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Algorithmic approach to diagnosis and management of post-refractive surgery
dry eye disease

Sharon D’Souza, Edwin James', Rishi Swarup? Sheetal Mahuvakar’, Aditya Pradhan’, Krati Gupta

Dry eye disease (DED) is a condition that is fast reaching epidemic proportions around the world. Dry eye
post-refractive surgery is the leading cause of iatrogenically induced DED. The wide variety of presentations  [ebsite:

and the disparity between signs and symptoms in many patients make this a very challenging aspect of | www.ijo.in

our clinical practice. There has been a paradigm shift in the way we approach and treat this condition. | DOI:

The International Dry eye workshop has added new knowledge and focus to our management of dry eye. | 10.4103/jjo.lJO_1957_20
A wide range of newer diagnostic modalities are available for the diagnosis of DED. Dry eye is one of the
most common side effects of refractive surgery and can have a bearing the patient’s perception of surgical
outcomes as well. A thorough understanding of the possible underlying etiopathologies of this disease and
the difference in etiopathogenesis of postrefractive dry eye is essential for optimal outcomes. It is important
to approach each case in a unique fashion and customize the therapy to the patient presentation. This review
article compiles all these aspects of management of dry eye in general, and postrefractive surgery dry eye in
particular; from the ones commonly practiced in the clinic to the newer modalities of therapy with insights
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into the disease from a more practical point of view.
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Dry eye disease (DED) is one of the leading causes of ocular
morbidity in the world with increasing number of people
suffering from dry eye-related complaints.!" It is known
to have a variety of presenting symptoms and signs with
underlying ocular surface pathologies, hence it’s diagnosis
and management can be challenging for the treating
ophthalmologist.” DED can also be iatrogenic, secondary to
medical and surgical interventions like systemic or topical
medications, contact lens usage, and postsurgery including
refractive surgery.P! Refractive surgery has gained immense
popularity world-wide, with more than 16 million procedures
performed globally,!**! and dry eye is one of the most
commonly reported side effect of these procedures.®”! Dry eye
postrefractive surgery can also impact the postoperative quality
of vision and quality of life and therefore needs particular
attention and care.®”!

The 2017 International Dry Eye Workshop I (DEWSII) report
also defined dry eye as a multifactorial disease and highlighted
the importance of ocular surface inflammation, neurosensory
abnormalities and loss of homeostasis in this condition.'”) An
important addition in this report TFOS DEWS Il is the concept
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of neuropathic pain and its proposed management.” Dry eye
after refractive surgery can be due to the general underlying
problems like tear insufficiency and aqueous deficiency,
meibomian gland dysfunction, or secondary to transection of
corneal nerves and other specific anatomical and physiological
ocular changes during the procedure.!"'?

The identification of the underlying etiopathogenesis is
integral to the management of DED in general and helps us
customize primary treatment strategies. This review article
aims at highlighting the methodological evaluation of DED
especially related to refractive surgery and outlines a protocol
based customized management.

Etiopathogenesis of Post-Refractive Surgery
DED

The DED seen post-refractive surgery has multiple proposed
mechanisms.

Denervation of the cornea leading to decreased corneal
sensitivity

The flap creation and excimer photoablation in laser in situ
keratomileusis (LASIK) and the femtosecond photo-disruption
of stroma with manual extraction of the intrastromal lenticule
in small incision lenticule extraction (SMILE) results in the
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temporary partial denervation of the cornea. Photorefractive
keratectomy (PRK) involves excimer photoablation of the
cornea without flap creation and hence there can be some
damage to the subbasal plexus of corneal nerves but less to
the deeper stromal nerves than that seen in LASIK.["* Due to
the damage to corneal nerves secondary to these procedures,
there is a decrease in corneal sensitivity and reduction in
reflex tear secretion. This is one of the main mechanisms for
DED post-refractive surgery.""'¥ The vertical side cut of the
cornea in SMILE is shorter than that in a LASIK flap, thus
there may be less disruption of the normal corneal nerve
anatomy [Fig.1a and 1b]. This has been evaluated in a number
of studies with some reporting less corneal nerve damage and
dry eye in SMILE than LASIK™! and no significant difference
in others.'®1”] Moreover there was no significant difference
in corneal reinnervation and sensitivity between SMILE and
LASIK at 6 months postoperatively.™ Even in PRK there
have been differing results with some studies claiming less
reduction in tear secretion, corneal sensitivity and decreased
DED in PRK compared to LASIK.[% which was not proved
in other studies.?? The location of the hinge in LASIK, is
another important point which is said to have a bearing on
the dry eye after refractive surgery. Feng YF ef al. in their
metanalysis stated that a horizontal hinge led to less corneal
sensory disturbance and dry eye as compared to a vertical
location in early postoperative period, however, there was no
statistically significant difference between the two groups at
the end of 6 months post-surgery.’]

These changes to the corneal nerves can be studied in the
eye by in vivo confocal microscopy (IVCM). This technique
can be used to demonstrate the transection of corneal nerves
post-refractive surgery and serial imaging can also demonstrate
the slow regeneration of nerve fibers, which usually takes 3-6
months.M However, in some patients the nerve fiber regeneration
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Figure 1: (a) Diagrammatic representation of the normal corneal
nerve anatomy with distribution at various levels. (b) Diagrammatic
representation of differences in nerve transection in LASIK v/s SMILE

can be significantly lower even 1-year post-surgery.? Tests using
the Cochet-Bonnet esthesiometer to check corneal sensitivity
show that corneal sensation recovers to pre-operative levels
by around 6 months post-surgery. However, some patients do
experience the symptoms for a longer duration.!!

Reduced blink rate

The decreased corneal sensitivity may affect the corneal-blink
reflex-lacrimal gland pathway resulting in a reduced blink rate
and decreased reflex aqueous tear secretion.!! Since blinking
contributes to the expression of meibum from the meibomian
glands (MG) in the eye lids, the lipid layer secretion is also
dependent on the blink. Reduction in the blink rate and an
incomplete blink may result in subsequent reduction in the
MG lipid secretion and evaporative DED.*!

Corneal curvature change associated tear film instability

Changes in corneal curvature may alter the friction encountered
between the cornea and lid, leading to an unstable tear film
and dry eye.®

Mucin associated tear film instability

The pressure exerted due to the suction applied during
the refractive surgery can damage conjunctival goblet cells
resulting in reduced mucin secretion.? In addition, the
corneal nerve disruption alters the membrane-associated
mucin expression on the epithelium, leading to an unstable
tear film.*

Pain without stain

Postrefractive dry eye can also be due to neuropathic corneal
pain (NCP) which is also termed as corneal allodynia, corneal
neuralgia, corneal neuropathy or keratoneuralgia.® This has
now been included in the TFOS DEWS Il report as a separate
condition needing special care.’! The symptoms of NCP
and DED can overlap with patients complaining of pain,
discomfort, burning, irritation and grittiness in the eyes.! It
can be triggered by an ocular surgery or infection in some cases
or be related to non-ocular causes, neurological, or psychiatric
conditions.® Corneal refractive surgery like LASIK, SMILE or
PRK can be a cause for neuropathic pain. One classical feature
is the disproportionately increased symptoms as compared
to signs.

Various possible etiopathogenesis of post-refractive DED
have been summarized in Fig. 2. In addition, patients may also
suffer from aqueous deficiency and evaporative dry eye not
related to the refractive surgery. A routine screening for DED
is important before planning refractive surgery on a patient as
these patients can have a significant worsening of the disease
postoperatively if undiagnosed and not managed adequately.
Patients are screened for DED as per normal protocol DED in
the out-patient department. There are no additional special
tests for checking dry eye before refractive surgery.

Preoperative Evaluation for DED in Patients
Undergoing Refractive Surgery

History and slit-lamp examination

A detailed history preoperatively is essential and should
include history of contact lens intolerance, allergy, medication
use, previous chemical injury, long-term use of antiglaucoma
medications and associated systemic diseases like rheumatoid
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Figure 2: Flow chart of the probable pathophysiology of post-refractive surgery DED

arthritis, Sjogren’s syndrome, rosacea, systemic lupus
erythematosus. If suspecting underlying systemic disease,
a timely referral to an immunologist/rheumatologist will
help in the management of the systemic condition and better
management of the DED. Overlapping demographics of
patients opting for a refractive surgery and those suffering
from the above-mentioned conditions emphasizes the need
for careful history taking and evaluation.?"*

Patient questionnaires

Validated questionnaires like the Ocular Surface Disease
Index (OSDI), Dry Eye Questionnaire (DEQ-5) and Impact
of Dry Eye on Everyday Living (IDEEL) are useful to
preoperatively pick up symptomatology suggestive of dry
eye.[33'341

Examination — ocular surface assessment

Evaluation of the face, eyelids including meibomian glands,
blink patterns, tear film, conjunctiva and cornea are essential
in DED. Meibomian gland dysfunction (MGD) is graded using
different classifications and scales.?!

Routine tests for Dry eye evaluation including tear
meniscus height,®¢ schirmers test with and without
anesthesia, %! tear break time®! and ocular surface staining
using fluorescein, rose Bengal or lissamine green form are
an important part of the preoperative evaluation,'*! and
the same tests must be repeated postoperatively if patient
develops symptoms suggestive of dry eye. Care should be
taken to not touch the strip to the ocular surface to avoid
false staining while instilling the dye. It is important to look
for a characteristic pattern of corneal staining termed LASIK
induced neuroepitheliopathy (LINE) seen in postrefractive
surgery patients if they are symptomatic [Fig. 3].1!

Advanced Diagnostic Modalities can be
Added to the Evaluation Preoperatively if
Suspecting Dry Eye

Interferometry

Tear film interferometry is one of the newer modalities
of dry eye assessment. It measures the nature, lipid layer
thickness (LLT) and lipid layer breakup using interference
patterns. The LipiView (TearScience Inc., Morrisville, NC, USA)
and IDRA (SBI Sistemi Inc, Strada Torino, Italy) are some of
the commercially available interferometers.*!]

Meibography can be used to assess the morphology of the
meibomian glands and loss as this can be a contributor to the
dry eye.

Confocal microscopy

In vivo confocal microscopy (IVCM) is a non-invasive,
high-resolution imaging tool that images the cornea at the
different levels and delineates cellular changes. It is useful
in following up nerve and inflammation-related changes
seen in the cornea postrefractive surgery and in DED. The
number and density of sub-basal and stromal nerve cells is
deranged in DED related conditions.”?! Bead-like formation,
micro-neuromas, tortuosity and irregular branching and
increased corneal dendritic cell density [cDCD] are also seen on
IVCM in patients of DED [Fig. 4a].***l Changes in keratocyte
count, stromal changes and nerve density have been shown to
occur after refractive surgery.*>*! [VCM can also demonstrate
the corneal nerve-related changes postrefractive surgery, and
nerve regeneration on serial follow up [Fig. 4b].In a subset of
patients who have NCP, in vivo confocal microscopy (IVCM)
demonstrated decreased corneal nerves and the presence
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Figure 3: Clinical photograph of LASIK induced neurotrophic
epitheliopathy staining (LINE)

of microneuromas indicative of the swelling of the injured
nerve terminal. [ These findings could aid in diagnosis and
planning management.

Inflammatory biomarkers

One of the important underlying factors in the pathogenesis
of DED is ocular surface inflammation.”*’! Identification and
quantification of the inflammatory markers in DED can help
the clinicians to customize DED management especially if it
is detected in a pre-refractive surgery patient as the associated
inflammation can have an impact on healing and outcomes
postrefractive surgery.[*! Matrix metalloproteinase 9 (MMP9)
is one of the commonly studied inflammatory markers and can
now be measured using an outpatient point of care diagnostic
test called the InflammaDry (Rapid Pathogen Screening,
Quidel Corporation).* However, an easy diagnostic kit which
could measure a larger range of inflammatory factors known
to be associated with this condition could give much more
information and help customize treatment.[*’!

Management of dry eye related to refractive surgery

The TFOSDEWS T has given very comprehensive recommendations
for management of DED. It elaborates on treatment aspects
ranging from education of the patient regarding environmental
modifications and disease prognostication to treatment options
available for different types of DED. It also talks about the
newer thermal and light-based therapies for MGD and role of
anti-inflammatory agents, autologous serum and oral secretagogues
across disease severity.”?l The postrefractive surgery DED
management remains the same, except that postoperatively the
topical anti-inflammatory and immunomodulatory medications
like cyclosporine may need to be continued for longer duration (up
to 4 months) depending on certain preoperative characteristics.®™

Post-operative topical medications to treat and prevent dry
eye

Tear substitutes

Tear substitutes help in lubricating the surface and also
relieve patient symptomatology protecting the surface against
desiccation and promoting tear retention.®>*! A large number
of topical formulations are available containing carboxymethyl
cellulose (CMC), hydroxypropyl methylcellulose (HPMC),
sodium hyaluronate, polyvinyl alcohol, polyvinylpyrrolidone
and polyethylene glycol. Sodium Hyaluronate (HA) in addition

Figure 4: (a) Beading of nerves , increased tortuosity of corneal
nerves (arrow), increased dendritic cells (star) seen on IVCM in patients
of DED. (b) Early nerve regeneration post LASIK seen on IVCM

has been shown to bind well to ocular surface and has potential
wound healing properties.” Lubricating eye drops are selected
based on the mechanism of action, composition, viscosity,
osmolarity/osmolality, pH and preservative agents.

Preservative in tears can increase inflammation and hence
preservative-free medications are preferred, especially when
the drops have to be instilled more than 4 times a day over long
periods of time.*** Benzalkonium chloride and chlorobutanol
preservatives in excess can damage the corneal epithelium
resulting in symptoms mimicking the DED itself. Newer
preservatives like purite (sodium chlorite) sodium perborate,
are shown to cause less harm to the ocular surface.’”*® Thus,
preservative-free eye drops should be recommended to patients
who require more frequent instillation of eye drops in order
to prevent the preservative related damage to corneal and
conjunctival surface health.

Anti-inflammatory treatments

Inflammation is a known underlying feature of various types
of DED and is further increased post-refractive surgery. Use
of anti-inflammatory medications like topical steroids and
cyclosporine may have an important role in post-operative
care. This helps in reducing and breaking the inflammatory
cascade which is key to alleviating symptoms and treating
the disease.['"

Topical steroids - Steroids act on the inflammatory
cascade, by blocking cyclooxygenase. They also have local
immuno-modulatory activity by inhibiting certain transcription
factors.” Topical corticosteroid use decreases ocular irritation
and inflammation.” Since they are a part of the normal
post-operative regime in refractive surgery, they are key to
reducing the incidence of dry eye symptoms in these patients
in the early post-operative period and can be used for 4-6 weeks
in tapering doses.5 The strength of steroid used would depend
on the severity of inflammation in the eye. Patients prescribed
topical corticosteroids for dry eye should be monitored for
adverse effects like raised intraocular pressure and cataract.®

Topical Cyclosporine A (CsA) - Topical administration of
Cyclosporine A (CsA) has an important role in treatment of
DED post-refractive surgery. It acts by preventing activation of
T-cells and production of inflammatory cytokines.[®? It has also
shown some effect on increasing tear secretion and improve
both the symptoms and signs of DED in several studies.[®*5!]
Since the pathophysiology of dry eye post-refractive surgery is
slightly different from regular dry eye, it is important to control
the inflammation which may improve patient symptoms even
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Figure 5: Algorithmic approach to evaluation and management of DED pre and post refractive surgery with emphasis on subdivision by type

and grade of disease

without signs. Topical cyclosporine is usually prescribed
for a minimum duration of 3 months because the onset of
action is slower than steroids, and can also be started 1 month
preoperatively if patient is having dry eye preoperatively.5*¢2

Treatment of meibomian gland dysfunction

If the patient has chronic MGD preoperatively, it is advisable
to treat this before planning refractive surgery to avoid
postoperative complications. The goal of all treatments for
MGD is to improve the flow of meibomian gland secretions
and reduce inflammation thus leading to normal tear film
stability. This can be done by conventional methods like lid
hygiene, warm compress, gland expression, oral and topical
medications or newer procedural therapies like the thermal
pulsation system!®*®l and Intense pulsed light!®>® if the

patient is nonresponsive or faster resolution is required. These
procedures have shown good effect even in postrefractive dry
eye, but care must be taken not to perform thermal pulsation
in early postoperative period to avoid flap related issues.

Essential fatty acids - Usage of oral Omega-3 fatty acids like
eicosapentaenoic acid [EPA] and docosahexaenoic acid [DHA]
and plant-based sources 5-aminolevulinate [ALA] have been
shown to improve symptoms and decrease inflammation and
ocular surface staining in some studies, ! but not in others.[*!

Role of Vitamin D in DED- A significant association has been
found between DED and vitamin D and a protective role of
Vitamin D has also been postulated.l®” It has an important role
in wound healing and an association has also been found with
the corneal dendritic cell density and inflammatory factors in
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tears,””! It can be used as adjuvant therapy for patients with
DED non-responsive to conventional therapy.

Fig. 5 summarizes the algorithmic approach to diagnosing
and managing DED related to refractive surgery. In addition
to the features specific to postrefractive dry eye, it is important
not to miss easily diagnosable causes for DED preoperatively.
As discussed in the TFOS DEWS Il report, since DED can have
a lot of overlap between aqueous and evaporative disease, it
is useful to plan therapy based on the severity of disease as
well as the symptoms and signs.® This has to be done both
preoperatively and postoperatively if patient is symptomatic.

Conclusion

The management of DED is evolving and the treatment of post
refractive dry eye needs a comprehensive understanding of the
possible pathomechanisms. In this article we detail the different
aspects of postrefractive dry eye and present an algorithmic
approach for it’s management. A combination of detailed
history, simple tests and newer advances in understanding will
help optimize outcomes in these patients. Due to the varied
pathophysiology in the postrefractive DED, this algorithm
may be further customized for optimal results. A systematic
approach to the disease with a balance of tests and diagnostics
as discussed, followed by appropriate medications for adequate
duration will give the best outcomes.
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