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Abstract: The term STODS (Surgical Temporary Ocular Discomfort Syndrome) has been coined to
describe the ocular surface perturbations induced by surgery. As one of the most important refractive
elements of the eye, Guided Ocular Surface and Lid Disease (GOLD) optimization is fundamental
to success in achieving refractive outcomes and mitigating STODS. Effective GOLD optimization
and the prevention/treatment of STODS requires an understanding of the molecular, cellular, and
anatomic factors that influence ocular surface microenvironment and the associated perturbations
induced by surgical intervention. By reviewing the current understanding of STODS etiologies, we
will attempt to outline a rationale for a tailored GOLD optimization depending on the ocular surgical
insult. With a bench-to-bedside approach, we will highlight clinical examples of effective GOLD
perioperative optimization that can mitigate STODS’ deleterious effect on preoperative imaging and
postoperative healing.

Keywords: LASIK; Keratopathy; dry eye; STODS; LALEX; SMILE

1. Introduction

Maintaining a healthy ocular microenvironment is requisite for tear-film stability and
good vision [1]. In the wake of ocular surgery, all patients develop, in varying degrees,
Surgical Temporary Ocular Discomfort Syndrome (STODS). To combat STODS, a molecular,
cellular, and anatomic understanding of the ocular perturbations resulting from STODS
is requisite. Armed exclusively with preservative-containing artificial tears, soap, and
heat, numerous doctors and patients alike have found ocular surface microenvironment
optimization to be an elusive goal.

STODS is a term popularized through the Refractive Surgery Alliance (https://www.
refractivealliance.com/, (accessed on 6 December 2022)). Here, we use STODS to describe
the temporary disturbance to the ocular surface following ocular surgeries involving inci-
sions (manual or laser-assisted) to the cornea. The importance of STODS is its distinction
from “dry eye disease”. The proposed draft for LASIK Patient Labeling Recommendations
from the United States Food and Drug Administration also lists moderate dry eye symp-
toms as a relative contraindication for treatment, so confidently navigating preoperative
ocular surface abnormality, optimization, and postoperative STODS will only become of
even greater importance for refractive surgeons in years to come [2]. STODS is likely due to
corneal nerve plexus transection and attenuated by other factors including up-regulation of
inflammatory mediators. Corneal nerve fiber bundles are known to decrease significantly
after procedures like LASIK but substantially return by one year postoperatively; hence the
temporary nature of the condition (Figure 1) [3].
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Figure 1. Neurotrophic Etiologies for Surgical Temporary Ocular Discomfort Syndrome (STODS)
with a variety of corneal surgical interventions. Transection of nerve occurs in a varying amount with
the variety of corneal surgeries as compared to cataract surgery without femtosecond arcs. When
femtosecond arcs are employed, the potential for greater nerve transection and thus STODS develops.
Similarly, LASIK transects more corneal nerves than LASIK; therefore one would expect greater
STODS in the former surgery. Fortunately, by one year, all corneal surgeries are followed by robust
nerve regrowth to nearly baseline levels.

A stable, healthy tear film not only maximizes the quality and accuracy of preoperative
measurements for surgical planning but also provides the greatest postoperative vision [4].
To achieve and maintain refractive targets, a careful coordination between optometrist,
ophthalmologist, and patient is necessary. Effective co-management for the mitigation
of STODS requires a proactive approach. This coordinated approach, or Guided Ocular
Surface & Lid Disease (GOLD) optimization, is critical for achieving refractive targets and
keeping patients 20/Happy. Surveillance for preoperative signs in the asymptomatic is
of the utmost importance. Ensuring a stable tear film with non-invasive tear breakup
time (NITBUT) and assessing glandular health with meibography is critical (Figure 2). As
we learned from the Prospective Health Assessment of Cataract Patients” Ocular Surface
(PHACO), 80% of patients have clinically significant ocular surface disease prior to surgery
but only 22% of these patients carry a diagnosis of dry eye disease (DED) [5]. While the
importance of GOLD optimization and effective co-management for STODS mitigation
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is a growing topic of discussion, it remains a new topic with limited literature on what
approaches are most efficacious or efficient.

A"' B Average 5% Level TBT: 5.3 s

Figure 2. Non-invasive preoperative assessment with CA-800 (Topcon) Tear Film Analyzer.
(A) Placido disk non-invasive tear breakup time (NITBUT) provides an objective measure of tear
film stability (B). Through use of meibography (C) to demonstrate to patients contributing factors to
tear film instability NITBUT with Zernike analysis of the resulting astigmatism, spherical aberration,
coma, and higher order aberrations (D) to convey to patients the visual impact of tear film instability,
clinicians can help patients better understand the impact of ocular surface disease even prior to
surgery. Moreover, this analysis helps gauge IOL suitability and the likelihood of quality preoperative
topography. A NITBUT of 1 s, for example, will undeniably result in poor topography as a Pentacam
is captured over 2 s.

Although it is always important to consider optimizing the ocular surface for all
patients to improve their vision, it is of critical importance before cataract surgery. Cataract
surgery is considered a form of refractive surgery with patients expecting excellent postop-
erative results with clear and stable vision regardless of the type of intraocular lens (IOL).
In this paper, we will discuss how health of the ocular surface is assessed, what molecular
changes refractive surgery induces, and how targeted therapies aim to enhance GOLD
optimization and prevent, as well as treat, STODS should it occur.

This review, with a few case studies, attempts to take a bench-to-bedside approach
to solve and effectively combat STODS and attenuate concomitant disruption of ocular
surgery to provide the greatest chance for symptom minimization.

2. The Importance of Preoperative Optimization

First, patients should be counseled that an optimized ocular surface provides the
greatest probably of the most accurate preoperative measurements possible, and thus, the
most accurate outcome possible. This applies to keratometry, corneal tomography or topog-
raphy, and biometry as well as current manifest refraction. Without a regular and stable
ocular surface before surgery, patients should understand they might not be able to realize
their full visual potential. Rapid tear breakup time (TBUT), punctate epithelial erosions,
or low tear lakes with desiccation affect the reliability, reproducibility, and accuracy of
the preoperative measurements (Figure 3) [6]. This therefore increases the possibility of
a surgeon making an inappropriate IOL recommendation or selecting an incorrect IOL
power leading to suboptimal visual outcomes for patients. A suboptimal ocular surface
can have a profound impact on topography measurement [7].
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Figure 3. The impact of tear film stability on corneal topography. Sequential same day (A,B) Scheimpflug
image in the setting of unstable tear film demonstrating a difference (C) of 23.5 diopters on the axis of
astigmatism (D). In addition to varying magnitude and axis of astigmatism, tear film instability also
results in increased wavefront error (E). Repeat topography after GOLD optimization reveals a more
regular astigmatism with less same day variability (F,G). The best fit topography prior to GOLD
optimization (A) was compared to (F) which revealed a 0.8D increase in magnitude in astigmatism
(H,I) as well as a decrease in wavefront error (J).

Multifocal and extended depth of focus (EDOF) presbyopia-correcting IOLs provide the
greatest change for spectacle independence following cataract surgery but are exquisitely
sensitive to ocular surface disease with more variability and dissatisfaction with vision than
monofocal patients (Figure 4) [8-10]. These patients should be specifically counseled that GOLD
optimization will remain paramount after surgery for the best possible outcome.
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Figure 4. Mean visual acuity with four multifocal IOLs after the induction of different values of
positive cylinder. Mean visual acuity (A) and patient satisfaction scores (B) with four multifocal
IOLs after the induction of different values of positive cylinder (green 1/4 very satisfied; yellow
1/4 moderately satisfied; orange 1/4 not satisfied; red 1/4 not at all satisfied). Values are reported as
median, with range in brackets [11].
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3. Key Elements to Preoperative Evaluation

Whether patient is an outside referral or established in the practice, the surgeon must
evaluation their corneal health preoperatively. There are components to the ocular surface
exam with some clues evident when entering the room. Excessive or frequent blinking, skin
manifestations of rosacea, blepharitis, incomplete blink, lagophthalmos, or eye rubbing are
often evident from across the room. Elucidating details regarding contact lens wear, ocular
comfort, or symptoms of dry eye or blepharitis also help in guiding both the exam and
final IOL recommendation.

Classic clues for ocular surface abnormality include anterior blepharitis, meibomian gland
dysfunction, punctate corneal staining, anterior basement membrane corneal dystrophy, or
Salzman’s nodules, many of which are common in the cataractous population [12,13]. For a more
objective analysis of the ocular surface, corneal tomography/topography shows fluctuating and
significant irregularity [7]. A traditional way to assess the corneal tear film is tear breakup time
(TBUT). This is an “invasive” assessment that involves placing fluorescein in the tear film and
timing its evaporation, which is considered normal if >10 s [14].

New methods such as NITBUT have been gaining popularity and typically involve
video topography (Figure 2) [15]. Examples include the CA-800 (Topcon, Tokyo, Japan),
TearCheck (ESW Vision, Houdan, France), and Keratograph 5M (Oculus, Wetzlar, Germany).
Results are comparable to traditional TBUT but may be more repeatable and reliable since
they are a noninvasive test [16]. Importantly, it can be incorporated with a dropless
preoperative evaluation that will not interfere with topography. As many groups use an
anesthetic/fluorescein solution for applanation tonometry and TBUT, assessment of corneal
sensation with an esthesiometer is precluded. As corneal sensation may play a central role
in STODS, it is important to assess corneal sensation both pre- and postoperatively. For this
reason, devices such as iCare (Vantaa, Finland), that do not require anesthetic for use, may
be ideal in the refractive surgery setting.

4. Molecular Changes in Ocular Surface Abnormality and during Refractive Surgery

Striving for GOLD optimization and the prevention/treatment of STODS requires
an understanding of the molecular factors that influence ocular surface changes during
surgery. Several mechanisms have been proposed and studied. Cataract surgery alone
leads to ocular surface changes and dry eye syndrome through several mechanisms that
disrupt tear film stability [17]. Corneal nerve destruction (Figure 1) during wound creation,
triggering the inflammatory cycle, goblet cell loss, and meibomian gland dysfunction have
all been reported after cataract surgery [18,19]. Ocular surface inflammation appears to
play a dominate role over tear secretion [17]. Longer operative times, light or heat from
the microscope, use of a lid speculum, and the severity of intraocular inflammation can all
impact the postoperative ocular surface [20]. Misuse of postoperative drops is also among
the major contributors to STODS [21].

One of the best studied theories involves a cycle of ocular surface inflammation comprised
of both soluble and cellular mediators [22]. For example, patients with and without Sjogren’s
syndrome appear to have identical T-cell activation and infiltration with upregulation of CD3,
CD4, CD8, CD11a, and HLA-DR, the latter two markers specific to lymphocyte activation [23].
Additionally, increased inflammatory cytokines such as interleukin 1 (IL-1) and upregulation
of matrix metalloproteinases (MMPs) have been demonstrated in the tear film of patients
with dry eye symptoms and ocular surface diseases [24]. Other responses to ocular surface
stress include hyperosmolarity and increase in MMPs mediated by intracellular pathways
including mitogen-activated protein (MAP) kinase and inflammatory cytokines. This results
in a cycle where hyperosmolarity then induces inflammation of limbal epithelial cells by
further upregulating inflammatory cytokines [25].

The degree to which patients have these various perturbations at baseline and their
susceptibility to such perturbations has underlying genetic causes [3]. Rosacea and elevated
levels of MMPs are an area ripe for exploring genetic underpinnings that can contribute
to STODS. It has been reported that 80% of persons with rosacea have concurrent MGD.
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Though poorly understood, early research suggests gene-gene and gene-environment inter-
actions are central to rosacea’s developments. Whether through inherited genes or through
epigenetic modifications that occur through environmental influence, understanding how
genes impact STODS is critical [25].

It does appear that certain ocular insults result in chronic ocular surface disease. So
instead of STODS, a patient develops Surgical Chronic Ocular Discomfort Syndrome or
SCODS. The genetic risk factors as well as epigenetic modifications that occur in the setting
of ocular surgery are areas requiring further research. For example, currently we have
no evidence to support the idea that epigenetic modifications occurring in longstanding
STODS may contribute to the development of SCODS. Alternatively, the insult may cause
purely neurogenic and inflammatory changes that are better blunted by certain genetic
predispositions in lieu of epigenetic modifications.

Additionally, dysregulation of the balance between proteases and protease-inhibitors
has been observed in ocular surface disease. These include MMPs but also cathepsins and
plasminogen activators (and their relevant inhibitors) [26]. MMPs, serine proteases, and
cysteine proteases are all shown to be upregulated in ocular surface disease and all play a
role in protease-activated receptor (PAR) inflammatory signaling [26].

The concept of the eye biome has increased in popularity recently with evidence for a
distinct microbiome in those with dry eye disease compared to healthy individuals [27]. As
expected, those with a blepharitis component have increased prevalence of Streptophyta,
Corynebacterium, and Enhydrobacter [28]. Meibomian gland dysfunction has been associated
with increased bacteria on the ocular surface and an increase in bacterial load has been
associated with decreased goblet cell density [29,30]. In this way, alterations in the ocular
microbiome have major effects on tear film stability.

Since the most optimal therapy would involve tailoring the treatment to the patho-
physiology, certain surgical techniques induce unique changes. Following Photorefrac-
tive Keratectomy (PRK), new neurites emerge from the severed nerve endings into the
epithelial-stroma interface as early as the first week after surgery [31]. There is around
85-95% sensitivity recovery after PRK by 3 months that is directly related to the intensity of
the laser application [32-35]. Laser In-Situ Keratomileusis (LASIK) on the other hand severs
both stromal and sub-basal nerves during flap creation with direct ablation of the stromal
nerve plexus [36,37]. There is typically under 10% of the sub-basal nerves remaining after
LASIK with evidence for both continued regression after surgery since the nerves are
unable to connect with the flap leading to significantly reduced nerve density up to 5 years
postoperatively (Figure 1) [3,38-43]. Laser-Assisted Lenticule Extraction (LALEX) shows
superior postoperative corneal sensitivity compared to LASIK, likely because the nerves
outside the lenticule area remain untouched [37,44]. Femtosecond lasers used for cataract
surgery (e.g., capsulotomies) have also been associated with a dose-dependent induction
of cell-induced inflammation [45]. The use of the femtosecond laser in LASIK surgery does
not appear to alter corneal sensitivity or dry eye outcomes compared to LASIK alone. In
fact, femtosecond flaps may have superior postoperative tear film stability compared to
mechanically created flaps [46—-48]. Cell-mediated inflammation still plays a major role in
ocular surface disease following PRK, LASIK, and LALEX [21].

The emergence of Microinvasive Glaucoma Surgeries (MIGS) and the “MIGS Revolu-
tion” has allowed for the intervention of glaucoma earlier in the disease course and is often
paired with intraocular surgery often with the goal to reduce the medication burden and
lessen ocular surface side effects of topical glaucoma therapy [18]. There is currently limited
literature concerning unique variations of inflammation when cataract surgery is performed
with MIGS but there is no clear evidence that MIGS increase inflammation postoperatively
when performed correctly. Although it is important to consider glaucomatous eyes can
have a unique profile of inflammatory cytokines [49].

Thus, it is clear that ocular surface and dry eye disease is a complex entity with delicate
interplay between inflammatory mediators, tear film integrity, and the native microbiome
and these all must be considered when attempting to treat patient symptoms.
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5. Methods for Preop Ocular Surface Optimization

Lifestyle changes, although challenging to introduce, are important to consider for
GOLD optimization. Discussing the impact of environmental factors with patients such
as overhead fans, placement of vents, and any other source of blowing air that would
contribute to tear desiccation is critical. For people with incomplete lid closure and/or
Continue Positive Airway Pressure (CPAP) use, nighttime ointment or occlusive mask
during sleep is critical. Prolonged reading or binge-watching media will also exacerbate
symptoms of dry eye [50]. It may be best at these early stages of treatment to remind
patients that the surgery discussion must wait until the ocular surface improves and
accurate measurements are possible.

The most pervasive first-line treatment for dry eye symptoms are artificial tears or
ocular lubricants which generally result in a ~25% improvement of symptoms [51]. The
issue is, artificial tears, although soothing even when preservative free, are not wholly be-
nign and do not effectively restore ocular surface perturbations. Other than the immediate
symptomatic relief they provide, they also have a “dilution” effect of the inflammatory
mediators. Starting newly diagnosed patients on artificial tears QID and placing collagen
punctal plugs such as the DuraPlug (Katena, Denville, NJ, USA) that will dissolve after
3-4 months are reasonable first-line treatment options for mild disease before and after
surgery. While there is some evidence for the efficacy of lid scrubs and warm compresses,
these methods do not appear to alter lipid layer thickness or tear interferometry [52]. Addi-
tionally, perhaps it is not the best initial step in therapy to apply soaps that may further
disrupt the biome, mechanical scrubbing, or heat to tissue that is already inflamed.

For primarily lid margin disease or blepharitis, especially with Demodex, hypochlorous
acid-containing lid scrubs such as Avenova® (NovaBay Pharmaceuticals, Emeryville, CA,
USA) or OCuSOFT (OCuSOFT Inc., Richmond, TX, USA) can provide effective relief [53].
Lotilaner Ophthalmic Solution has also demonstrated efficacy specifically for Demodex
treatment [54]. Warm compresses are particularly useful for blepharitis because since the
meibomian gland is a holocrine gland, it is similar in concept to skin exfoliation in that
expression can regenerate atrophic glands [55]. Devices such as LipiFlow® (Johnson & John-
son, New Brunswick, NJ, USA) or TearCare® system (Sight Sciences, Menlo Park, CA, USA)
are more technologically sophisticated than warm compresses but use the same principle of
heat to express meibomian glands with the goal of resetting the microenvironment [56,57].
A similar method for addressing meibomian gland disease is Intense Pulsed Light (IPL)
therapy. Light is converted to heat that ablates vessels and restricts the inflammatory
mediators to the gland structures and has proven effective for abating symptoms of dry
eye [58]. The E-EYE IRPL® (ESWIN, Houdan, France) was the first registered and medically
certified IPL for the DED & MGD in 50+ countries outside of the U.S. Now available in the
U.S. along with Optilight® (Lumenis, Yokneam, Israel), we have IPL devices with proven
efficacious protocols for optimizing ocular surface disease.

To address more of the root causes of ocular surface disease, topical anti-inflammatories
have been growing in popularity. Lifitegrast ophthalmic solution (Xiidra®, Novartis AG
Pharma, Basel, Switzerland) addresses this by binding to lymphocyte function-associated
antigen-1 (LFA-1) to prevent the inflammatory cascade with good efficacy in treating symp-
toms [59]. A T-Cell suppressant regimen such as Xiidra® BID, a topical steroid such as
Eysuvis® (Alcon, Fort Worth, TX, USA) QDAY prior to surgery are reasonable approaches
to address the inflammatory component. Similarly, topical cyclosporine A including cy-
closporine ophthalmic solution 0.09% (Cequa, Sun, Princeton, NJ, USA) and cyclosporine
ophthalmic solution 0.05% (Restasis®, AbbVie, Chicago, IL, USA) as well as new generic
0.05% cyclopsporine formulations, inhibit T-cell activation and production of inflammatory
cytokines by inhibition of calcineurin [60,61].

A regimen such as two months of Cequa® BID and Eysuvis® (Alcon, Fort Worth, TX,
USA) QDAY with potential erythromycin ointment nightly for MMP-9 inhibition is another
reasonable way to approach GOLD optimization from the inflammatory perspective before
surgery. The use of topical corticosteroids has been proven effective for the signs and
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symptoms of ocular surface disease [62]. Strategic use of these inflammatory mediators
must be considered with other therapies. For example, full punctual occlusion with
lifitegrast results in new tears diluting the lifitegrast until it dissociates and makes the
LFA-1 accessible to enable T-Cell ocular surface invasion.

While tetracyclines do reduce bacterial flora, they also have been shown to inhibit
lipase activity, MMP-9 levels, and inflammatory cytokines [63]. A short course of doxycy-
cline would also be a reasonable approach before ocular surgery. Lastly, while autologous
serum tears derived from blood samples theoretically have the benefit of containing other
biochemical factors to mimic an individual’s tear film more closely, they are difficult to
obtain and evidence for efficacy is limited in the long term [64].

An alternative to the previously mentioned autologous serum tears is a hypoosmolar
ophthalmic solution with a “patented formula” of human placental-derived biomaterials
from amnionic fluid such as Regener-Eyes® (Regener-Eyes®, Palm Harbor, FL, USA) which
is typically dosed 1-4 times per day for symptoms of dry eye [65]. An immune-privileged
site, amnionic fluid contains several factors to promote cell growth and regeneration of
collagen [66]. Cell-free amnionic fluid derivatives have also proven effective in not only
cases of corneal wound healing but also for symptoms of keratoconjunctivitis sicca [67].
Another approach is to place a few drops of these solutions into an ocular surface drug
depot system such as Hyper-CL™ (EyeYon Medical, Ness Ziona, Israel). This theoretically
protects the ocular surface from the mechanical action of blinking and increases the ocular
surface contact time with the solution. Nevertheless, for applications that involve opti-
mizing corneal topography/tomography, the presence of a contact lens that may induce
astigmatism may not be the ideal approach.

To address reducing MMPs further, low-dose oral options such as doxycycline 40 mg
(Oracea®, Galderma, Lausanne, Switzerland) or doxycycline hyclate 20mg (Periostat®,
Galderma, Lausanne, Switzerland) provide improvement of meibomian gland dysfunction
without disrupting the microbiome of the eye [68]. Erythromycin or even postoperative
antibiotic therapy may disrupt this biome further so these options with minimal antibiotic
properties or favoring intracameral antibiotics over a course of topicals may prevent STODS
and help optimize the ocular surface.

Similarly, the “pro-biotic” concept is relatively new to ophthalmology but treatments
such as HydroEye® (Spring, TX, USA) provide a proprietary blend of Gamma-linolenic
acid (GLA), omega 3 fatty acids (EPA and DHA), antioxidants, and vitamins to support the
tear film. The ingredients have demonstrated success and are another reasonable option
both before surgery for GOLD optimization and postoperatively for the prevention of
STODS [69]. Another benefit of oral preparations is patient acceptance. They are com-
fortable with taking a natural option long-term and appreciate that the anti-inflammatory
effects can also have systemic benefits. These are also excellent options as therapy by an
alternate route may reduce the future need to add more topical medications.

Another “minimally invasive” option is varenicline nasal spray (Tyryva™, Oyster
Point Pharma, Princeton, NJ, USA) which has shown excellent efficacy and speed to clinical
effect [70]. Neuroinflammation of the corneal nerves, trigeminal ganglion, and trigeminal
brainstem complex have been associated with dry eye changes so this provides a promising
new approach especially since it is not another topical therapy [71]. A month or two of this
therapy is reasonable before surgery and can easily be continued after as well.

A step past the amniotic fluid-derived therapies is amnionic membrane grafts (AMG)
which are composed of epithelial cells, their basement membrane, and a matrix of connective
tissue all bathed in amnionic fluid containing numerous anti-inflammatory, immunomodulatory
cytokines, and growth factors [72,73]. Cryopreserved AMG has shown promise in regeneration
of corneal nerve and acceleration of ocular surface recovery in cases of dry eye [74]. Cryopre-
served AMG can also be placed under a generic bandage contact lens or even a Kontur Contact
Lens (Kontur, Hercules, CA, USA) for easy application (Figure 5).
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Figure 5. Prokera for preoperative STODS mitigation (A) demonstrates a view at the slit-lamp of
standard Prokera placement (Note: even in best case scenario retaining ring presses on cornea).
(B) Prokera has ridden up on cornea therapy inducing artifactual astigmatism. When immediately
removed, Prokera leaves a film on the cornea (C) that interferes with the mires and paradoxically
results in a worsened NITBUT (D) as compared to prior to insertion (E).

Unlike dehydration, lyophilization is a gentler process that is less likely to denature
proteins and thus, once rehydrated, results in more therapeutic potential [75]. Lyophilized
autologous serum tears have demonstrated equivalent efficacy to fresh samples [76]. Lyophilized
AMGs have been successfully used in pterygium surgery and are likely reasonable for other
ocular surface disease applications as well [77]. Either lyophilized or cryopreserved AMGs are
reasonable intermediate steps under contact lenses but additional studies, especially molecular
analysis, will be necessary to tease out details if one is superior to the other.
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Neox® Flo (BioTissue, Miami, FL, USA) is another tissue product containing both am-
nionic membrane and umbilical cord (AM/UC) that has already demonstrated efficacy to
assist in wound healing [78]. Demonstrated ophthalmic applications are currently limited but
it will likely provide a promising option when used under a Kontur or bandage contact lens.
Experiments are underway to compare NEOX® FLO to Prokera® to determine the utility for
optimizing the ocular surface prior to biometry. Both this product as well as a new lyophilized
amniotic membrane graft, Xcellereyes® (Oculus Biologics, Willowbrook IL, USA) may be
superior to Prokera® for preoperative optimization as the retaining ring of the Prokera® can
ride up onto cornea, inducing astigmatism (Figure 5). The Prokera® line of products can
also leave a residue on the ocular surface when first removed. This paradoxically worsens
the NITBUT and accordingly the quality of topography (Figure 5). Logistically, due to this
residue and the potential astigmatism induced by the retaining ring, same day Prokera®
removal followed by biometry is non-ideal. In our current protocol, we stagger topography
and biometry three days after Prokera® removal to mitigate these potential confounders
(Figure 6). Dehydrated AMGs under contact lenses do not leave a similar residue and the use
of a large diameter contact lens such as a Kontur may be less likely to induce astigmatism
and effectively retain therapeutic factors on the ocular surface (Figure 7). Experiments are
underway to better understand if substitution of a lyophilized product under a contact lens
may provide the superior therapeutic benefit of Prokera® compared to dehydrated AMG
without the residue deposition and astigmatism induction by the Prokera®.
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Figure 6. Guided Ocular Surface & Lid Disease (GOLD) Co-management algorithm. Incorporating
aspects of the ASCRS algorithm one proposed GOLD co-management protocol involves first probing
for signs with inflammatory for MMP-9 measurement (relatively low cost and placeable in every
optometric office with a CLIA waiver). Symptoms can be established as well with SPEED II. Once



Diagnostics 2023, 13, 837

110f18

A Setiote

Amaiotic Ocular Matrix

‘}! '

~—
—
== ﬁ

uncovering ocular surface disease, the referring optometrist could first start the patient on a T-cell
suppressant regimen such as BID cequa and QDAY Eysuvis. Patient would then first see the surgeon
in 2-4 weeks after beginning the regimen. If tear film analysis revealed continued tear film instability
and significant glandular disease, the surgeon would place a Prokera and refer back to the optometrist
for meibomain gland optimization. Through interventions such as IPL and heated expression, the
tear film can be stabilized as measured and help restore tear film stability. Once fully optimized,
the stability of the tear film and meibomian gland health can be confirmed prior to Biometry and
Topography to guide surgery.
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Figure 7. Speculum-Free Insertion of Amniotic Membrane Graft Under Kontur—Through use of a
Kontur large diameter contact lens, an antibiotic drop, and an amniotic graft (A), a self-retaining
amniotic membrane graft without a retaining ring can be created. A drop of antibiotic is placed
inside the Kontur (B), and then the non-hydrated amniotic membrane is grasped with a pair of
jeweler forceps (C). The amniotic membrane is placed with one edge touching the antibiotic fluid in
the Kontur and the amniotic membrane sequentially adheres to the contact lens through hydrostatic
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attraction, similar to the application of a screen protector (D). Next an antibiotic drop is instilled
in the eye (E) and then the patient is told to look down and pull down on their lower lid (F). The
clinician then pulls up on the lower lid and places the Kontur with adhered AMG (G). Once on the
eye (H) the patient is told to look down thereby centering the lens and AMG over the cornea (I). Next
the patient and clinician release their fingers from the lids (J).

6. Intraoperative Management

As discussed earlier, preserving the ocular microbiome may play a major role in man-
aging ocular surface disease. Intraocular methods such as the newly described “Shimada
Technique” employs 0.25% Povidone-lodine washes during cataract surgery to incredible
antimicrobial effect [79]. This technique, or intracameral antibiotics at the conclusion of
surgery, may remove the need for postoperative antibiotics that continue to disrupt the
ocular microbiome for the week following surgery [80]. Faster return to normal flora may
equate to faster return to a healthy ocular surface. Use of dispersive viscoelastic such as
OcuCoat® (Bausch + Lomb, Laval, QC, Canada) on the ocular surface instead of a balanced
saline solution may also prevent intraoperative drying and epithelial damage.

For laser-based surgeries, several of the previously mentioned considerations can fur-
ther guide laser selection. Eyes with significant ocular surface disease may experience less
STODS with PRK or LALEX over LASIK, for example. Additionally, femtosecond-assisted
cataract surgery should be kept to the minimal necessary power. This concept of “low-
energy” LALEX has gained popularity recently as technology continues to advance [81].
While LASIK flap thickness or hinge position have not demonstrated an effect on ocular
surface symptoms, there is evidence that smaller flap diameters do create less nerve tran-
section, and accordingly less ocular surface disease [82,83]. Thus, the ratio between the
corneal and flap diameter is another consideration surgeons can use to minimize the risk
of STODS. Another consideration is the demonstrated symptom profile of femtosecond
created flaps compared to mechanically created flaps [47,48].

7. Postoperative Management of STODS

Any laser or cataract surgery can result in postoperative disruption to the tear film
and cause Surgical Temporary Ocular Discomfort Syndrome (STODS) (Figure 8). Staying
ahead of the inflammatory cascade using the methods mentioned above is likely the best
way to prevent STODS, but there are ways to manage it should it occur. When it does occur,
it is also essential to carefully pair the appropriate therapeutic target with the underlying
pathophysiology of the cause.
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Figure 8. Solving STODS, a graphical summary. The ocular surface microenvironment undergoes
unique perturbations from each surgical insult. A variety of therapeutics and interventions can be
utilized to blunt the impact of STODS on the ocular surface.

Many of the previously mentioned therapies can be continued into the postoperative
period, especially those that have routes other than application onto the ocular surface such
as HydroEye® or Tyryva™. As mentioned before, avoiding postoperative antibiotics may
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lead to faster restoration of the native ocular microbiome. Similarly, avoiding postoperative
corticosteroid drops likely benefit the ocular surface by reducing exposure to preservatives.
Products like the dexamethasone eluting punctal plug Dextenza® (Ocular Therapeutix, Inc.,
Bedford, MA, USA) or subconjunctival triamcinolone can spare the ocular surface after
surgery and provide effective control of intraocular inflammation [84,85]. Of the therapies
that can or should be continued, cylcosporine 0.05% has been shown to improve visual
outcomes after multifocal IOL implantation [9].

As referenced earlier, laser-based surgeries, including femtosecond-assisted cataract
surgery, exert unique changes on the ocular surface (Table 1). In addition to cell-mediated
inflammation, the destruction of corneal nerves and incited inflammation from Femto,
LASIK, PRK laser-based surgeries implies these patients may not only benefit from med-
ications with cellular anti-inflammatory mechanisms, but also therapies that assist with
corneal nerve regeneration. Examples of this would include the amnion-derived bio-tissues
discussed earlier such as NEOX® FLO (Table 2).

Table 1. Summary of Unique Pathways to Surgical Temporary Ocular Discomfort Syndrome (STODS)
Following Different Ocular Surgeries.

Ocular Surgery Mechanism Potential Therapeutic Targets
Ocular Surface TYRVAYA™—Spares surface
Cataract Surgery Along ; CEQUA®, RESTASIS®
Inflammation; corneal nerve ®
Cataract Surgery + MIGS . . . . HydroEye
loss; microbiome disruption ®
Regener-Eyes
NEOX FLO
PRK Corneal nerve loss, worst AMG
LASIK with LASIK TYRVAYA™—Spares surface
CEQUA®, RESTASIS®
Corneal nerve loss, least of all Regener-Eyes®
LALEX laser-based TYRVAYA™—Spares surface
refractive surgeries CEQUA®, RESTASIS®
Ocular Surface TYRVAYA™—Spares surface
® ®
FLACS Inflammation, correlated CEQUAY, RESFI;@ASIS
HydroEye

with energy

Regener-Eyes®

Table 2. Strategies, Mechanisms, and Option of Various Treatments for Ocular Surface Optimization

and Surgical Temporary Ocular Discomfort Syndrome (STODS).

Class Mechanism Examples Duration Uses?gg;i;gents
. Lo This should become a
Lifestyle Changes Prgveptmtg tear Fanp l?cemec?t’ a\égldmg Indefinitely permanent lifestyle
esiccation prolonged reading change for all patients
Tear replacement; REFRESH TEARS® Frequent use of
inflammatory marker (Abbvie, Chicago, IL, QID, 24 months pre-op ~ unpreserved tears can
dilution USA) worsen symptoms
Increasing Tear Films Avoid using with some
. anti-inflammatories,
Punctal Occlusion DuraPlug 2—4 months pre-op diluting them in the
tear film reduces effect
Hypdélfrﬁ;ls s Acid Meibomian exfoliation, o For predominantly
. . mechanical Avenova®, OCuSOFT 2—4 months pre-op blepharitis or Demodex
Lotilaner Ophthalmic debridement

Solution

symptoms
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Table 2. Cont.

ial
Class Mechanism Examples Duration Uses?(lggrcrll;ents
. . Careful applying heat
Heat-based meibomian Warm Compresses BID 2 months pre-op o de bfircjlgme% o
Warming expression inflamed tissue

Heat-based meibomian
expression

LipiFlow®, TearCare®

More regulated and

2 months pre-op gentle on eyelids

Pro-Biotics

Tear film support

HydroEye®

Surface sparing, easy to

2 months pre-op continue post-op

Monitor for pressure

Corticosteroid Prednisolone Acetate BID 2 months pre-op response
. Paired with Prednisolone
LFA-1 Xiidra® BID 2 months pre-op Acetate BID
Anti-inflammatori Calcineurin inhibition  CEQUA®, RESTASIS®, ~ BID 2 months pre-op | aired with Prednisolone
nti-inflammatories p ) pre-op Acetate QDAY
Nasal spray; spares
Verenicline TYRVAYA™ BID 1 month pre-op ocular surface; easy to
continue post-op

IPL OptiLight 4 section pre-op Can repeated post-op

Minimal antibacterial
MMP Inhibition Doxycycline ORACEA®, Periostat® 1-2 weeks pre-op properties so microbiome

preservation
Theoretically contain
A%X%I;tcﬁﬂtggar Autolo%g‘;lrss Serum Serum Tears 2 months pre-op more patient-specific

bio-compatible materials

Amnionic-Based
Therapies

Amnionic Fluid-Based

Can be used under
drug depot system
(Hyper-CL™)

Tears Regener—Eyes® QID 2 months pre-op

Lyophilized Amnionic AMG

Cryopreserved or Can be placed under
contact lens; consider

for post-laser STODS

Pre- or Post-Op
Membrane Grafts

Amnionic and Placental

Can be placed under

contact lens; consider
for post-laser STODS

NEOX FLO Pre- or Post-Op

derived

8. Conclusions

Recognizing the signs of ocular surface disease is paramount in any surgical workup.
This should be followed by an earnest discussion about the importance of GOLD Opti-
mization for obtaining optimal measurements and thus optimal outcomes. Part of this
discussion with patients is ensuring they understand the major role they play in their own
outcome. Patient compliance is a known issue with dry eye treatment and the degree to
which they comply with the treatment options surgeons suggest will directly correlate to
their outcome [86]. Investing in their eyes, and their vision, is a lifetime commitment that
starts before ocular surgery. Many new treatments for STODS and general dry eye symp-
toms are constantly developed so this remains an active and innovative area of research.
Patents already exist for ways to regulate blood flow to restore a more normal oxygen
status to dysfunctional meibomian glands [87].

Understanding that there’s no definitive cure for dry eye and the patient will never
be able to abandon caring for their ocular surface is perhaps the best way to ensure happy
patients and happy surgeons. In particular we must understand that although STODS may
be temporary, if left untreated it can create a chronic inflammation or Surgical Chronic
Ocular Disease Syndrome (SCODS). The effective refractive surgeon will identify the
various intrinsic factors such as genetic propensity, ocular surface disease prior to surgical
intervention, and various anatomical factors that may increase the risk of STODS to SCODS
conversion. They will not be flat-footed and reactionary, but instead, proactive in mitigating
STODS at the gate and ensuring it never becomes SCODS.



Diagnostics 2023, 13, 837 15 of 18

Author Contributions: M.T.H. and B.P.B. conceived and wrote the manuscript. All authors have
read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  D’Souza, S.; Annavajjhala, S.; Thakur, P; Mullick, R.; Tejal, S.; Shetty, N. Study of Tear Film Optics and Its Impact on Quality of
Vision. Indian |. Ophthalmol. 2020, 68, 2899. [CrossRef]

2. FDA. Laser-Assisted In Situ Keratomileusis (LASIK) Lasers—Patient Labeling Recommendations Draft Guidance for Industry and Food and
Drug Administration Staff; FDA: Silver Spring, MD, USA, 2022.

3. Lee, BH.; McLaren, ].W,; Erie, ].C.; Hodge, D.O.; Bourne, WM. Reinnervation in the Cornea after LASIK. Investig. Ophthalmol. Vis.
Sci. 2002, 43, 3660-3664.

4. Pflugfelder, S.C.; Stern, M.E. Biological Functions of Tear Film. Exp. Eye Res. 2020, 197, 108115. [CrossRef]

5. Trattler, W.B.; Majmudar, P.A.; Donnenfeld, E.D.; McDonald, M.B.; Stonecipher, K.G.; Goldberg, D.F. The Prospective Health
Assessment of Cataract Patients” Ocular Surface (PHACO) Study: The Effect of Dry Eye. Clin. Ophthalmol. 2017, 11, 1423-1430.
[CrossRef]

6. Nibandhe, A.S.; Donthineni, PR. Understanding and Optimizing Ocular Biometry for Cataract Surgery in Dry Eye Disease: A
Review. Semin. Ophthalmol. 2022, 1, 1-7. [CrossRef] [PubMed]

7. Goto, E.; Yagi, Y.; Matsumoto, Y.; Tsubota, K. Impaired Functional Visual Acuity of Dry Eye Patients. Am. J. Ophthalmol. 2002,
133, 181-186. [CrossRef] [PubMed]

8. Alio, J.L.; Plaza-Puche, A.B.; Férnandez-Buenaga, R.; Pikkel, J.; Maldonado, M. Multifocal Intraocular Lenses: An Overview. Surv.
Ophthalmol. 2017, 62, 611-634. [CrossRef] [PubMed]

9.  Donnenfeld, E.D.; Solomon, R.; Roberts, C.W.; Wittpenn, ].R.; McDonald, M.B.; Perry, H.D. Cyclosporine 0.05% to Improve Visual
Outcomes after Multifocal Intraocular Lens Implantation. J. Cataract Refract. Surg. 2010, 36, 1095-1100. [CrossRef]

10. Woodward, M.A.; Randleman, B.J.; Stulting, D.R. Dissatisfaction after Multifocal Intraocular Lens Implantation. J. Cataract Refract.
Surg. 2009, 35, 992-997. [CrossRef]

11. Carones, F. Residual Astigmatism Threshold and Patient Satisfaction with Bifocal, Trifocal and Extended Range of Vision
Intraocular Lenses (IOLs). Open J. Ophthalmol. 2017, 7, 1-7. [CrossRef]

12.  Gupta, PK,; Drinkwater, O.].; VanDusen, K.W.; Brissette, A.R.; Starr, C.E. Prevalence of Ocular Surface Dysfunction in Patients
Presenting for Cataract Surgery Evaluation. J. Cataract Refract. Surg. 2018, 44, 1090-1096. [CrossRef] [PubMed]

13.  Fu,J.; Chou, Y,; Hao, R;; Jiang, X.; Liu, Y.; Li, X. Evaluation of Ocular Surface Impairment in Meibomian Gland Dysfunction of
Varying Severity Using a Comprehensive Grading Scale. Medicine 2019, 98, e16547. [CrossRef]

14. Doughty, M.]. Fluorescein-Tear Breakup Time as an Assessment of Efficacy of Tear Replacement Therapy in Dry Eye Patients: A
Systematic Review and Meta-Analysis. Ocul. Surf. 2014, 12, 100-111. [CrossRef] [PubMed]

15.  Vidas Pauk, S. Noninvasive Tear Film Break-Up Time Assessment Using Handheld Lipid Layer Examination Instrument. ACC
2019, 58, 63-71. [CrossRef]

16. Kojima, T.; Dogru, M.; Kawashima, M.; Nakamura, S.; Tsubota, K. Advances in the Diagnosis and Treatment of Dry Eye. Prog.
Retin. Eye Res. 2020, 78, 100842. [CrossRef] [PubMed]

17. Ishrat, S.; Nema, N.; Chandravanshi, S.C.L. Incidence and Pattern of Dry Eye after Cataract Surgery. Saudi ]. Ophthalmol. 2019,
33, 34-40. [CrossRef] [PubMed]

18.  Wellik, S.R. Glaucoma and Dry Eye Syndrome: Double Trouble. In Dry Eye Disease; Elsevier: Amsterdam, The Netherlands, 2023;
pp. 147-152. [CrossRef]

19. Han, K.E,; Yoon, S.C.; Ahn, ].M.; Nam, S.M.; Stulting, R.D.; Kim, E.K.; Seo, K.Y. Evaluation of Dry Eye and Meibomian Gland
Dysfunction After Cataract Surgery. Am. J. Ophthalmol. 2014, 157, 1144-1150.el. [CrossRef]

20. Kato, K.; Miyake, K.; Hirano, K.; Kondo, M. Management of Postoperative Inflammation and Dry Eye After Cataract Surgery.
Cornea 2019, 38, S25-533. [CrossRef]

21. Li, X.-M,; Hu, L.; Hu, J.; Wang, W. Investigation of Dry Eye Disease and Analysis of the Pathogenic Factors in Patients after
Cataract Surgery. Cornea 2007, 26 (Suppl. S1), S16-520. [CrossRef]

22.  Pflugfelder, S.C. Anti-Inflammatory Therapy of Dry Eye. Ocul. Surf. 2003, 1, 31-36. [CrossRef]

23. Stern, M.E.; Gao, J.; Schwalb, T.A.; Ngo, M.; Tieu, D.D.; Chan, C.-C.; Reis, B.L.; Whitcup, S.M.; Thompson, D.; Smith, J.A.

Conjunctival T-Cell Subpopulations in Sjogren’s and Non-Sjogren’s Patients with Dry Eye. Investig. Ophthalmol. Vis. Sci. 2002,
43,2609-2614.


http://doi.org/10.4103/ijo.IJO_2629_20
http://doi.org/10.1016/j.exer.2020.108115
http://doi.org/10.2147/OPTH.S120159
http://doi.org/10.1080/08820538.2022.2112699
http://www.ncbi.nlm.nih.gov/pubmed/35989638
http://doi.org/10.1016/S0002-9394(01)01365-4
http://www.ncbi.nlm.nih.gov/pubmed/11812420
http://doi.org/10.1016/j.survophthal.2017.03.005
http://www.ncbi.nlm.nih.gov/pubmed/28366683
http://doi.org/10.1016/j.jcrs.2009.12.049
http://doi.org/10.1016/j.jcrs.2009.01.031
http://doi.org/10.4236/ojoph.2017.71001
http://doi.org/10.1016/j.jcrs.2018.06.026
http://www.ncbi.nlm.nih.gov/pubmed/30078540
http://doi.org/10.1097/MD.0000000000016547
http://doi.org/10.1016/j.jtos.2013.11.002
http://www.ncbi.nlm.nih.gov/pubmed/24725322
http://doi.org/10.20471/acc.2019.58.01.09
http://doi.org/10.1016/j.preteyeres.2020.100842
http://www.ncbi.nlm.nih.gov/pubmed/32004729
http://doi.org/10.1016/j.sjopt.2018.10.009
http://www.ncbi.nlm.nih.gov/pubmed/30930661
http://doi.org/10.1016/B978-0-323-82753-9.00009-6
http://doi.org/10.1016/j.ajo.2014.02.036
http://doi.org/10.1097/ICO.0000000000002125
http://doi.org/10.1097/ICO.0b013e31812f67ca
http://doi.org/10.1016/S1542-0124(12)70005-8

Diagnostics 2023, 13, 837 16 of 18

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.
40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Solomon, A.; Dursun, D.; Liu, Z.; Xie, Y.; Macri, A.; Pflugfelder, S.C. Pro- and Anti-Inflammatory Forms of Interleukin-1 in the
Tear Fluid and Conjunctiva of Patients with Dry-Eye Disease. Investig. Ophthalmol. Vis. Sci. 2001, 42, 2283-2292.

Li, D.-Q.; Luo, L.; Chen, Z; Kim, H.-S.; Song, X.J.; Pflugfelder, S.C. JNK and ERK MAP Kinases Mediate Induction of IL-1beta,
TNEF-Alpha and IL-8 Following Hyperosmolar Stress in Human Limbal Epithelial Cells. Exp. Eye Res. 2006, 82, 588-596. [CrossRef]
Fu, R.; Klinngam, W.; Heur, M.; Edman, M.C.; Hamm-Alvarez, S.F. Tear Proteases and Protease Inhibitors: Potential Biomarkers
and Disease Drivers in Ocular Surface Disease. Eye Contact Lens 2020, 46 (Suppl. S2), S70-583. [CrossRef]

Willis, K.A.; Postnikoff, C.K.; Freeman, A.; Rezonzew, G.; Nichols, K.; Gaggar, A.; Lal, C.V. The Closed Eye Harbours a Unique
Microbiome in Dry Eye Disease. Sci. Rep. 2020, 10, 12035. [CrossRef]

Lee, S.H.; Oh, D.H,; Jung, ].Y; Kim, ].C.; Jeon, C.O. Comparative Ocular Microbial Communities in Humans with and without
Blepharitis. Investig. Ophthalmol. Vis. Sci. 2012, 53, 5585-5593. [CrossRef] [PubMed]

Jiang, X.; Deng, A.; Yang, ].; Bai, H.; Yang, Z.; Wu, J.; Lv, H.; Li, X.; Wen, T. Pathogens in the Meibomian Gland and Conjunctival
Sac: Microbiome of Normal Subjects and Patients with Meibomian Gland Dysfunction. Infect. Drug Resist. 2018, 11, 1729-1740.
[CrossRef] [PubMed]

Graham, J.E.; Moore, ].E.; Jiru, X.; Moore, ].E.; Goodall, E.A.; Dooley, ].5.G.; Hayes, V.E.A,; Dartt, D.A.; Downes, C.S.; Moore, T.C.B.
Ocular Pathogen or Commensal: A PCR-Based Study of Surface Bacterial Flora in Normal and Dry Eyes. Investig. Ophthalmol. Vis.
Sci. 2007, 48, 5616-5623. [CrossRef] [PubMed]

Bandeira, E,; Yusoff, N.Z.; Yam, G.H.-F.; Mehta, J.S. Corneal Re-Innervation Following Refractive Surgery Treatments. Neural.
Regen. Res. 2019, 14, 557-565. [CrossRef]

Pérez-Santonja, J.J.; Sakla, H.F.; Cardona, C.; Chipont, E.; Ali6, ].L. Corneal Sensitivity after Photorefractive Keratectomy and
Laser in Situ Keratomileusis for Low Myopia. Am. |. Ophthalmol. 1999, 127, 497-504. [CrossRef]

Lee, HK; Lee, K.S.; Kim, H.C.; Lee, S.H.; Kim, E.K. Nerve Growth Factor Concentration and Implications in Photorefractive
Keratectomy vs Laser in Situ Keratomileusis. Am. J. Ophthalmol. 2005, 139, 965-971. [CrossRef] [PubMed]

Nejima, R.; Miyata, K.; Tanabe, T.; Okamoto, F.; Hiraoka, T.; Kiuchi, T.; Oshika, T. Corneal Barrier Function, Tear Film Stability,
and Corneal Sensation after Photorefractive Keratectomy and Laser in Situ Keratomileusis. Am. . Ophthalmol. 2005, 139, 64-71.
[CrossRef] [PubMed]

Darwish, T.; Brahma, A.; O’'Donnell, C.; Efron, N. Subbasal Nerve Fiber Regeneration after LASIK and LASEK Assessed by
Noncontact Esthesiometry and in Vivo Confocal Microscopy: Prospective Study. J. Cataract Refract Surg. 2007, 33, 1515-1521.
[CrossRef] [PubMed]

Latvala, T.; Linna, T.; Tervo, T. Corneal Nerve Recovery after Photorefractive Keratectomy and Laser in Situ Keratomileusis. Int.
Ophthalmol. Clin. 1996, 36, 21-27. [CrossRef]

Feng, Y,; Yu, ]J.; Wang, D.; Li, ].; Huang, J.; Shi, J.; Ye, T.; Wang, Q.; Zhao, Y. The Effect of Hinge Location on Corneal Sensation
and Dry Eye after LASIK: A Systematic Review and Meta-Analysis. Graefes. Arch. Clin. Exp. Ophthalmol. 2013, 251, 357-366.
[CrossRef]

Linna, T.U.; Vesaluoma, M.H.; Pérez-Santonja, J.J.; Petroll, W.M.; Ali6, J.L.; Tervo, T.M. Effect of Myopic LASIK on Corneal
Sensitivity and Morphology of Subbasal Nerves. Investig. Ophthalmol. Vis. Sci. 2000, 41, 393-397.

Nettune, G.R.; Pflugfelder, S.C. Post-LASIK Tear Dysfunction and Dysesthesia. Ocul. Surf. 2010, 8, 135-145. [CrossRef]

Calvillo, M.P.; McLaren, ] W.; Hodge, D.O.; Bourne, WM. Corneal Reinnervation after LASIK: Prospective 3-Year Longitudinal
Study. Investig. Ophthalmol. Vis. Sci. 2004, 45, 3991-3996. [CrossRef]

Patel, D.V.; McGhee, C.N.J. In Vivo Confocal Microscopy of Human Corneal Nerves in Health, in Ocular and Systemic Disease,
and Following Corneal Surgery: A Review. Br. J. Ophthalmol. 2009, 93, 853-860. [CrossRef]

Chao, C.; Stapleton, F.; Zhou, X.; Chen, S.; Zhou, S.; Golebiowski, B. Structural and Functional Changes in Corneal Innervation
after Laser in Situ Keratomileusis and Their Relationship with Dry Eye. Graefes. Arch. Clin. Exp. Ophthalmol. 2015, 253, 2029-2039.
[CrossRef]

Erie, ].C.; McLaren, ].W.; Hodge, D.O.; Bourne, W.M. Recovery of Corneal Subbasal Nerve Density after PRK and LASIK. Am. J.
Ophthalmol. 2005, 140, 1059-1064. [CrossRef]

Sekundo, W.; Kunert, K.S.; Blum, M. Small Incision Corneal Refractive Surgery Using the Small Incision Lenticule Extraction
(SMILE) Procedure for the Correction of Myopia and Myopic Astigmatism: Results of a 6 Month Prospective Study. Br. J.
Ophthalmol. 2011, 95, 335-339. [CrossRef]

Toto, L.; Calienno, R.; Curcio, C.; Mattei, P.A.; Mastropasqua, A.; Lanzini, M.; Mastropasqua, L. Induced Inflammation and
Apoptosis in Femtosecond Laser-Assisted Capsulotomies and Manual Capsulorhexes: An Immunohistochemical Study. J. Refract.
Surg. 2015, 31, 290-294. [CrossRef] [PubMed]

Yu, C.; Li, Y.; Wang, Z,; Jiang, Y.; Jin, Y. Comparison of corneal nerve regeneration and dry eye condition after conventional LASIK
and femtosecond-assisted LASIK. Zhonghua Yan Ke Za Zhi 2015, 51, 188-192. [PubMed]

Xia, L.-K.; Yu, J.; Chai, G.-R.; Wang, D.; Li, Y. Comparison of the Femtosecond Laser and Mechanical Microkeratome for Flap
Cutting in LASIK. Int. |. Ophthalmol. 2015, 8, 784-790. [CrossRef] [PubMed]

Sun, C.-C.; Chang, C.-K.; Ma, D.H.-K;; Lin, Y.-F,; Chen, K.-J.; Sun, M.-H.; Hsiao, C.-H.; Wu, P-H. Dry Eye after LASIK with a
Femtosecond Laser or a Mechanical Microkeratome. Optom. Vis. Sci. 2013, 90, 1048-1056. [CrossRef] [PubMed]

Chua, J.; Vania, M.; Cheung, CM.G.; Ang, M.; Chee, S.P,; Yang, H.; Li, J.; Wong, T.T. Expression Profile of Inflammatory Cytokines
in Aqueous from Glaucomatous Eyes. Mol. Vis. 2012, 18, 431-438.


http://doi.org/10.1016/j.exer.2005.08.019
http://doi.org/10.1097/ICL.0000000000000641
http://doi.org/10.1038/s41598-020-68952-w
http://doi.org/10.1167/iovs.12-9922
http://www.ncbi.nlm.nih.gov/pubmed/22836761
http://doi.org/10.2147/IDR.S162135
http://www.ncbi.nlm.nih.gov/pubmed/30349330
http://doi.org/10.1167/iovs.07-0588
http://www.ncbi.nlm.nih.gov/pubmed/18055811
http://doi.org/10.4103/1673-5374.247421
http://doi.org/10.1016/S0002-9394(98)00444-9
http://doi.org/10.1016/j.ajo.2004.12.051
http://www.ncbi.nlm.nih.gov/pubmed/15953424
http://doi.org/10.1016/j.ajo.2004.08.039
http://www.ncbi.nlm.nih.gov/pubmed/15652829
http://doi.org/10.1016/j.jcrs.2007.05.023
http://www.ncbi.nlm.nih.gov/pubmed/17720064
http://doi.org/10.1097/00004397-199603640-00005
http://doi.org/10.1007/s00417-012-2078-5
http://doi.org/10.1016/S1542-0124(12)70224-0
http://doi.org/10.1167/iovs.04-0561
http://doi.org/10.1136/bjo.2008.150615
http://doi.org/10.1007/s00417-015-3120-1
http://doi.org/10.1016/j.ajo.2005.07.027
http://doi.org/10.1136/bjo.2009.174284
http://doi.org/10.3928/1081597X-20150423-01
http://www.ncbi.nlm.nih.gov/pubmed/25974966
http://www.ncbi.nlm.nih.gov/pubmed/26268641
http://doi.org/10.3980/j.issn.2222-3959.2015.04.25
http://www.ncbi.nlm.nih.gov/pubmed/26309880
http://doi.org/10.1097/OPX.0b013e31829d9905
http://www.ncbi.nlm.nih.gov/pubmed/23912969

Diagnostics 2023, 13, 837 17 of 18

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Karakus, S.; Mathews, PM.; Agrawal, D.; Henrich, C.; Ramulu, PY.; Akpek, E.K. Impact of Dry Eye on Prolonged Reading. Optom.
Vis. Sci. 2018, 95, 1105-1113. [CrossRef]

Doughty, M.].; Glavin, S. Efficacy of Different Dry Eye Treatments with Artificial Tears or Ocular Lubricants: A Systematic Review.
Ophthalmic Physiol. Opt. 2009, 29, 573-583. [CrossRef]

Lee, H.; Kim, M.; Park, S.Y,; Kim, EK,; Seo, K.Y.; Kim, T. Mechanical Meibomian Gland Squeezing Combined with Eyelid Scrubs
and Warm Compresses for the Treatment of Meibomian Gland Dysfunction. Clin. Exp. Optom. 2017, 100, 598-602. [CrossRef]
Li, Z.; Wang, H.; Liang, M; Li, Z.; Li, Y.; Zhou, X.; Kuang, G. Hypochlorous Acid Can Be the Novel Option for the Meibomian
Gland Dysfunction Dry Eye through Ultrasonic Atomization. Dis. Mrk. 2022, 2022, 1-12. [CrossRef] [PubMed]

Yeu, E.; Wirta, D.L.; Karpecki, P; Baba, S.N.; Holdbrook, M.; Saturn I Study Group. Lotilaner Ophthalmic Solution, 0.25%, for
the Treatment of Demodex Blepharitis: Results of a Prospective, Randomized, Vehicle-Controlled, Double-Masked, Pivotal Trial
(Saturn-1). Cornea 2022, 1, 10-97. [CrossRef] [PubMed]

Hura, A.S.; Epitropoulos, A.T.; Czyz, C.N.; Rosenberg, E.D. Visible Meibomian Gland Structure Increases After Vectored Thermal
Pulsation Treatment in Dry Eye Disease Patients with Meibomian Gland Dysfunction. Clin. Ophthalmol. 2020, 14, 4287-4296.
[CrossRef] [PubMed]

Lane, S.S.; DuBiner, H.B.; Epstein, R.J.; Ernest, PH.; Greiner, ].V.; Hardten, D.R.; Holland, E.J.; Lemp, M.A.; McDonald, J.E.;
Silbert, D.I; et al. A New System, the LipiFlow, for the Treatment of Meibomian Gland Dysfunction. Cornea 2012, 31, 396-404.
[CrossRef] [PubMed]

Badawi, D. TearCare®System Extension Study: Evaluation of the Safety, Effectiveness, and Durability through 12 Months of a
Second TearCare®Treatment on Subjects with Dry Eye Disease. Clin. Ophthalmol. 2019, 13, 189-198. [CrossRef] [PubMed]

Vora, G.K.; Gupta, PK. Intense Pulsed Light Therapy for the Treatment of Evaporative Dry Eye Disease. Curr. Opin. Ophthalmol.
2015, 26, 314-318. [CrossRef] [PubMed]

Hovanesian, J.A.; Nichols, K.K.; Jackson, M.; Katz, ].; Chan, A.; Glassberg, M.B.; Sloesen, B.; Korves, C.; Nguyen, C.; Syntosi, A.
Real-World Experience with Lifitegrast Ophthalmic Solution (Xiidra®) in the US and Canada: Retrospective Study of Patient
Characteristics, Treatment Patterns, and Clinical Effectiveness in 600 Patients with Dry Eye Disease. Clin. Ophthalmol. 2021,
15,1041-1054. [CrossRef]

Kunert, K.S.; Tisdale, A.S.; Stern, M.E.; Smith, J.A.; Gipson, L. K. Analysis of Topical Cyclosporine Treatment of Patients with Dry
Eye Syndrome: Effect on Conjunctival Lymphocytes. Arch. Ophthalmol. 2000, 118, 1489-1496. [CrossRef]

Stern, M.E.; Beuerman, R.W.; Fox, R.I; Gao, J.; Mircheff, A K.; Pflugfelder, S.C. The Pathology of Dry Eye: The Interaction between
the Ocular Surface and Lacrimal Glands. Cornea 1998, 17, 584-589. [CrossRef]

Cutolo, C.A.; Barabino, S.; Bonzano, C.; Traverso, C.E. The Use of Topical Corticosteroids for Treatment of Dry Eye Syndrome.
Ocul. Immunol. Inflamm. 2019, 27, 266-275. [CrossRef]

Yagci, A.; Gurdal, C. The Role and Treatment of Inflammation in Dry Eye Disease. Int. Ophthalmol. 2014, 34, 1291-1301. [CrossRef]
[PubMed]

Pan, Q.; Angelina, A.; Marrone, M.; Stark, W.]J.; Akpek, E.K. Autologous Serum Eye Drops for Dry Eye. Cochrane Database Syst.
Rev. 2017, 2, CD009327. [CrossRef] [PubMed]

Murri, M.S.; Moshirfar, M.; Birdsong, O.C.; Ronquillo, Y.C.; Ding, Y.; Hoopes, P.C. Amniotic Membrane Extract and Eye Drops: A
Review of Literature and Clinical Application. Clin. Ophthalmol. 2018, 12, 1105-1112. [CrossRef] [PubMed]

Rennie, K.; Gruslin, A.; Hengstschldger, M.; Pei, D.; Cai, J.; Nikaido, T.; Bani-Yaghoub, M. Applications of Amniotic Membrane
and Fluid in Stem Cell Biology and Regenerative Medicine. Stem Cells Int. 2012, 2012, 721538. [CrossRef]

Bowen, C.M,; Ditmars, ES.; Gupta, A.; Reems, ]J.-A.; Fagg, W.S. Cell-Free Amniotic Fluid and Regenerative Medicine: Current
Applications and Future Opportunities. Biomedicines 2022, 10, 2960. [CrossRef]

Yoo, S.-E.; Lee, D.-C.; Chang, M.-H. The Effect of Low-Dose Doxycycline Therapy in Chronic Meibomian Gland Dysfunction.
Korean J. Ophthalmol. 2005, 19, 258-263. [CrossRef]

Sheppard, ]J.D.; Singh, R.; McClellan, A.]J.; Weikert, M.P.; Scoper, S.V.; Joly, T.J.; Whitley, W.O.; Kakkar, E.; Pflugfelder, S.C.
Long-Term Supplementation With n-6 and n-3 PUFAs Improves Moderate-to-Severe Keratoconjunctivitis Sicca: A Randomized
Double-Blind Clinical Trial. Cornea 2013, 32, 1297-1304. [CrossRef]

Wirta, D.; Vollmer, P.; Paauw, J.; Chiu, K.-H.; Henry, E.; Striffler, K.; Nau, J.; ONSET-2 Study Group. Efficacy and Safety of
OC-01 (Varenicline Solution) Nasal Spray on Signs and Symptoms of Dry Eye Disease: The ONSET-2 Phase 3 Randomized Trial.
Ophthalmology 2022, 129, 379-387. [CrossRef]

Messmer, E.M. Pathophysiology of Dry Eye Disease and Novel Therapeutic Targets. Exp. Eye Res. 2022, 217, 108944. [CrossRef]
Koob, T.].; Lim, ].].; Zabek, N.; Massee, M. Cytokines in Single Layer Amnion Allografts Compared to Multilayer Amnion/Chorion
Allografts for Wound Healing. ]. Biomed. Mater. Res. B Appl. Biomater. 2015, 103, 1133-1140. [CrossRef]

Baradaran-Rafii, A.; Asl, N.S.; Ebrahimi, M.; Jabbehdari, S.; Bamdad, S.; Roshandel, D.; Eslani, M.; Momeni, M. The Role of
Amniotic Membrane Extract Eye Drop (AMEED) in in Vivo Cultivation of Limbal Stem Cells. Ocul. Surf. 2018, 16, 146-153.
[CrossRef] [PubMed]

John, T,; Tighe, S.; Sheha, H.; Hamrah, P; Salem, Z.M.; Cheng, A.M.S.; Wang, M.X_; Rock, N.D. Corneal Nerve Regeneration after
Self-Retained Cryopreserved Amniotic Membrane in Dry Eye Disease. J. Ophthalmol. 2017, 2017, 6404918. [CrossRef] [PubMed]
Kasper, J.C.; Winter, G.; Friess, W. Recent Advances and Further Challenges in Lyophilization. Eur. J. Pharm. Biopharm. 2013,
85,162-169. [CrossRef] [PubMed]


http://doi.org/10.1097/OPX.0000000000001303
http://doi.org/10.1111/j.1475-1313.2009.00683.x
http://doi.org/10.1111/cxo.12532
http://doi.org/10.1155/2022/8631038
http://www.ncbi.nlm.nih.gov/pubmed/35035613
http://doi.org/10.1097/ICO.0000000000003097
http://www.ncbi.nlm.nih.gov/pubmed/35965392
http://doi.org/10.2147/OPTH.S282081
http://www.ncbi.nlm.nih.gov/pubmed/33324034
http://doi.org/10.1097/ICO.0b013e318239aaea
http://www.ncbi.nlm.nih.gov/pubmed/22222996
http://doi.org/10.2147/OPTH.S191588
http://www.ncbi.nlm.nih.gov/pubmed/30774298
http://doi.org/10.1097/ICU.0000000000000166
http://www.ncbi.nlm.nih.gov/pubmed/26058031
http://doi.org/10.2147/OPTH.S296510
http://doi.org/10.1001/archopht.118.11.1489
http://doi.org/10.1097/00003226-199811000-00002
http://doi.org/10.1080/09273948.2017.1341988
http://doi.org/10.1007/s10792-014-9969-x
http://www.ncbi.nlm.nih.gov/pubmed/25416345
http://doi.org/10.1002/14651858.CD009327.pub3
http://www.ncbi.nlm.nih.gov/pubmed/28245347
http://doi.org/10.2147/OPTH.S165553
http://www.ncbi.nlm.nih.gov/pubmed/29950805
http://doi.org/10.1155/2012/721538
http://doi.org/10.3390/biomedicines10112960
http://doi.org/10.3341/kjo.2005.19.4.258
http://doi.org/10.1097/ICO.0b013e318299549c
http://doi.org/10.1016/j.ophtha.2021.11.004
http://doi.org/10.1016/j.exer.2022.108944
http://doi.org/10.1002/jbm.b.33265
http://doi.org/10.1016/j.jtos.2017.11.001
http://www.ncbi.nlm.nih.gov/pubmed/29104070
http://doi.org/10.1155/2017/6404918
http://www.ncbi.nlm.nih.gov/pubmed/28894606
http://doi.org/10.1016/j.ejpb.2013.05.019
http://www.ncbi.nlm.nih.gov/pubmed/23751601

Diagnostics 2023, 13, 837 18 of 18

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

Lopez-Garcia, J.S.; Garcia-Lozano, I.; Rivas, L.; Viso-Garrote, M.; Raposo, R.; Méndez, M.T. Lyophilized Autologous Serum
Eyedrops: Experimental and Comparative Study. Am. J. Ophthalmol. 2020, 213, 260-266. [CrossRef] [PubMed]

Sabater-Cruz, N.; Martinez-Conesa, E.; Vilarrodona, A.; Casaroli-Marano, R.P. Lyophilized Amniotic Membrane Graft for Primary
Pterygium Surgery: Preliminary Results. Cell Tissue Bank 2022, 23, 401-406. [CrossRef] [PubMed]

Swan, J. Use of Cryopreserved, Particulate Human Amniotic Membrane and Umbilical Cord (AM/UC) Tissue: A Case Series
Study for Application in the Healing of Chronic Wounds. Surg. Technol. Int. 2014, 25, 73-78.

Shimada, H.; Nakashizuka, H. Cataract Surgery by Intraoperative Surface Irrigation with 0.25% Povidone-lodine. J. Clin. Med.
2021, 10, 3611. [CrossRef]

Herrinton, L.J.; Shorstein, N.H.; Paschal, J.F; Liu, L.; Contreras, R.; Winthrop, K.L.; Chang, W.J.; Melles, R.B.; Fong, D.S.
Comparative Effectiveness of Antibiotic Prophylaxis in Cataract Surgery. Ophthalmology 2016, 123, 287-294. [CrossRef]

Latz, C.; Asshauer, T.; Rathjen, C.; Mirshahi, A. Femtosecond-Laser Assisted Surgery of the Eye: Overview and Impact of the
Low-Energy Concept. Micromachines 2021, 12, 122. [CrossRef]

Mian, S.I; Li, A.Y,; Dutta, S.; Musch, D.C.; Shtein, R.M. Dry Eyes and Corneal Sensation after Laser in Situ Keratomileusis with
Femtosecond Laser Flap Creation Effect of Hinge Position, Hinge Angle, and Flap Thickness. . Cataract Refract Surg. 2009,
35,2092-2098. [CrossRef]

Tai, Y.-C.; Sun, C.-C. Effects of Flap Diameter on Dry Eye Parameters and Corneal Sensation after Femtosecond Laser-Assisted
LASIK. Taiwan J. Ophthalmol. 2019, 9, 166-172. [CrossRef] [PubMed]

Ibach, M.].; Shafer, B.M.; Wallin, D.D.; Puls-Boever, K.R.; Thompson, V.M.; Berdahl, J.P. The Effectiveness and Safety of Dextenza
0.4 Mg for the Treatment of Postoperative Inflammation and Pain in Patients After Photorefractive Keratectomy: The RESTORE
Trial. J. Refract. Surg. 2021, 37, 590-594. [CrossRef] [PubMed]

Lindholm, J.-M.; Taipale, C.; Ylinen, P.; Tuuminen, R. Perioperative Subconjunctival Triamcinolone Acetonide Injection for
Prevention of Inflammation and Macular Oedema after Cataract Surgery. Acta Ophthalmol. 2020, 98, 36-42. [CrossRef] [PubMed]
Ramamoorthy, P; Nichols, J.J. Compliance Factors Associated With Contact Lens-Related Dry Eye. Eye Contact Lens Sci. Clin.
Pract. 2014, 40, 17-22. [CrossRef]

Sullivan, D.A,; Liu, Y. System and Method for Treating Meibomian Gland Dysfunction. WO2019169172A1, 6 September 2019.
Available online: https:/ /patents.google.com/patent/W0O2019169172A1/en (accessed on 20 November 2022).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1016/j.ajo.2020.01.027
http://www.ncbi.nlm.nih.gov/pubmed/32006480
http://doi.org/10.1007/s10561-021-09955-3
http://www.ncbi.nlm.nih.gov/pubmed/34628551
http://doi.org/10.3390/jcm10163611
http://doi.org/10.1016/j.ophtha.2015.08.039
http://doi.org/10.3390/mi12020122
http://doi.org/10.1016/j.jcrs.2009.07.009
http://doi.org/10.4103/tjo.tjo_59_19
http://www.ncbi.nlm.nih.gov/pubmed/31572653
http://doi.org/10.3928/1081597X-20210610-05
http://www.ncbi.nlm.nih.gov/pubmed/34506241
http://doi.org/10.1111/aos.14175
http://www.ncbi.nlm.nih.gov/pubmed/31210019
http://doi.org/10.1097/ICL.0000000000000009
https://patents.google.com/patent/WO2019169172A1/en
https://www.researchgate.net/publication/368741489

	Introduction 
	The Importance of Preoperative Optimization 
	Key Elements to Preoperative Evaluation 
	Molecular Changes in Ocular Surface Abnormality and during Refractive Surgery 
	Methods for Preop Ocular Surface Optimization 
	Intraoperative Management 
	Postoperative Management of STODS 
	Conclusions 
	References

