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Dry eye is one of the most common complications occurring after laser-assisted in situ keratomileusis (LASIK), with virtually all
patients experiencing some degree of postoperative dry eye symptoms. Enhanced understanding of the pathophysiology and
mechanism of dry eye development in addition to preoperative screening of patients who are prone to dry eye is essential
for better patient satisfaction and for improving short-term visual outcome postoperatively. This article reviews the latest
studies published on LASIK-associated dry eye, including epidemiology, pathophysiology, risk factors, preoperative assessment,
and management.

1. Introduction

Dry eye following laser in situ keratomileusis (LASIK) is the
most common problem faced by refractive surgeons, with
virtually all patients experiencing some dry eye after surgery,
usually transiently [1]. This side effect has a major contribu-
tion to patient dissatisfaction after LASIK [2] and causes
frustration for both patients and surgeons. Dry eye was
responsible for 19% of referrals to the cornea service in a
tertiary hospital due to nonsatisfaction with the results after
LASIK [3]. Lower satisfaction rates were reported by patients
who had one or more symptoms of dryness or recurrent
corneal erosions compared to patients reporting no symp-
toms, and fewer of these patients were willing to have repeat
surgery than patients without dry eye symptoms [4]. From
the ophthalmologist’s perspective, dry eye demands extensive
investment in time to treat, with no easy cure and occasional
discrepancy between signs and symptoms [2]. Patients often
report ocular discomfort, foreign body sensation, eye fatigue,
and irritation, despite having a normal ocular surface. It is
generally believed that LASIK induces a greater decrease in
tear secretion and corneal sensitivity, with more profound
dry eye symptoms than photorefractive keratectomy (PRK)

[5–7], although this belief was not supported in some
studies [4, 8].

Many patients who seek LASIK surgery can not tolerate
contact lenses because of a preexisting dry eye syndrome or
dry eye syndrome secondary to long-time contact lens use.
It is estimated that 30% of the candidates for refractive
surgery have dry eye symptoms and that 50% of the patients
have clinical signs of dry eyes prior to surgery [9].
Importantly, preexisting dry eye is a risk factor for severe
postoperative dry eye, with lower tear function, more corneal
staining, and more severe symptoms [10, 11].

Signs of post-LASIK dry eye include positive staining of
the ocular surface, decrease in tear breakup time (TBUT),
lower basal tear secretion, positive Schirmer test, and reduced
corneal sensitivity [9, 12, 13]. Functional visual acuity can
also be influenced [12]. The risk for refractive regression after
LASIK was reportedly increased in patients with chronic dry
eye, and patients with chronic dry eyes had significantly
worse myopic outcomes than those without dry eyes [14].

The exact mechanism by which LASIK causes ocular
dryness is not clear, but it is known to be multifactorial.
Possible mechanisms include decreased trophic influence
on the corneal epithelium due to corneal nerve severing,
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reduced corneal sensation and blink reflex, damage to the
limbal goblet cells caused by the pressure of the suction ring,
altered tear film stability due to change in corneal curvature,
inflammation, and a toxic effect of topical drops [15]. There
is no consensus among researchers regarding the risk factors
for prolonged ocular dryness after LASIK; however, patients
with preexisting dry eyes apparently are at increased risk
[9, 16]. Other possible risk factors include female sex,
Asian ancestry, and high myopia [17–19]. Surgical parame-
ters, such as suction time [20], ablation depth [21, 22], and
hinge location can also play a role [15, 23]. Artificial tears
are the primary treatment of the post-LASIK dry eye [13].
In more severe cases or when dryness becomes chronic,
other treatment modalities include cyclosporine A 0.05%
(Restasis) [24], autologous serum eye drops [25], and
punctal plugs [13, 26].

2. Incidence

Estimates of the incidence of dry eye syndrome after LASIK
vary widely, but almost all patients will have transient dry
eye during the postoperative period [27], with the greatest
incidence of dry eye after surgery at one week [22]. One study
found that 94.8%, 85.4%, and 59.4% of patients experienced
dry eye symptoms at 1 day, 1 week, and 1 month after
surgery, respectively [9]. Another report found that dry eye
affected approximately 50% of patients at 1 week, 40% at
1 month, 20% at 3 months, and 10–40% at 6 months
[22]. In contrast, a very large military study demonstrated
that dry eye after LASIK is infrequent and that dry eye
requiring punctal plugs was reported in only 0.04% of
cases [28].

3. Pathophysiology

Most corneal nerve fibers are sensory and derived from the
ophthalmic branch of the trigeminal nerve. They enter the
cornea at the periphery in a radial fashion parallel to the
corneal surface and are located mainly in the anterior third
of the stroma. Stromal fibers turn at a 90-degree angle and
proceed towards the corneal surface, penetrating Bowman’s
membrane. They are then divided into several smaller nerves,
which again turn at a 90-degree angle and continue parallel
to the corneal surface, between Bowman’s membrane and
the basal epithelial cell layer. They then course obliquely
into the more superficial epithelial cell layers where they
eventually terminate [29]. Maintenance of a normal ocular
surface requires an intact neural loop for the ocular
surface-lacrimal gland functional unit [30] since the drive
for lacrimal tear production and the blink mechanism
are stimulated by the sensory nerves that innervate the
ocular surface (cornea and conjunctiva) [31].

As noted earlier, the mechanism by which LASIK causes
dry eye is multifactorial [15]. Flap creation and corneal
ablation sever most of the nerves that course from the limbus
to innervate the stroma and epithelium in the central cornea,
which results in a decrease in tear secretion after the surgery.
An inhibited feedback loop from the cornea to the lacrimal
gland was shown to cause this tear production disturbance

[32]. A recent study reported an inverse relationship between
reinnervation post-LASIK and dry eye symptoms, suggesting
that post-LASIK dry eye is a neuropathic disease [33]. The
loss of neural stimuli also increases tear osmolarity by
decreasing lacrimal gland protein, electrolyte, and water
secretion. Osmolarity may also rise due to an increase in tear
film evaporation resulting from the absence of previously
worn glasses [5]. Increased tear osmolarity induces ocular
surface inflammation by activating stress kinases which alter
the ocular surface. In addition, the relative hypoesthesia also
leads to a drop in the blink rate, with an increase in the
evaporation of the tears.

Reports of punctate epithelial erosions and rose bengal
staining with a normal Schirmer test (which indicates normal
tear production) have led to the identification of a condition
called “laser in situ keratomileusis-induced neurotrophic
epitheliopathy” (LINE). In this condition, corneal staining
is due to diminished neurotrophic factors released from the
severed nerves [34] or from other factors, such as a decrease
in the frequency of blinking and an increase in the ocular
surface exposure [35]. The condition typically resolves
approximately 6 months after the surgery when the corneal
nerves tend to reinnervate the flap [34].

It would appear that two different mechanisms are
capable of causing dry eye after LASIK. One is a reduction
in Schirmer test results that indicates an aqueous tear defi-
ciency. Another is LINE secondary to a reduction of blinking
and a decreased release of neurotrophic factors [36]. Treat-
ment for LINE has not yet been adequately defined, and since
tear production in cases of LINE is normal, the need for
punctal occlusion is open to questions [37]. A third possible
mechanism is called the “phantom cornea.” LASIK causes
damage to corneal nerves, giving rise to aberrant sponta-
neous and stimulus-evoked nerve impulse firing. It was
speculated that these abnormal sensory discharges are read
by the brain as ocular surface dryness. A “phantom cornea”
could explain the fact that many patients experience dryness
after the surgery despite the often modest disturbances of tear
secretion and ocular surface staining. Other factors contrib-
uting to post-LASIK dryness include inflammatory response
to surgery with release of cytokines and immune mediators
[9, 38–40] and reduction in goblet cell density [41–44]. After
LASIK, the lids move over a new ocular surface which can
cause surface tension alteration and tear film layer instability
[23]. Frequent post-LASIK instillation of eye drops which
contain preservatives may induce a toxic effect on the
conjunctiva and cornea with accompanying dryness [5, 45].

4. Risk Factors for Significant or Prolonged
Dry Eye

The most significant risk factor for developing severe
ocular dryness after LASIK surgery is preexisting dry eyes
[11, 13, 45]. Preoperative tear volume may affect the recovery
of the ocular surface after LASIK, increasing the risk of
chronic dry eye [16]. A Schirmer test value of less than
10mm before surgery is a specific indicator for experiencing
dry eye symptoms after LASIK [9]. Ocular surface staining,
low corneal sensation, and dry eye symptoms before LASIK

2 Journal of Ophthalmology



are correlated with higher risk for chronic dry eyes after
LASIK [14]. Subjects requiring higher refractive correction
have an increased risk for developing dry eyes [17, 19, 46].
Patients undergoing LASIK for high myopia (range: −9.10
to −14.00D) reported ongoing dry eye symptoms 2–5 years
after surgery [19].

It is possible that the parameters in the LASIK treatment
itself are important in the risk for developing dry eye. For
example, suction time and the diameter of the ablation zone
affect corneal sensitivity and the incidence and severity of dry
eye [20, 47]. A prospective randomized clinical trial found
that dry eye was associated with the level of preoperative
myopia, ablation depth, and flap thickness [22]. While some
investigators have shown that ablation depth is an important
factor in the temporary decrease of corneal sensitivity and its
recovery [21, 46], others stated that ablation depth [15, 48] or
flap thickness [20, 48] do not affect ocular dryness after
surgery [2]. Recurrence of dry eye signs and symptoms may
be expected with LASIK enhancement [34]; however,
patients who had flap lifting and underwent retreatment
did not complain of dry eye symptoms and their tear
functions were not compromised after the procedure [49].

A long-term history of wearing contact lenses before
LASIK may contribute to delayed recovery in tear secretion
and corneal sensitivity after surgery [39, 50]. Other factors
that may contribute to post-LASIK dry eyes include previous
blepharoplasty, lagophthalmos [45], and diabetes mellitus
[51]. A genetic influence was also observed with poly-
morphism in the thrombospondin 1 (THBS1) gene that
was found to be associated with postrefractive surgery
chronic ocular surface inflammation [52].

Asian ancestry has a higher prevalence of chronic post-
LASIK tear dysfunction and dry eye symptoms; according
to one study, 28% of Asian patients suffered from dry eye
symptoms compared to 5% among Caucasian patients post-
LASIK surgery [18]. Contributing factors may include eyelid
and orbital anatomy, tear film parameters, and blinking
dynamics, as well as higher rates of attempted refractive
corrections in Asian eyes [18]. Some reports indicated that
female sex is a risk factor for post-LASIK dry eyes [17, 53],
while others found that premenopausal females had less dry
eye than males post-LASIK [2]. More recent data now
suggest that neither gender nor age influences the risk for
dry eyes post-LASIK [2, 48].

4.1. Hinge Location. The few studies that tried to determine
whether corneal sensation and the post-LASIK dry eye
state are affected by hinge characteristics [15] produced
conflicting results. The hinge provides a conduit for corneal
innervation. The corneal nerves that enter through the hinge
are preserved, maintaining corneal sensation in this area
[54]. One prospective, randomized study of 52 consecutive
patients (104 eyes) found that the loss of corneal sensation
and the presence of dry eye syndrome were greater in eyes
with a superior-hinge flap than in eyes with a nasal-hinge
flap: corneal sensation returned to normal at 6 months
post-LASIK in the eyes with nasal-hinge flaps, but it did
not return to preoperative levels even by 6 months in corneas
with a superior-hinge flap [23]. Similarly, another study

found that the TBUT and Schirmer test results were higher
in the nasal hinge group than in the superior hinge group
at 6 months post-LASIK [55]. Recovery of corneal sensitivity
was most rapid in a flap with a nasally placed hinge [56].
However, a number of studies showed that hinge position,
that is, superior versus nasal, had no significant effect on
corneal sensation or dry eye parameters [15, 32, 57, 58]. A
prospective study that compared between a nasal hinge flap
in one eye and a superior hinge flap in the fellow eye did
not find any difference in corneal sensation, basic secretion
test, tear film breakup time, conjunctival and corneal stain-
ing, or responses to a subjective questionnaire at 3 and 6
months post-LASIK [32]. Moreover, one study even found
that the decrease in corneal sensitivity in LASIK patients
was significantly greater in those with a nasal hinge than in
those with a superior hinge [59]. This controversy is partially
associated with the lack of agreement about corneal innerva-
tion. Traditionally, it was thought that the long ciliary nerves
enter the cornea at the 3 o’clock and 9 o’clock sites, with
greater susceptibility to corneal nerve damage with vertically
hinged than with horizontally hinged flaps [23]. However,
the validity of this model has been brought into question
since in vivo confocal microscopy studies showed that the
subbasal nerve fibers are in a 6- to 12-hour (superior-to-
inferior) orientation [29].

A meta-analysis that aimed to resolve this issue showed
that a horizontal-hinge flap causes less loss of sensation than
the vertical-hinge flap and that the difference was significant
at 3 months postoperatively [27]. The TBUT value was sig-
nificantly larger in the horizontal-hinge flap than in the
vertical-hinge flap at 1 and 3 months postoperatively. In
addition, a significantly greater percentage of patients with
corneal fluorescein staining had a superior-hinge flap com-
pared to those with a nasal-hinge or a temporal-hinge flap
at 1 and 3 months after surgery but not after 6 months;
Schirmer’s test values were also higher in the horizontal-
hinge group, but the difference did not reach a level of statis-
tical significance at any of the postoperative periods. Those
authors concluded not only that hinge location may have
some effect on corneal sensation and dry eye syndrome after
LASIK at the early postoperative period but also that there
was no significant difference between the groups at 6 months
after surgery [27]. Whether other features of flap structure,
such as the width of the flap [54, 60] or the hinge angle
[15] have any effect on dryness awaits further investigation.

4.2. Femtosecond Laser versus Microkeratome. The incidence
of LASIK-associated dry eye is higher in patients who had
LASIK with microkeratome than in patients in whom the
surgery was done with the femtosecond laser [20]. The high
pressure induced by the suction ring during LASIK may
damage the conjunctival goblet cells, thereby compromising
the mucin layer of the tear film [1]. Decreased conjunctival
sensitivity, which was observed even by 18 months post-
LASIK, may be due to trauma to the perilimbal conjunctival
nerves by the microkeratome suction ring [39]. Impression
cytology showed a greater reduction in goblet cell popula-
tions after microkeratome than those after femtosecond
laser, probably because of differences in the length of time
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that the suction ring exerted pressure on the conjunctiva.
Thinner flaps associated with the femtosecond laser may
cause less postsurgery dryness due to less damage to the
afferent sensory nerves in the anterior stroma [20, 60]. In a
recent prospective study [61], the eyes were randomized for
flap creation by femtosecond laser or microkeratome. The
mean central flap thickness was lower in the femtosecond
group (111μm) compared to the microkeratome group
(131μm). It should be noted that other investigators could
not find any differences between femtosecond laser and
mitcrokeratome in terms of corneal sensitivity, Schirmer
testing, TBUT, conjunctival and corneal stainings, and
subjective symptoms at 1 week and 1, 3, and 6 months
postoperatively [61].

5. Evaluation of Patients and Ocular Surface
Prior to LASIK

Prior to surgery, LASIK candidates should be carefully
questioned about dry eye symptoms and undergo a detailed
evaluation of the external ocular surface (Table 1). The
candidate should be directly questioned regarding feelings
of dryness, irritation, tired eyes, and vision fluctuations in
conjunction with blinking [62]. The Ocular Surface Disease
Index (OSDI) questionnaire helps collecting a detailed
preoperative information regarding dry eye symptoms and
signs. The clinician should look for the signs of dry eye syn-
drome, including conjunctival injection, punctate keratitis,
reduced tear meniscus, tear film debris, abnormal TBUT,
abnormal Schirmer testing, and distorted mires on corneal
topography [30]. The Schirmer test is easy to perform in a
clinical setting, and it remains the mainstay in the clinical
diagnosis of dry eye despite its inaccuracy (with only 25%
sensitivity and 90% specificity) [63] calculating the ocular
protection index (OPI) by measuring the TBUT and inter-
blink interval (IBI) and dividing TBUT by the IBI; a score
higher than one predicts a better protected ocular surface
[64]. Additional examinations include tear osmolarity, tear
mucin measurement, goblet cell count, tear lysozyme mea-
surement, and lactoferrin measurement, but these tests are
rarely done in clinical practice.

Caution is needed when evaluating patients with dry
eyes. A trial of dry eye treatment is needed before performing
LASIK surgery, and the surgery can be scheduled if patients
respond well to treatment [30]. Refractive outcomes in
patients with preoperative dry eyes tend to be good, and
although patients may experience a transient decrease in
visual acuity after surgery, there is generally no significant
difference in refractive outcomes in patients with dry eyes
who are diagnosed before or after LASIK [62]. Patients with
severe dry eye symptoms and persistent corneal staining or
decreased vision due to ocular surface disease, however,
may not be suitable for LASIK [30].

6. Symptoms and Signs

When diagnosing a post-LASIK dry eye state, the most
important factor is the anamnesis since no single test is
sufficient to diagnose dry eye [15] and signs often do not

correlate with the symptoms. Neither the Schirmer tear test
nor the rose bengal stain score correlates well with symptoms
of ocular dryness [65]. Subjective questionnaires, such as
the Ocular Surface Disease Index questionnaire, can also
be used [58].

Patients may complain of irritation, foreign body sensa-
tion, pain, grittiness, and photophobia. Compromised tear
function may induce a disruption of ocular surface integrity,
which disturbs clear vision [66] and causes fluctuation in
vision in approximately 10% of patients [11]. Functional visual
acuity is defined as the visual acuity after 10 seconds of keep-
ing the eye open, and it was found to be decreased after LASIK
surgery [12]. If patients keep their eyes open for a longer time
than the TBUT, functional visual acuity may be compromised
due to irregular astigmatism induced by tear film instability.
This may interrupt daily activities, such as reading and driv-
ing. The postoperative dry eye symptoms are temporary in
their nature and more pronounced during the first month,
usually lasting fewer than 12 months after the surgery [48].

7. Evaluation of Ocular Surface and
Tear Production

Corneal fluorescein staining is at its peak at 1 week post-
LASIK. Many of these patients do not have feelings of
discomfort, probably because the flap has sensory denervation
[34]. The condition tends to be self-limiting, resolving approx-
imately 6–12 months after LASIK [34, 39, 58]. The tear flow
may be hampered, as demonstrated by decreased Schirmer
and basal secretion test values [9, 66]. Tear secretion returns
to its preoperative values only after 9 months [50]. TBUT
was reported to decrease as early as the first day after the sur-
gery [66], and tear film stability is reestablished with normal
TBUT values by one month after surgery [9]. Other findings
in post-LASIK eyes may include elevated tear osmolarity [8,
67], increased tear film levels of MMP-9 [40], and a thin tear
lipid layer [68]. Fine lines in a lattice pattern, which are folds
in the epithelium or Bowman’s membrane and associated with
dry eyes, were also reported after LASIK [69]. Corneal surface
regularity, as evaluated by topography, can also be affected by
a dry eye state after LASIK [39]. Evaluation of tear meniscus
after LASIK surgery by anterior segment spectral-domain
optical coherence tomography (SD-OCT) found that both
upper and lower tear menisci decrease after surgery and
recover gradually up to 20 months post-LASIK [70, 71].

In contrast, other studies showed that parameters
indicating dry eye do not change after LASIK, among them

Table 1: Preoperative dry eye evaluation.

OSDI questionnaire

Slit lamp examination: eyelid disease, tear volume, tears debris,
conjunctiva and corneal injection, and fluorescein staining

TBUT

OPI

Schirmer testing

OSDI: ocular surface disease index; TBUT: tear break up time; OPI: ocular
protection index.
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corneal staining, tear breakup time, Schirmer test, tear
meniscus height, tear thinning time, osmolarity, and
topography [34, 58, 72, 73].

Lastly, the blink rate was shown to be decreased at
3 months, 6 months, and 1 year after LASIK. The drive for
normal blinking starts by a sensory branch of the trigeminal
nerve (corneal sensitivity) as the afferent arm and a motor
branch of the facial nerve as the efferent arm. Blinking
may be suppressed when sensory innervation is severed
by flap formation, and it may also be modified by other
environmental and psychological factors [66].

8. Recovery of Corneal Innervation and
Sensitivity after LASIK

Corneal sensitivity at the central and paracentral areas [21] is
known to decrease significantly after LASIK, and it is lowest
at 1 to 2 weeks postoperatively [74]. Recovery is slow: it takes
longer than 6 months [46] and appears to be complete after
12 months [59], although it could take 18 months and more
[39]. Corneal sensitivity may not only recover to preoperative
levels but could also improve after LASIK due to the
cessation of contact lens wearing [66].

In confocal microscopy, the corneas of rabbits demon-
strated epithelial and basal epithelial/subepithelial nerve
disappearances from the flap (excluding its hinge) after
LASIK [75]. The density of these nerves was restored to near
normal 2.5 months postsurgery. In humans, the subbasal
nerve fiber density showed a gradual recovery after LASIK,
although the process took longer than 6 months [74] and in
many cases longer than 24 months [76] or even 60 months
compared to 24 months after PRK [77]. The regenerated
nerve fibers were thinner, more curved, and showed abnor-
mal branching in nearly all patients, but normal sensation
was regained independently of normal subbasal nerve anat-
omy [78]. In general, recovery of corneal sensation is not
correlated with regeneration of corneal nerves, since corneal
sensation recovered to preoperative levels within the first
year after surgery while corneal nerve morphology continued
to be abnormal [62].

9. Management

The therapeutic approach is to stabilize the tear film, increase
lubricity, increase aqueous production, and, overall, create a
more normal tear environment. Ocular surface management
significantly minimized LASIK-induced decreases in goblet
cell density and reduced dry eye symptoms [41]. Intensive
dry eye treatment may improve the refractive outcome and
alleviate the need for enhancement surgery [14]. Artificial
tears are the key treatment of the post-LASIK dry eye [13],
especially the preservative-free type [79, 80]. Given that all
patients have some degree of dry eye disease after LASIK,
all patients are treated with preservative-free artificial tears
for a time period at the discretion of the surgeon. In cases
where dryness is more severe or prolonged, further therapeu-
tic tools should be considered. One prospective, randomized
study found that TBUT and rose bengal staining were sig-
nificantly improved after LASIK in patients who received

autologous serum eye drops, whereas no change in these
parameters was reported in the patients who received only
artificial tears [81]. Topical cyclosporine A 0.05% (Restasis)
may also be effective for treating LASIK-induced dryness,
inflammation, and neurotrophic epitheliopathy. A retrospec-
tive study that compared patients in whom a standard post-
operative eye drop regimen was followed with patients in
whom cyclosporine A 0.05% (Restasis) was added to the
standard regimen for 12 weeks found that cyclosporine A
0.05% was associated with overall better and faster recovery
of uncorrected visual acuity [24]. The mean refractive spher-
ical equivalent in eyes treated with cyclosporine A 0.05% was
significantly closer to the intended target at 3 and 6 months
after LASIK than that in eyes treated solely with artificial
tears. Also, a greater percentage of cyclosporine A 0.05%-
treated eyes was within +/−0.5D of the refractive target
3 months after surgery than artificial tear-treated eyes [82].
Likewise, cyclosporine A 0.05% drops were likely to be
beneficial in patients with preexisting dry eye who are
considering LASIK surgery [11, 13, 20, 34].

A new formulation of cyclosporine 0.1% cationic emul-
sion (IKERVIS) was introduced recently in Europe for the
treatment of severe keratitis in adult patients with dry eye
disease, which has not improved despite treatment with tear
substitutes [83]. Studies examining the effectiveness of the
drug for treatment of dry eye post-LASIK have not yet
been published.

Tacrolimus, a macrolide produced by Streptomyces
tsukubaensis, is another immunosuppressive agent, but its
immunosuppressive potential is higher than that of cyclo-
sporine [84]; tacrolimus is mainly used for graft versus host
disease with severe dry eye or Sjögren syndrome-related dry
eye [85, 86]; studies for dry eye post-LASIK is not yet con-
ducted. A promising novel medication for dry eye treatment
is the Diquafosol ophthalmic solution 3% which stimulated
fluid secretion from conjunctival epithelial cells and mucin
secretion from the conjunctival goblet cells. A combined
therapy of Diquafosol tetrasodium and sodium hyaluro-
nate improved visual performance and alleviated dry eye
symptoms post-LASIK [87].

Biologic molecules such as lubricin (proteoglycan-4),
recombinant human nerve growth factor, tumor necrosis
factor α-stimulated gene/protein-6, interleukin-1 receptor
antagonist, antitumor necrosis factor-α therapy, and anti-
interleukin-17 hold a promising future in the treatment of
dry eye disease. However, although many biologics have been
thoroughly investigated in animal models, human studies
remain scarce and well-designed human trials are required
to further assess their therapeutic role [88].

Punctal plugs are a safe, effective, and reversible method
of preserving aqueous and artificial tears on the ocular
surface in order to reduce the signs and symptoms of dry
eye [13]. Punctal plugs can improve not only the symptoms
of dry eye and tear function but also the quality of vision
[26, 89]. In post-LASIK patients, punctal occlusion was
shown to improve both uncorrected visual acuity and
functional visual acuity [26]. In addition, it may reduce lower
and higher order aberrations by changing the curvature,
surface tension, volume, and dynamics of the tear film [89].
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Treatment for dry eye has included topical steroids [80],
bandage contact lenses [45], and even temporary tarsorrha-
phy [80]. The use of prosthetic replacement of the ocular
surface has also been described [90]. Additional treatments
that may have a positive impact on post-LASIK ocular
dryness include nutritional supplements, such as omega-3
essential fatty acids [30], tricyclic antidepressants [91], and
eye warming devices [92].

Platelet-rich plasma showed evidence for promoting the
subbasal nerve plexus regeneration after LASIK. However,
it provided no positive effect on the recovery of corneal
sensitivity, probably due to the limited bioavailability of
growth factors in the corneal stroma when platelet-rich
plasma is topically administered [93]. Topically applied
nerve growth factor may play a future role in accelerating
corneal reinnervation after LASIK. Rabbits’ eyes that were
treated with topical nerve growth factor demonstrated an
earlier and faster recovery of corneal sensitivity after LASIK
[94]. Finally, in cases where additional factors are contribut-
ing to the dryness, such as meibomian gland dysfunction or
anterior blepharitis, treatment should include lid hygiene
with scrubs and hot compresses and topical azithromycin
or oral doxycycline should be considered as well [62].

10. Conclusion

Dry eye continues to be the most frequent complication of
LASIK, occurring in nearly all patients and fortunately
resolving in the vast majority within the first postoperative
year. From our experience, preexisting dry eye is the most
significant risk factor for severe and prolong postoperative
dry eye; therefore, careful preoperative evaluation for signs
and symptoms of dry eye is crucial for identifying patients
who are prone to develop severe dry eye postsurgery. A
thorough preoperative expectation management is to be
done, and patients should be advised that they have a signif-
icantly increased risk for developing long standing and even
chronic post-LASIK dry eye, which could potentially influ-
ence the refractive outcome. Other factors that could influ-
ence dryness post-LASIK are controversial: for example, it
is possible that patients requiring high refractive corrections
are at an increased risk for developing chronic dry eye and
regression. Enhancement surgery may exacerbate chronic
post-LASIK dry eye and therefore should be considered with
caution in patients with chronic dry eyes. The ocular surface
and tear film must be well managed before the surgery and
for several months afterwards. This should be done with
stepwise management first with preservative-free artificial
tears and, if needed, with the use of topical cyclosporine
A, topical autologous serum tears, and punctal occlusion.
Treatment is important not only to alleviate ocular discom-
fort and dryness but also to improve vision quality and
refractive results.

Conflicts of Interest

The authors declare that there is no conflict of interest
regarding the publication of this article.

References

[1] R. Solomon, E. D. Donnenfeld, and H. D. Perry, “The effects of
LASIK on the ocular surface,” The Ocular Surface, vol. 2, no. 1,
pp. 34–44, 2004.

[2] L. Golas and E. E. Manche, “Dry eye after laser in situ kerato-
mileusis with femtosecond laser and mechanical keratome,”
Journal of Cataract & Refractive Surgery, vol. 37, no. 8,
pp. 1476–1480, 2011.

[3] B. A. Levinson, C. J. Rapuano, E. J. Cohen, K. M.
Hammersmith, B. D. Ayres, and P. R. Laibson, “Referrals to
the wills eye institute cornea service after laser in situ kerat-
omileusis: reasons for patient dissatisfaction,” Journal of
Cataract & Refractive Surgery, vol. 34, no. 1, pp. 32–39, 2008.

[4] J. A. Hovanesian, S. S. Shah, and R. K. Maloney, “Symptoms of
dry eye and recurrent erosion syndrome after refractive
surgery,” Journal of Cataract & Refractive Surgery, vol. 27,
no. 4, pp. 577–584, 2001.

[5] J. B. Lee, C. H. Ryu, J. H. Kim, E. K. Kim, and H. B. Kim,
“Comparison of tear secretion and tear film instability after
photorefractive keratectomy and laser in situ keratomileusis,”
Journal of Cataract & Refractive Surgery, vol. 26, no. 9,
pp. 1326–1331, 2000.

[6] H. Matsui, Y. Kumano, I. Zushi, T. Yamada, T. Matsui, and
T. Nishida, “Corneal sensation after correction of myopia by
photorefractive keratectomy and laser in situ keratomileusis,”
Journal of Cataract & Refractive Surgery, vol. 27, no. 3,
pp. 370–373, 2001.

[7] G. Carracedo, I. Cacho, J. Sanchez-Naves, and J. Pintor,
“Diadenosine polyphosphates after laser in situ keratomileusis
and photorefractive keratectomy refractive techniques,” Acta
Ophthalmologica, vol. 92, no. 1, pp. e5–e11, 2014.

[8] I. Dooley, F. D'Arcy, and M. O'Keefe, “Comparison of dry-eye
disease severity after laser in situ keratomileusis and laser-
assisted subepithelial keratectomy,” Journal of Cataract &
Refractive Surgery, vol. 38, no. 6, pp. 1058–1064, 2012.

[9] E. Y. W. Yu, A. Leung, S. Rao, and D. S. C. Lam, “Effect of laser
in situ keratomileusis on tear stability,” Ophthalmology,
vol. 107, no. 12, pp. 2131–2135, 2000.

[10] I. Toda, N. Asano-Kato, Y. Hori-Komai, and K. Tsubota,
“Laser-assisted in situ keratomileusis for patients with dry
eye,” Archives of Ophthalmology, vol. 120, no. 8, pp. 1024–
1028, 2002.

[11] R. Ambrósio Jr., T. Tervo, and S. E. Wilson, “LASIK-associated
dry eye and neurotrophic epitheliopathy: pathophysiology and
strategies for prevention and treatment,” Journal of Refractive
Surgery, vol. 24, no. 4, pp. 396–407, 2008.

[12] I. Toda, “LASIK and the ocular surface,” Cornea, vol. 27,
Supplement 1, pp. S70–S76, 2008.

[13] G. G. Quinto, W. Camacho, and A. Behrens, “Postrefractive
surgery dry eye,” Current Opinion in Ophthalmology, vol. 19,
no. 4, pp. 335–341, 2008.

[14] J. M. Albietz, L. M. Lenton, Franzco, FRACS, and S. G.
McLennan, “Chronic dry eye and regression after laser in situ
keratomileusis for myopia,” Journal of Cataract & Refractive
Surgery, vol. 30, no. 3, pp. 675–684, 2004.

[15] S. I. Mian, A. Y. Li, S. Dutta, D. C. Musch, and R. M. Shtein,
“Dry eyes and corneal sensation after laser in situ keratomileu-
sis with femtosecond laser flap creation effect of hinge
position, hinge angle, and flap thickness,” Journal of Cataract
& Refractive Surgery, vol. 35, no. 12, pp. 2092–2098, 2009.

6 Journal of Ophthalmology



[16] K. Konomi, L. L. Chen, R. S. Tarko et al., “Preoperative
characteristics and a potential mechanism of chronic dry
eye after LASIK,” Investigative Ophthalmology & Visual
Science, vol. 49, no. 1, pp. 168–174, 2008.

[17] M. R. Shoja and M. R. Besharati, “Dry eye after LASIK for
myopia: incidence and risk factors,” European Journal of
Ophthalmology, vol. 17, no. 1, pp. 1–6, 2007.

[18] J. M. Albietz, L. M. Lenton, and S. G. McLennan, “Dry eye after
LASIK: comparison of outcomes for Asian and Caucasian
eyes,” Clinical and Experimental Optometry, vol. 88, no. 2,
pp. 89–96, 2005.

[19] I. S. Tuisku, N. Lindbohm, S. E. Wilson, and T. M. Tervo, “Dry
eye and corneal sensitivity after high myopic LASIK,” Journal
of Refractive Surgery, vol. 23, no. 4, pp. 338–342, 2007.

[20] M. Q. Salomão, R. Ambrósio Jr., and S. E. Wilson, “Dry eye
associated with laser in situ keratomileusis: mechanical micro-
keratome versus femtosecond laser,” Journal of Cataract &
Refractive Surgery, vol. 35, no. 10, pp. 1756–1760, 2009.

[21] B. A. Nassaralla, S. D.McLeod, and J. J. Nassaralla Jr., “Effect of
myopic LASIK on human corneal sensitivity,” Ophthalmology,
vol. 110, no. 3, pp. 497–502, 2003.

[22] C. S. De Paiva, Z. Chen, D. D. Koch et al., “The incidence
and risk factors for developing dry eye after myopic
LASIK,” American Journal of Ophthalmology, vol. 141, no. 3,
pp. 438–445, 2006.

[23] E. D. Donnenfeld, K. Solomon, H. D. Perry et al., “The effect of
hinge position on corneal sensation and dry eye after LASIK,”
Ophthalmology, vol. 110, no. 5, pp. 1023–1029, 2003.

[24] R. Ursea, T. L. Purcell, B. U. Tan et al., “The effect of cyclospor-
ine A (Restasis) on recovery of visual acuity following LASIK,”
Journal of Refractive Surgery, vol. 24, no. 5, pp. 473–476, 2008.

[25] I. Toda, N. Asano-Kato, Y. Hori-Komai, and K. Tsubota,
“Ocular surface treatment before laser in situ keratomileusis
in patients with severe dry eye,” Journal of Refractive Surgery,
vol. 20, no. 3, pp. 270–275, 2004.

[26] Y. H. Yung, I. Toda, C. Sakai, A. Yoshida, and K. Tsubota,
“Punctal plugs for treatment of post-LASIK dry eye,” Japanese
Journal of Ophthalmology, vol. 56, no. 3, pp. 208–213, 2012.

[27] Y. F. Feng, J. G. Yu, D. D. Wang et al., “The effect of hinge
location on corneal sensation and dry eye after LASIK: a
systematic review and meta-analysis,” Graefe's Archive for
Clinical and Experimental Ophthalmology, vol. 251, no. 1,
pp. 357–366, 2013.

[28] M. D. Hammond, W. P. Madigan Jr., and K. S. Bower, “Refrac-
tive surgery in the United States Army, 2000-2003,” Ophthal-
mology, vol. 112, no. 2, pp. 184–190.e2, 2005.

[29] L. J. Müller, C. F. Marfurt, F. Kruse, and T. M. T. Tervo,
“Corneal nerves: structure, contents and function,” Experi-
mental Eye Research, vol. 76, no. 5, pp. 521–542, 2003.

[30] S. I. Rosenfeld, “Evaluation and management of post-LASIK
dry eye syndrome,” International Ophthalmology Clinics,
vol. 50, no. 3, pp. 191–199, 2010.

[31] M. E. Stern, R. W. Beuerman, R. I. Fox, J. Gao, A. K. Mircheff,
and S. C. Pflugfelder, “The pathology of dry eye: the interac-
tion between the ocular surface and lacrimal glands,” Cornea,
vol. 17, no. 6, pp. 584–589, 1998.

[32] D. T. Vroman, H. P. Sandoval, L. E. Fernández de Castro,
T. J. Kasper, M. P. Holzer, and K. D. Solomon, “Effect of
hinge location on corneal sensation and dry eye after laser
in situ keratomileusis for myopia,” Journal of Cataract &
Refractive Surgery, vol. 31, no. 10, pp. 1881–1887, 2005.

[33] C. Cecilia, S. Fiona, Z. Xiangtian, C. Shihao, Z. Shi, and
G. Blanka, “Structural and functional changes in corneal
innervation after laser in situ keratomileusis and their
relationship with dry eye,” Graefe's Archive for Clinical
and Experimental Ophthalmology, vol. 253, pp. 2029–
2039, 2015.

[34] S. E. Wilson and R. Ambrósio Jr., “Laser in situ keratomileusis-
induced neurotrophic epitheliopathy,” American Journal of
Ophthalmology, vol. 132, no. 3, pp. 405-406, 2001.

[35] G. Savini, P. Barboni, M. Zanini, and S. C. Tseng, “Ocular
surface changes in laser in situ keratomileusis-induced neuro-
trophic epitheliopathy,” Journal of Refractive Surgery, vol. 20,
no. 6, pp. 803–809, 2004.

[36] G. Savini, P. Barboni, and M. Zanini, “The incidence and
risk factors for developing dry eye after myopic LASIK,”
American Journal of Ophthalmology, vol. 142, no. 2,
pp. 355-356, 2006.

[37] W. D. Mathers, “The incidence and risk factors for developing
dry eye after myopic LASIK procedure,” American Journal of
Ophthalmology, vol. 141, no. 3, p. 542, 2006.

[38] R. T. Ang, D. A. Dartt, and K. Tsubota, “Dry eye after
refractive surgery,” Current Opinion in Ophthalmology,
vol. 12, no. 4, pp. 318–322, 2001.

[39] L. Battat, A. Macri, D. Dursun, and S. C. Pflugfelder,
“Effects of laser in situ keratomileusis on tear production,
clearance, and the ocular surface,” Ophthalmology, vol. 108,
no. 7, pp. 1230–1235, 2001.

[40] T. C. Y. Chan, C. Ye, K. P. Chan, K. O. Chu, and V. Jhanji,
“Evaluation of point-of-care test for elevated tear matrix
metalloproteinase 9 in post-LASIK dry eyes,” The British Jour-
nal of Ophthalmology, vol. 100, no. 9, pp. 1188–1191, 2016.

[41] J. M. Albietz, S. G. McLennan, and L. M. Lenton, “Ocular
surface management of photorefractive keratectomy and laser
in situ keratomileusis,” Journal of Refractive Surgery, vol. 19,
no. 6, pp. 636–644, 2003.

[42] S. Y. Shin and Y. J. Lee, “Conjunctival changes induced by
LASIK suction ring in a rabbit model,” Ophthalmic Research,
vol. 38, no. 6, pp. 343–349, 2006.

[43] J. L. Rodriguez-Prats, I. M. Hamdi, A. E. Rodriguez, A. Galal,
and J. L. Alio, “Effect of suction ring application during LASIK
on goblet cell density,” Journal of Refractive Surgery, vol. 23,
no. 6, pp. 559–562, 2007.

[44] A. E. Rodriguez, J. L. Rodriguez-Prats, I. M. Hamdi, A. Galal,
M. Awadalla, and J. L. Alio, “Comparison of goblet cell den-
sity after femtosecond laser and mechanical microkeratome
in LASIK,” Investigative Ophthalmology & Visual Science,
vol. 48, no. 6, pp. 2570–2575, 2007.

[45] D. Huh, K. M. Kay, and W. J. Kim, “Superficial punctate kera-
topathy after laser in situ keratomileusis,” Journal of Refractive
Surgery, vol. 20, no. 6, pp. 835-836, 2004.

[46] W. S. Kim and J. S. Kim, “Change in corneal sensitivity
following laser in situ keratomileusis,” Journal of Cataract &
Refractive Surgery, vol. 25, no. 3, pp. 368–373, 1999.

[47] M. A. Bragheeth and H. S. Dua, “Corneal sensation after
myopic and hyperopic LASIK: clinical and confocal micro-
scopic study,” The British Journal of Ophthalmology, vol. 89,
no. 5, pp. 580–585, 2005.

[48] Y. Murakami and E. E. Manche, “Prospective, randomized
comparison of self-reported postoperative dry eye and visual
fluctuation in LASIK and photorefractive keratectomy,” Oph-
thalmology, vol. 119, no. 11, pp. 2220–2224, 2012.

7Journal of Ophthalmology



[49] I. Toda, N. Kato-Asano, Y. Hori-Komai, and K. Tsubota, “Dry
eye after LASIK enhancement by flap lifting,” Journal of
Refractive Surgery, vol. 22, no. 4, pp. 358–362, 2006.

[50] J. M. Benitez-del-Castillo, T. del Rio, T. Iradier, J. L.
Hernández, A. Castillo, and J. Garcia-Sanchez, “Decrease
in tear secretion and corneal sensitivity after laser in situ
keratomileusis,” Cornea, vol. 20, no. 1, pp. 30–32, 2001.

[51] F. W. Fraunfelder and L. F. Rich, “Laser-assisted in situ
keratomileusis complications in diabetes mellitus,” Cornea,
vol. 21, no. 3, pp. 246–248, 2002.

[52] L. Contreras-Ruiz, D. S. Ryan, R. K. Sia, K. S. Bower, D. A.
Dartt, and S. Masli, “Polymorphism in THBS1 gene is
associated with post-refractive surgery chronic ocular surface
inflammation,” Ophthalmology, vol. 121, no. 7, pp. 1389–
1397, 2014.

[53] J. M. Albietz, L. M. Lenton, and S. G. McLennan, “Effect of
laser in situ keratomileusis for hyperopia on tear film and
ocular surface,” Journal of Refractive Surgery, vol. 18, no. 2,
pp. 113–123, 2002.

[54] E. D. Donnenfeld, M. Ehrenhaus, R. Solomon, J. Mazurek,
J. C. Rozell, and H. D. Perry, “Effect of hinge width on cor-
neal sensation and dry eye after laser in situ keratomileusis,”
Journal of Cataract & Refractive Surgery, vol. 30, no. 4,
pp. 790–797, 2004.

[55] K. W. Lee and C. K. Joo, “Clinical results of laser in situ kerat-
omileusis with superior and nasal hinges,” Journal of Cataract
& Refractive Surgery, vol. 29, no. 3, pp. 457–461, 2003.

[56] B. A. Nassaralla, S. D. McLeod, J. E. Boteon, and J. J. Nassaralla
Jr., “The effect of hinge position and depth plate on the rate of
recovery of corneal sensation following LASIK,” American
Journal of Ophthalmology, vol. 139, no. 1, pp. 118–124, 2005.

[57] S. I. Mian, R. M. Shtein, A. Nelson, and D. C. Musch,
“Effect of hinge position on corneal sensation and dry eye
after laser in situ keratomileusis using a femtosecond laser,”
Journal of Cataract & Refractive Surgery, vol. 33, no. 7,
pp. 1190–1194, 2007.

[58] J. C. Huang, C. C. Sun, C. K. Chang, D. H. Ma, and Y. F. Lin,
“Effect of hinge position on corneal sensation and dry eye
parameters after femtosecond laser-assisted LASIK,” Journal
of Refractive Surgery, vol. 28, no. 9, pp. 625–631, 2012.

[59] Y. Kumano, H. Matsui, I. Zushi et al., “Recovery of corneal
sensation after myopic correction by laser in situ keratomileu-
sis with a nasal or superior hinge,” Journal of Cataract &
Refractive Surgery, vol. 29, no. 4, pp. 757–761, 2003.

[60] I. S. Barequet, A. Hirsh, and S. Levinger, “Effect of thin
femtosecond LASIK flaps on corneal sensitivity and tear
function,” Journal of Refractive Surgery, vol. 24, no. 9,
pp. 897–902, 2008.

[61] C. C. Sun, C. K. Chang, D. H. Ma et al., “Dry eye after
LASIK with a femtosecond laser or a mechanical microkera-
tome,” Optometry and Vision Science, vol. 90, no. 10,
pp. 1048–1056, 2013.

[62] R. M. Shtein, “Post-LASIK dry eye,” Expert Review of Ophthal-
mology, vol. 6, no. 5, pp. 575–582, 2011.

[63] J. A. Lucca, J. N. Nunez, and R. L. Farris, “A comparison of
diagnostic tests for keratoconjunctivitis sicca: lactoplate,
Schirmer, and tear osmolarity,” The CLAO Journal, vol. 16,
no. 2, pp. 109–112, 1990.

[64] G. W. Ousler 3rd, K. W. Haqberg, M. Schindelar, D. Wekch,
and M. B. Abelson, “The ocular protection index,” Cornea,
vol. 27, no. 5, pp. 509–513, 2008.

[65] O. D. Schein, J. M. Tielsch, B. Munõz, K. Bandeen-Roche, and
S. West, “Relation between signs and symptoms of dry eye in
the elderly. A population-based perspective,” Ophthalmology,
vol. 104, no. 9, pp. 1395–1401, 1997.

[66] I. Toda, N. Asano-Kato, Y. Komai-Hori, and K. Tsubota, “Dry
eye after laser in situ keratomileusis,” American Journal of
Ophthalmology, vol. 132, no. 1, pp. 1–7, 2001.

[67] V. Y. Bunya, N. M. Fuerst, M. Pistilli et al., “Variability of tear
osmolarity in patients with dry eye,” JAMA Ophthalmology,
vol. 133, no. 6, pp. 662–667, 2015.

[68] S. Patel, J. J. Pérez-Santonja, J. L. Alió, and P. J. Murphy,
“Corneal sensitivity and some properties of the tear film after
laser in situ keratomileusis,” Journal of Refractive Surgery,
vol. 17, no. 1, pp. 17–24, 2001.

[69] E. F. Carpel, K. H. Carlson, and S. Shannon, “Fine lattice lines
on the corneal surface after laser in situ keratomileusis
(LASIK),” American Journal of Ophthalmology, vol. 129,
no. 3, pp. 379-380, 2000.

[70] L. Hu, W. Xie, J. Liu et al., “Tear menisci and corneal subbasal
nerve density in patients after laser in situ keratomileusis,” Eye
& Contact Lens, vol. 41, no. 1, pp. 51–57, 2015.

[71] A. Tao, M. Shen, J. Wang, Q. Chen, and F. Lu, “Upper and
lower tear menisci after laser in situ keratomileusis,” Eye &
Contact Lens, vol. 36, no. 2, pp. 81–85, 2010.

[72] S. Patel, J. L. Alió, A. Artola, and M. J. Martinez, “Tear volume
and stability after LASIK,” Journal of Refractive Surgery,
vol. 23, no. 3, pp. 290–298, 2007.

[73] Z. Hassan, E. Szalai, A. Berta, L. Modis Jr., and G. Nemeth,
“Assessment of tear osmolarity and other dry eye parame-
ters in post-LASIK eyes,” Cornea, vol. 32, no. 7, pp. e142–
e145, 2013.

[74] T. U. Linna, M. H. Vesaluoma, J. J. Pérez-Santonja, W. M.
Petroll, J. L. Alió, and T. M. Tervo, “Effect of myopic LASIK
on corneal sensitivity and morphology of subbasal nerves,”
Investigative Ophthalmology & Visual Science, vol. 41, no. 2,
pp. 393–397, 2000.

[75] T. U. Linna, J. J. Pérez-Santonja, K. M. Tervo, H. F. Sakla,
J. L. Alió y Sanz, and T. M. T. Tervo, “Recovery of corneal
nerve morphology following laser in situ keratomileusis,”
Experimental Eye Research, vol. 66, no. 6, pp. 755–763, 1998.

[76] J. A. O. Moilanen, J. M. Holopainen, M. H. Vesaluoma,
and T. M. T. Tervo, “Corneal recovery after LASIK for
high myopia: a 2-year prospective confocal microscopic
study,” British Journal of Ophthalmology, vol. 92, no. 10,
pp. 1397–1402, 2008.

[77] J. C. Erie, J. W. McLaren, D. O. Hodge, and W. M. Bourne,
“Recovery of corneal subbasal nerve density after PRK and
LASIK,” American Journal of Ophthalmology, vol. 140, no. 6,
pp. 1059–1064.e1, 2005.

[78] O. Stachs, A. Zhivov, R. Kraak, M. Hovakimyan, A. Wree,
and R. Guthoff, “Structural-functional correlations of cor-
neal innervation after LASIK and penetrating kerato-
plasty,” Journal of Refractive Surgery, vol. 26, no. 3,
pp. 159–167, 2010.

[79] L. M. Lenton and J. M. Albietz, “Effect of carmellose-based
artificial tears on the ocular surface in eyes after laser in situ
keratomileusis,” Journal of Refractive Surgery, vol. 15,
pp. 227–231, 1999.

[80] R. Sambursky and T. P. O'Brien, “MMP-9 and the perioper-
ative management of LASIK surgery,” Current Opinion in
Ophthalmology, vol. 22, no. 4, pp. 294–303, 2011.

8 Journal of Ophthalmology



[81] T. Noda-Tsuruya, N. Asano-Kato, I. Toda, and K. Tsubota,
“Autologous serum eye drops for dry eye after LASIK,” Journal
of Refractive Surgery, vol. 22, no. 1, pp. 61–66, 2006.

[82] G. M. Salib, M. B. McDonald, and M. Smolek, “Safety and
efficacy of cyclosporine 0.05% drops versus unpreserved artifi-
cial tears in dry-eye patients having laser in situ keratomileu-
sis,” Journal of Cataract & Refractive Surgery, vol. 32, no. 5,
pp. 772–778, 2006.

[83] A. Leonardi, G. Van Setten, M. Amrane et al., “Efficacy and
safety of 0.1% cyclosporine A cationic emulsion in the treat-
ment of severe dry eye disease: a multicenter randomized
trial,” European Journal of Ophthalmology, vol. 26, no. 4,
pp. 287–296, 2016.

[84] H. Takeuchi, K. Okuyama, O. Konno et al., “Optimal dose and
target trough level in cyclosporine and tacrolimus conversion
in renal transplantation as evaluated by lymphocyte drug
sensitivity and pharmacokinetic parameters,” Transplantation
Proceedings, vol. 37, no. 4, pp. 1745–1747, 2005.

[85] E. Sanz-Marco, P. Udaondo, S. Garcia-Delpech, A. Vazquez,
and M. Diaz-Llopis, “Treatment of refractory dry eye associ-
ated with graft versus host disease with 0.03% tacrolimus
eyedrops,” Journal of Ocular Pharmacology and Therapeutics,
vol. 29, no. 8, pp. 776–783, 2013.

[86] B. K. Moscovici, R. Holzchuh, F. E. Sakassegawa-Naves et al.,
“Treatment of Sjögren’s syndrome dry eye using 0.03% tacro-
limus eye drop: prospective double-blind randomized study,”
Contact Lens & Anterior Eye, vol. 38, no. 5, pp. 373–378, 2015.

[87] S. Koh, “Clinical utility of 3% Diquafosol ophthalmic solution
in the treatment of dry eyes,” Clinical Ophthalmology, vol. 9,
pp. 865–872, 2015.

[88] L. Jones, L. E. Downie, D. Korb et al., “TFOS DEWS II
management and therapy report,” The Ocular Surface,
vol. 15, no. 3, pp. 575–628, 2017.

[89] B. Huang, M. A. Mirza, M. A. Qazi, and J. S. Pepose, “The
effect of punctal occlusion on wavefront aberrations in dry
eye patients after laser in situ keratomileusis,” American
Journal of Ophthalmology, vol. 137, no. 1, pp. 52–61, 2004.

[90] W. B. Stason, M. Razavi, D. S. Jacobs et al., “Clinical benefits of
the Boston Ocular Surface Prosthesis,” American Journal of
Ophthalmology, vol. 149, no. 1, pp. 54–61.e2, 2010.

[91] A. Ghaffariyeh and T. Chamacham, “Tricyclic antidepres-
sants: potential therapeutic alternatives for treatment of
dry eye symptoms after LASIK,” Journal of Refractive Surgery,
vol. 24, pp. 770-771, 2008.

[92] M. A. Di Pascuale, T. S. Liu, W. Trattler, and S. C. G. Tseng,
“Lipid tear deficiency in persistent dry eye after laser in situ
keratomileusis and treatment results of new eye-warming
device,” Journal of Cataract & Refractive Surgery, vol. 31,
no. 9, pp. 1741–1749, 2005.

[93] J. Javaloy, J. L. Alió, A. E. Rodriguez, A. Vega, and G. Muñoz,
“Effect of platelet-rich plasma in nerve regeneration after
LASIK,” Journal of Refractive Surgery, vol. 29, no. 3, pp. 213–
219, 2013.

[94] M. J. Joo, K. R. Yuhan, J. Y. Hyon et al., “The effect of nerve
growth factor on corneal sensitivity after laser in situ
keratomileusis,” Archives of Ophthalmology, vol. 122, no. 9,
pp. 1338–1341, 2004.

9Journal of Ophthalmology


	Dry Eye Post-Laser-Assisted In Situ Keratomileusis: Major Review and Latest Updates
	1. Introduction
	2. Incidence
	3. Pathophysiology
	4. Risk Factors for Significant or Prolonged Dry Eye
	4.1. Hinge Location
	4.2. Femtosecond Laser versus Microkeratome

	5. Evaluation of Patients and Ocular Surface Prior to LASIK
	6. Symptoms and Signs
	7. Evaluation of Ocular Surface and Tear Production
	8. Recovery of Corneal Innervation and Sensitivity after LASIK
	9. Management
	10. Conclusion
	Conflicts of Interest

