak et al.
2003; Miljanovic et al. 2005). A multicentered,
masked, randomized trial of omega-3 and
omega-6 FA oral supplementation found a signifi-
cant decrease in conjunctival inflammation, as
measured by the percentage of HLA-DR-positive
cells, in the treatment group after 3 months of
therapy (Brignole-Baudouin et al. 2011). These
findings, taken together, suggest that all patients
with symptomatic DES can be counseled on the
use of dietary supplementation with antioxidants
and omega-3 FA as an adjuvant to their dry eye
therapy. Omega-3 FA may improve tear health
through several mechanisms including influenc-
ing inflammation and modulating meibum qual-
ity. With regard to inflammation, omega-3 FAs
were found to block the production of proinflam-
matory eicosanoids and cytokines (IL-1 and TNF)
(Stevenson et al. 2012). With regard to meibum
quality, one study of women with Sjogren’s syn-
drome found a difference in polar lipid profiles
based on intake of omega-3 (Sullivan et al. 2002).
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1.3.6 Recalcitrant Dry Eye
Syndrome

Dry eye can be a difficult disease to treat, and
there are patients who continue to have debili-
tating symptoms after trying all therapies listed
above. In these patients, there is support for the
use of autologous serum tears and/or contact
lenses to alleviate disease morbidity. Autologous
tears are produced by drawing a patient’s blood
and separating its components via centrifuge. The
serum component is removed and mixed with
sodium chloride to create serum tears of variable
concentration (typically 20-100 %) which are
dosed 4 times a day. Serum tears are believed to
contain growth factors, anti-inflammatory mol-
ecules, and other proteins that help propagate
their effect. Several trials have shown improve-
ment in the signs and symptoms of DES with the
use of serum tears (Urzua et al. 2012; Kojima
et al. 2005). A retrospective review of Kaiser
Permanente Northern California patients treated

Prosthetic Replacement of
the Ocular Surface Ecosystem

Cornea
Liquid reservoir

Ectatic cone

Optic zone

Transitional zone

Haptic zone

Fig. 1.6 An illustration of the prosthetic replacement of the
ocular surface ecosystem (PROSE) lens as it vaults a patient’s
eye and maintains a constant supply of fluid on the cornea

with autologous serum tears revealed that of 30
patients with a follow-up visit within 3 months of
initiating therapy, 16 reported fewer DES symp-
toms and 12 had improvement in corneal staining.
Furthermore, the use of topical lubrication and
corticosteroids decreased (Dalmon et al. 2012).

Another option for patients with severe DES is
the use of the prosthetic replacement of the ocu-
lar surface ecosystem (PROSE) lens (Boston
Foundation for Sight, Boston MA) (Fig. 1.6). The
PROSE lens is custom designed and fitted to
vault the cornea and maintain a constant supply
of fluid on the ocular surface. This option is typi-
cally reserved for those patients with severe ATD
such as those with GVHD and radiation keratop-
athy. This lens improved symptoms and quality
of life in 33 consecutive patients with GVHD
who were unresponsive to conventional therapy
(Jacobs and Rosenthal 2007).

Conclusions

While much has been learned about the
pathophysiology of DES, there are still many
unanswered questions regarding tear film
physiology and pathophysiology. One knowl-
edge gap is why symptoms and signs of dis-
ease often do not correspond to each other.
There are many patients with severe DES
symptoms and almost normal tear film indi-
ces and other with no symptoms and a very
unhealthy ocular surface. Understanding the
discrepancy between symptoms and signs
of disease is important as it will lead to new
diagnostic criteria and treatment algorithms.
Other areas of active research include meibum
properties and its effect on lipid health, the
role of mucin in DES, ocular surface inflam-
matory pathways, and osmolarity in disease.
While more needs to be learned about DES
pathophysiology and treatment, it is important
for eye care providers to acknowledge that
DES is a real disease and formulate a screen-
ing and treatment algorithm to systematically
address and treat patients.
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