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Background: Ocular surface disease is a multifactorial condition that is very 
commonly caused by dry eye disease (DED). Ophthalmic procedures intended 
to improve visual outcomes, laser-assisted in situ keratomileusis (LASIK) and 
cataract surgery, can paradoxically cause or exacerbate underlying ocular 
surface disease. This results in worsening vision and quality of life.
Areas covered: This review examines the pathophysiological mechanisms 
contributing to ocular surface disease development following LASIK and cataract 
surgery. Both procedures are associated with the transection of corneal nerves, 
leading to decreased tear production, surface instability, altered neurotrophin 
production, and impairment of the blink reflex. Furthermore, these incisional 
procedures stress ocular tissues, while the use of preservatives in topical 
medications administered during or after these procedures may exacerbate dry 
eye symptoms. Management strategies for postoperative dry eye disease include, 
but are not limited to, the use of artificial tears, anti-inflammatory agents such 
as cyclosporine A or lifitegrast, nerve growth factor therapies, and procedural 
interventions including punctal plugs, thermal pulsation, lid exfoliation, and 
intense pulsed light therapy. Additionally, artificial intelligence has emerged 
as a promising tool to enhance the selection of optimal candidates, thereby 
minimizing risk and optimizing postoperative outcomes and improving patient 
satisfaction.
Discussion: LASIK and cataract surgery are highly effective vision correction 
procedures that have constantly evolved to improve visual outcomes and 
mitigate side effects. However, ocular surface diseases remain a common 
complication affecting the outcome and quality of life of post-operative 
patients. The integration of personalized treatment and AI-based screening 
protocols can help improve patient outcomes.
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1 Introduction

Ocular surface disease is a multifactorial condition characterized by symptomatic 
discomfort, visual disturbances, and tear film instability, often driven by environment, 
inflammation, meibomian gland dysfunction, and chronic exposure to topical preservatives 
(1). The most prevalent cause of ocular surface disease globally is dry eye disease (DED), as it 
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affects an estimated 5 million individuals aged 50 years and older in 
the United States alone (2, 3). Notably, it has a disproportionately 
higher prevalence of women, particularly those with menopausal 
hormonal changes (2). Schaumberg et al. (2) reported that up to 7% 
of all U. S. women experience DED symptoms that are clinically 
relevant; the prevalence of this increases with age and systemic 
comorbidities. Beyond its commonality, DED poses a burden to 
functional vision and quality of life, impacting everyday activities like 
reading, driving, computer use, and any visual tasks (3). Some of the 
symptoms these patients face are chronic discomfort, fluctuating 
vision, and photophobia, contributing to a significant impact on 
patients every day life and psychosocial status (3). Therefore, we must 
examine what is causing this and how to address it.

The pathophysiology of DED is multifactorial and is characterized 
by a combination of disruption in tear film homeostasis, tear film 
instability, hyperosmolarity, ocular surface inflammation, and tissue 
damage (3–7). The two most common subtypes of DED include 
aqueous-deficient DED, accounting for approximately 10–25% of 
cases, and evaporative DED, which comprises over 85% of cases (4–6, 
8). The most common cause of evaporative DED is meibomian gland 
dysfunction (MGD), which results in a decrease in lipid secretion 
from these glands, promoting the tear film instability (5, 8). Without 
a proper lipid coating on the eye, the aqueous component evaporates 
more quickly, creating a constant cycle of dry eye. Other factors that 
contribute to DED include aging, environmental exposures, systemic 
autoimmune diseases, contact lens wear, digital device use, 
pharmacological agents, hormonal influence, and neuropathic ocular 
pain (6, 7). Immune dysregulation involves T-cell activation, cytokine 
release, and chronic epithelial stress that results in the initiation and 
perpetuation of this disease process (4). In recent years, increasing 
emphasis has been placed on the need for standardized diagnostic 
criteria and personalized treatment strategies, owing to the 
heterogeneous presentation of DED and its substantial impact on 
patient quality of life. Notably, DED may arise as a complication of two 
common ophthalmic procedures, laser-assisted in situ keratomileusis 
(LASIK) and cataract surgery.

LASIK is an elective refractive procedure aimed at correcting 
visual impairments such as myopia, hyperopia, and astigmatism. 
Although 38 to 75% of patients undergoing LASIK present with 
pre-existing dry eye symptoms, postoperative DED has been reported 
in up to 95% of cases (9–13). The pathogenesis of LASIK-associated 
DED is primarily attributed to the creation of a corneal flap, which 
transects corneal nerves, resulting in decreased corneal sensation, 
altered neurotrophin production, and impaired lacrimal reflexes. This 
neural disruption contributes to reduced tear production and 
exacerbation of ocular surface disease (14). Management strategies for 
post-LASIK DED range from first-line therapies such as artificial tears 
to more advanced interventions, including topical immunomodulatory 
agents such as cyclosporine A 0.05% or lifitegrast 5% (14, 15).

Similarly, cataract surgery, a highly effective and increasingly 
common procedure due to the aging global population, has been 
associated with the onset or exacerbation of DED (16, 17). While 
procedural advancements have primarily focused on mitigating sight-
threatening complications, less attention has been paid to 
postoperative ocular surface disorders, which can significantly impair 
patient-reported outcomes and quality of life (16). Post-cataract 
surgery DED occurs in 10 to 33% of patients (17–19). Some 
contributing factors include prolonged use of postoperative antibiotic 

and corticosteroid eye drops, incision-related ocular surface 
irregularities leading to reduced tear film stability, diminished corneal 
sensitivity resulting in decreased tear secretion, and procedure-
induced inflammation impairing tear production and stability (20). 
Management of DED in this context aligns with that for post-LASIK 
cases, encompassing both conservative modalities and more advanced 
therapeutic options, including topical anti-inflammatory agents and 
procedural interventions (17).

Logically, the same principles guiding detection and treatment of 
OSD and DED in LASIK patients most certainly apply to other corneal 
procedures, including PRK (photorefractive keratectomy), PTK 
(phototherapeutic keratectomy), LASEK (laser epithelial 
keratomileusis), SMILE (small incision lenticule extraction), lamellar 
keratectomy and the wide range of corneal transplantation procedures 
now commonly performed. Additionally, a broad range of lens-based 
procedures endure similar ocular surface stresses compared to 
standard cataract surgery. These include IOL (intraocular lens) 
exchange, refractive lens exchange (RLE), IOL repositioning, sutured 
IOL surgery, and ICL (intraocular collamer lens) implantation.

Herein, this paper will examine the most performed surgery 
worldwide, cataract surgery, and the most common vision correction 
surgery, LASIK, to examine how these common everyday surgeries 
impact patients’ ocular surface (10, 16). Despite the significant visual 
improvements these surgeries can have, one must acknowledge the 
side effects that impact the visual outcome. The potential for DED to 
develop or worsen postoperatively represents a significant paradox. 
Accordingly, this review aims to elucidate the mechanisms underlying 
the development of DED following LASIK and cataract surgery and 
explore evidence-based management and prevention approaches.

2 Ocular surface disease following 
ocular surgery

2.1 Pathophysiology of LASIK-induced 
complications

Among ophthalmic procedures, laser-assisted in situ 
keratomileusis (LASIK) surgery is strongly associated with the 
development of DED (21). Wilson et al. (22) were the first to describe 
the mechanism of LASIK-induced neurotrophic epitheliopathy, 
observing that patients developed corneal epithelial erosions and 
denervation of corneal nerves, impairing tear production, tear 
secretion, and the blink reflex. The procedure involves three main 
steps: corneal flap creation using either a microkeratome or a 
femtosecond laser, followed by excimer laser stromal ablation to 
correct the visual acuity, and repositioning of the flap; each of these 
steps affects corneal homeostasis.

The primary pathophysiological mechanism underlying LASIK-
induced dry eye disease (DED) is the reduction in corneal sensitivity 
resulting from the creation of the corneal flap. Corneal nerve plexus 
enters the cornea from the periphery in a radial fashion, forming the 
subepithelial and sub-basal nerve plexuses located beneath Bowman’s 
membrane. Most notably, the long ciliary nerves enter the cornea at 
the 3 and 9 o’clock positions, impairing corneal sensitivity, the blink 
reflex, and feedback to the lacrimal functional unit (21–24). The 
LASIK procedure transects this tissue layer circumferentially, sparing 
only the hinge (24). Deciding upon hinge placement is important as 
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superior hinges typically sever more corneal nerves than nasal hinges; 
therefore, superior hinge placement correlates with greater reduction 
of corneal sensation and higher post-operative rates of DED (25, 26).

The neurotrophic state, termed LASIK-induced neurotrophic 
epitheliopathy, compromises epithelial barrier function, increasing the 
susceptibility to tear film instability, resulting in delayed healing (22, 
27). This instability is perpetuated by decreased blink rate from 
non-functioning neuro-feedback loops, post-operative inflammation, 
and surgical manipulation, which further impairs meibomian gland 
function, reducing lipid secretion and destabilizing the tear film, 
which in turn increases tear evaporation (21, 27–29). In cases where 
symptoms of dry eye persist chronically, incomplete or aberrant 
reinnervation of the corneal nerves is believed to be a significant 
contributing factor.

LASIK-associated dry eye typically resolves within 6 months 
postoperatively, coinciding with the reinnervation of the LASIK flap 
(22). However, in a minority of patients, chronic dry eye may persist 
for longer than one year. Several patient- and procedure-related risk 
factors have been associated with an increased likelihood of 
developing persistent DED following LASIK. These include 
pre-existing dry eye disease, female sex, Asian ethnicity, higher 
degrees of refractive correction, greater ablation depth, thicker corneal 
flaps, and flap configurations (13, 25, 26, 30–32). Yahalomi et al. (33) 
showed that PRK and LASEK dry eye symptoms were less severe 
6 months post-operatively than LASIK. Higher dry eye risk was 
associated with female sex and higher corrections, but not patient age 
(33). Fortunately, this outcome is relatively rare, with an incidence of 
approximately 0.8% (23).

Despite ongoing efforts within the ophthalmic community to 
standardize the diagnosis of DED, considerable variability remains in 
clinical practice. Common objective diagnostic modalities include tear 
break-up time (TBUT), Schirmer’s test, tear film osmolarity 
assessment, and ocular surface staining techniques (34). Overall, 
LASIK alters multiple levels of ocular surface physiology, corneal 
innervation, epithelial integrity, tear film composition, and blink 
mechanics, creating a multifactorial pathway through which 
postoperative DED can arise.

2.2 Alternative to LASIK

A novel procedure for refractive correction, small incision 
lenticule extraction (SMILE), was developed to mitigate complications 
associated with traditional LASIK surgery, one of the most notable 
being the high prevalence of postoperative dry eye disease (DED). 
SMILE is a flapless technique in which a femtosecond laser creates an 
intrastromal lenticule through a small vertical incision, thereby 
minimizing disruption to the corneal nerve plexus (14). The incision 
size in SMILE is typically 3–4 mm chord length, significantly smaller 
than the 8–9 mm diameter, ~25 mm circumference flap created in 
LASIK procedures (24).

Liu et al. and Shen et al. (35, 36) demonstrated that there was no 
statistically significant difference in long-term visual acuity outcomes 
between SMILE and LASIK, suggesting that the newer procedure 
maintains comparable efficacy in vision correction. However, Shen et 
al. (36) reported that patients undergoing LASIK experienced 
significantly more dry eye symptoms, as evidenced by higher Ocular 
Surface Disease Index (OSDI) scores and decreased corneal sensitivity 

when compared to those who underwent SMILE. Similarly, Wang et 
al. (37) found that SMILE was associated with significantly better tear 
break-up time (TBUT), indicating a more stable tear film and 
potentially reduced dry eye symptoms postoperatively. Nevertheless, 
DED remains a potential complication following SMILE, as some 
degree of corneal nerve plexus disruption and inflammatory marker 
upregulation, such as increased levels of interleukin-6 (IL-6), can still 
occur (24).

2.3 Pathophysiology of cataract 
surgery-induced complications

Cataract surgery is among the most commonly performed 
surgical procedures in modern medicine, boasting a remarkable safety 
profile. However, like all surgical interventions, it is not without 
potential complications. A variety of techniques are employed in 
cataract surgery, including standard phacoemulsification, small 
incision cataract surgery (SICS), extracapsular cataract extraction 
(ECCE), and femtosecond laser-assisted cataract surgery (FLACS), 
among others (18). Postoperative DED is a well-recognized 
complication. Increased surgical duration, microscopic light exposure, 
and prolonged phacoemulsification time are associated with higher 
DED risk (17, 38). Notably, FLACS has been shown to further elevate 
the risk of DED when compared to other techniques (17, 39–42).

The major steps of the cataract surgery procedure include creation 
of a corneal incision, capsulorhexis, ultrasonic emulsification of the 
lens, aspiration of lens fragments, and intraocular lens implantation. 
Similar to laser-assisted in situ keratomileusis (LASIK), the 
pathogenesis of ocular surface disease following cataract surgery 
involves incision-related disruption of the tear film, diminished 
corneal sensitivity, disruption of the lacrimal functional unit, reduced 
reflex tear secretion, and reduced blink efficiency (17, 38, 40, 42). The 
creation of this tear film instability can also be secondary to astigmatic 
limbal relaxing incisions commonly performed during cataract 
surgery (38). However, DED post-operatively for cataract surgery also 
places a focus on exacerbated inflammation induced by surgical 
manipulation, ocular surface desiccation, and exposure to topical 
medication with preservative; these processes all lead to increased 
goblet cell loss, epithelial apoptosis, and tear film instability (43–47).

Surgical manipulation and ocular surface desiccation disrupt the 
balance of the tear film by directly affecting its three principal layers, 
lipid, aqueous, and mucin, and the ocular surface cells that maintain 
them. Mechanical trauma to the corneal and conjunctival epithelium 
during incisions, phacoemulsification, or laser ablation can damage 
superficial epithelial cells and reduce the density and function of 
conjunctival goblet cells, which secrete mucins critical for tear film 
stability (38, 43, 44). This compromise of the mucin layer leads to poor 
tear adhesion to the corneal surface by increasing the aqueous tears’ 
surface tension, resulting in accelerated tear break-up and increased 
exposure of the epithelium to environmental stress. In addition, 
exposure to air, bright surgical microscope light, and irrigation fluids 
during surgery can desiccate the ocular surface, thinning the aqueous 
layer and altering lipid layer distribution, further increasing 
evaporation and destabilizing the tear film (38, 40).

The use of preserved topical medications, both intraoperatively 
and postoperatively, can exacerbate ocular surface inflammation. 
Commonly used agents such as sodium hyaluronate 0.1%, 
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diquafosol, and nonsteroidal anti-inflammatory drugs (NSAIDs) 
have somewhat surprisingly been implicated as DED contributors. 
Proposed mechanisms include epithelial apoptosis, ocular surface 
damage, and decreased goblet cell density (17, 43–45, 48). In 
contrast, preservative-free formulations may offer protective 
effects due to superior antioxidant properties, which help reduce 
postoperative inflammation (46). Topical NSAIDs may contribute 
to DED by inhibiting prostaglandin E2 (PGE2), a molecule that 
supports mucous epithelial metaplasia and proliferation (47). 
Furthermore, inadequate irrigation during surgery can result in 
direct ocular surface desiccation trauma, thereby increasing the 
likelihood of DED (16). Additionally, the prolonged postoperative 
use of antibiotic-steroid eye drops plays a significant role in the 
disease process (20). Lastly, immunomodulatory agents such as 
interferon-gamma (IFN-γ), used perioperatively in some contexts, 
may promote goblet cell loss and elevate pro-inflammatory 
cytokines in the tear film, thereby contributing to lacrimal gland 
dysfunction and ocular surface inflammation (49).

Interestingly, femtosecond laser-assisted cataract surgery, while 
providing precise capulotomy and lens fragmentation, may increase 
the risk of postoperative DED due to occasionally longer operative 
times, greater energy delivery, and increased ocular surface exposure 
compared to convention phacoemulsification (40–42). Overall, 
cataract surgery affects multiple aspects of ocular surface physiology, 
creating a multifactorial pathway for the development of post-
operative DED. This highlights the importance of post-operative 
follow-up with patients, proper assessment for DED with or without 
symptoms present, and perioperative ocular surface optimization.

3 Treatments for ocular surface 
disease

Effective management of dry eye disease (DED) preceding and 
following LASIK is critical. Albeitz et al. (50) identified a significant 
association between chronic post-LASIK DED and refractive 
regression, underscoring the importance of early and appropriate 
intervention. Attempts to improve visual acuity through enhancement 
surgeries in patients with untreated DED may further exacerbate 
ocular surface instability and worsen visual disturbances (22).

First-line treatment typically involves the use of artificial tears and 
ocular emollients, which aim to lubricate and stabilize the tear film, 
thereby addressing symptomatic discomfort (14). Beyond 
symptomatic relief, more targeted pharmacologic therapies have been 
developed to address the underlying inflammatory and nerve 
degeneration pathways of the disease. Diquafosol, for instance, is a 
P2Y2 receptor agonist that increases intracellular calcium ion 
concentrations, thereby stimulating mucin and lipid secretion to 
enhance tear film stability (14). Additionally, diquafosol has been 
shown to promote corneal epithelial healing by accelerating cell 
migration and proliferation via activation of the epidermal growth 
factor receptor/extracellular signal-regulated kinase (EGFR/ERK) 
pathway (51).

Cyclosporine A 0.05% has demonstrated superior efficacy in 
treating post-LASIK DED compared to diquafosol and artificial tears, 
significantly improving tear break-up time (TBUT) and Ocular 
Surface Disease Index (OSDI) scores (14, 52–55). Cyclosporine exerts 
its effects through multiple mechanisms, including increasing goblet 

cell density, enhancing aqueous tear production, and promoting 
corneal nerve regeneration, thereby restoring corneal sensitivity (14, 
56). In addition, nerve growth factor (NGF) has emerged as a 
promising therapeutic agent by facilitating faster reinnervation of the 
corneal epithelium and improving sensory function (57, 58). These 
treatments allow for a more personalized approach to the treatment 
of LASIK-induced dry eye disease by focusing on treating the 
underlying mechanism of corneal denervation.

The treatment of ocular surface disease following cataract 
surgery parallels the management strategies used for post-LASIK 
dry eye, beginning with conservative therapies and progressing to 
pharmacological treatments aimed at modulating the 
inflammatory response. Cyclosporine 0.1% has demonstrated 
efficacy, even when used prophylactically, in reducing 
inflammatory markers implicated in the development of 
postoperative dry eye disease (DED) (59). Key strategies to 
mitigate the risk of DED include the use of preservative-free 
medications, minimizing the use of topical nonsteroidal anti-
inflammatory drugs (NSAIDs) and interferon-gamma, and 
ensuring appropriate irrigation techniques during surgery (16, 17, 
43–49). Hovanasian et al. (60) conducted a study that found 
patients who used Lifitegrast for 28 days before they had 
preoperative biometry conducted for cataract surgery had a 
significantly greater accuracy in preoperative biometry and 
postoperative outcomes than those who did not use Lifitegrast 
before biometry. Furthermore, Fogagnolo et al. (61) demonstrated 
that supplementation of standard hyaluronic acid-based 
lubricating eye drops with Ginkgo biloba, a known antioxidant, 
significantly improved dry eye symptoms in the postoperative 
setting. Overall, a preventative approach that emphasizes reducing 
ocular surface irritation is central to minimizing postoperative 
dry eye complications following cataract surgery.

Other adjunctive treatments for post-ocular surgery DED include 
punctal plugs to reduce tear drainage, dietary supplementation with 
omega-3 fatty acids, eyelid-warming devices to improve meibomian 
gland function, and advanced cash based procedural technologies 
such as thermal pulsation and intense pulsed light therapy (14).

4 Discussion

Pre-existing ocular surface disease (OSD), particularly dry eye 
disease (DED), presents significant challenges in the preoperative 
evaluation and postoperative outcomes of ocular surgery (62). 
Table 1 can be used as a reference to compare factors between LASIK 
and cataract surgery with respect to OSD complications. OSD can 
cause tear film instability and irregular corneal surfaces, leading to 
inaccurate keratometry and biometry measurements so crucial to 
accurate intraocular lens (IOL) power calculations (63, 64). Corneal 
staining, punctate epithelial erosions, and irregular astigmatism may 
further compromise refractive predictability and visual outcomes 
(65). Additionally, epithelial and conjunctival changes associated 
with OSD can mask subtle underlying pathology, such as early 
limbal stem cell deficiency or conjunctivochalasis, which may 
influence surgical risk and outcomes if not recognized preoperatively 
(62, 66). Surface abnormalities may also limit candidacy for elective 
procedures such as LASIK or premium IOL implantation, 
withholding intervention from deserving patients. Optimization of 
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the ocular surface prior to surgery using anti-inflammatory therapy, 
tear substitutes, and treatment of underlying meibomian gland 
dysfunction has been shown to improve measurement accuracy and 
reduce postoperative complications (62, 64). Without adequate 
preoperative management, patients are at increased risk of delayed 
epithelial healing, postoperative inflammation, and ocular 
discomfort, all of which can lead to reduced satisfaction and 
suboptimal visual results (62, 66). Given this bidirectional influence, 
proactive identification and treatment of OSD prior to ocular 
surgery is essential to optimize outcomes.

Ocular surgery is a well-recognized contributor to ocular surface 
disease (OSD), with cataract surgery and refractive procedures 
particularly implicated in both the development and worsening of 
DED (66). Surgical incisions can damage corneal nerves, disrupt the 
lacrimal functional unit and reduce reflex tear secretion, while 
intraoperative trauma—such as prolonged exposure to bright 
microscope light, mechanical irritation, and use of antiseptics or 
anesthetics—can damage the corneal and conjunctival epithelium, 

decrease goblet cell density, and destabilize the tear film (48, 67, 68). 
Postoperative inflammation, especially in the presence of preserved 
topical medications, may prolong epithelial healing and exacerbate 
surface damage (17, 69). Clinical studies have shown that new-onset 
DED occurs in up to 37.4% of patients following cataract surgery, even 
in those without prior symptoms. This DED can persist for several 
months postoperatively, with tear film instability, reduced Schirmer 
scores, and increased corneal staining commonly observed (17, 48). 
Additionally, patients with preexisting OSD are at greater risk for 
prolonged recovery and reduced satisfaction after surgery (62, 66). 
While cataract surgery is most frequently associated with 
postoperative DED, other anterior segment procedures—including 
LASIK, trabeculectomy, and vitrectomy—can similarly compromise 
the ocular surface, particularly those involving full-thickness corneal 
incisions (66). Older adults, who comprise the surgical demographic, 
are especially vulnerable due to slowly deteriorating baseline tear 
dysfunction (70). Thus, thorough preoperative assessment and 
proactive management of the ocular surface, including lubrication, 

TABLE 1  Comparison of mechanisms, risk factors, and outcomes related to dry eye disease in LASIK and cataract surgery procedures.

Category LASIK Cataract surgery

Primary mechanism of 

postoperative DED

Creation of corneal flap transects sub-basal nerve plexus → reduced 

corneal sensation and impaired lacrimal feedback loop (21, 22, 24)

Decreased blink rate and meibomian gland dysfunction contribute to 

evaporative DED (27, 28)

Corneal incisions, including limbal relaxing incisions (LRIs), 

disrupt corneal nerves and ocular surface integrity (17, 18)

Microscope light exposure, inflammation, and ocular surface 

desiccation impair tear film stability (16, 38)

Postoperative topical medications and preservatives contribute to 

goblet cell loss and inflammation (20, 43–45, 48)

Additional contributing 

factors

Ablation depth increases nerve damage (25, 26, 31, 32)

Pre-existing tear film instability

LRIs and longer surgical duration increase risk (17, 38)

Poor irrigation or prolonged phaco time increases epithelial injury 

(16)

Pre-existing tear film instability

Common postoperative 

pathophysiology

Neurotrophic epitheliopathy due to denervation (22)

Reduced tear secretion and increased osmolarity

Reduced goblet cell density and mucin production (43–48)

Tear film instability due to epithelial injury and inflammation

Incidence of postoperative 

DED

Short-term DED in up to 95% of patients (9–13)

Chronic DED beyond 1 year occurs in ~0.8% (23)

DED occurs in 10–33% of cases (17–19)

New-onset DED reported in up to 37.4% even in asymptomatic 

patients (48)

Key patient-related risk 

factors

Pre-existing DED, female sex, Asian ethnicity (13, 30)

High refractive correction

Older age (primary cataract population).

Pre-existing DED or MGD

Autoimmune disease or systemic medication use

Procedure-related risk 

factors

Thick flaps

Superior hinge position

Greater stromal ablation

Long phacoemulsification time

FLACS increases risk of postoperative DED (17, 39–42)

Preserved medications used perioperatively (43, 44, 46–48)

Clinical course Typically resolves within 6 months as nerve fibers regenerate (22) May persist for several months; severity depends on surgical factors 

and topical regimen

Typical symptoms Burning, foreign body sensation, fluctuating vision, photophobia Ocular irritation, fluctuating vision, foreign body sensation; may 

affect visual rehabilitation

Diagnostic features Reduced corneal sensitivity, lower TBUT, elevated OSDI, increased 

osmolarity

Increased corneal staining, reduced Schirmer scores, unstable tear 

film

Management strategies Artificial tears (preservative free), diquafosol, cyclosporine 0.05%, 

nerve growth factor therapy (51–58)

MGD treatment: warm compress, IPL, thermal pulsation

Preservative-free artificial tears preferred.

Cyclosporine 0.1% prophylactically reduces inflammation (59)

Avoid unnecessary NSAIDs; consider antioxidants like Ginkgo 

biloba (61)

Long-term outcomes Excellent visual outcomes when DED is treated early; untreated DED 

may contribute to refractive regression (50)

DED can delay rehabilitation and reduce patient satisfaction with 

IOL visual outcomes (62–66)
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anti-inflammatory therapy, and treatment of meibomian gland 
dysfunction, are essential to mitigate postoperative complications and 
support visual rehabilitation (48, 67, 71).

Managing complications to LASIK and cataract surgery in the 
future will most likely evolve to incorporate technological advances, 
for example, artificial intelligence (AI). AI is rapidly transforming 
ophthalmology, with notable advancements not only in the diagnosis 
and management of DED, but with the emerging applications in 
refractive and cataract surgery. AI-driven systems have demonstrated 
high accuracy in evaluating the tear film through classification of 
DED subtypes, assessing disease severity, and analyzing diagnostic 
metrics such as meibography, tear meniscus height, and corneal 
staining patterns (72–74). Although integration of AI into refractive 
surgery remains early, machine learning tools are beginning to 
streamline preoperative screening by identifying contraindications 
and have shown the potential to outperform ophthalmologists in 
predicting outcomes; this ultimately could improve patient selection, 
counseling, and postoperative results of patients (75–79). Similarly, 
AI is increasingly used in cataract care, contributing to automated 
diagnosis, IOL power calculations, and biometric assessments; 
however, its application to post-cataract ocular surface complications 
is still limited (80–84). As AI models become more developed, the 
incorporation of surgical parameters, for example, incision 
characteristics, operative duration, and exposure to toxic agents to 
the epithelium, in addition to patient-specific ocular surface metrics, 
could enable the precise prediction of postoperative DED risk. 
Overall, the continued integration of AI across refractive and 
cataract surgery pathways offers a future in which individualized 
surgical planning, enhanced screening accuracy, and proactive 
identification of high-risk patients may significantly reduce 
postoperative ocular surface morbidity and improve long-term 
visual outcomes.

In conclusion, ocular surface disease remains a prevalent and 
clinically significant complication following elective LASIK and 
cataract surgery. A comprehensive understanding of the distinct 
pathophysiologic mechanisms underlying postoperative DED is 
essential for the development of effective preventive and therapeutic 
strategies. Advances in pharmacologic treatments, procedural 
interventions, and emerging pharmacologic and artificial intelligence 
technologies hold considerable promise in improving early 
identification of at-risk patients and optimizing individualized 
postoperative management. Ongoing research efforts will be crucial 
to further mitigate the incidence and severity of ocular surface disease, 
ultimately enhancing visual outcomes and patient quality of life 
following LASIK and cataract procedures.

Author contributions

MS: Writing  – review & editing, Writing  – original draft, 
Investigation, Formal analysis, Resources. NK: Writing – review & 
editing, Formal analysis, Investigation, Resources, Writing – original 
draft. JS: Writing – review & editing, Validation, Supervision, Project 
administration, Conceptualization.

Funding

The author(s) declared that financial support was not received for 
this work and/or its publication.

Conflict of interest

JS is a consultant for Abbvie, Alcon, Aldeyra, Bausch & Lomb, 
ClarisBio, Dompe, Mallinckrodt, Mati, Rayner, Santen, Sun, Surrozen, 
and Viatris. JS has received research grants from Aurion, Epion, 
Glaukos, and Lexitas.

The remaining author(s) declared that this work was conducted 
in the absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Generative AI statement

The author(s) declared that Generative AI was not used in the 
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this 
article has been generated by Frontiers with the support of artificial 
intelligence and reasonable efforts have been made to ensure accuracy, 
including review by the authors wherever possible. If you identify any 
issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

References

	1.	Ittoop, SM, Seibold, LK, and Kahook, MY. Ocular surface disease and the role of 
preservatives in glaucoma medications*. In: TM Shaarawy, MB Sherwood, RA Hitchings 
and JG Crowston, editors. Glaucoma. Amsterdam: Elsevier (2015). 593–7.

	2.	Schaumberg, DA, Sullivan, DA, Buring, JE, and Dana, MR. Prevalence of dry eye 
syndrome among US women. Am J Ophthalmol. (2003) 136:318–26. doi: 10.1016/
S0002-9394(03)00218-6

	3.	Uchino, M, and Schaumberg, DA. Dry eye disease: impact on quality of life and 
vision. Curr Ophthalmol Rep. (2013) 1:51–7. doi: 10.1007/s40135-013-0009-1

	4.	Yu, L, Yu, C, Dong, H, Mu, Y, Zhang, R, Zhang, Q, et al. Recent developments about 
the pathogenesis of dry eye disease: based on immune inflammatory mechanisms. Front 
Pharmacol. (2021) 12:732887. doi: 10.3389/fphar.2021.732887

	5.	Baudouin, C, Messmer, EM, Aragona, P, Geerling, G, Akova, YA, Benítez-
del-Castillo, J, et al. Revisiting the vicious circle of dry eye disease: a focus on the 
pathophysiology of meibomian gland dysfunction. Br J Ophthalmol. (2016) 100:300–6. 
doi: 10.1136/bjophthalmol-2015-307415

	6.	Messmer, EM. The pathophysiology, diagnosis, and treatment of dry eye disease. 
Dtsch Arztebl Int. (2015) 112:71–81. doi: 10.3238/arztebl.2015.0071

	7.	Bron, AJ, de Paiva, CS, Chauhan, SK, Bonini, S, Gabison, EE, Jain, S, et al. TFOS 
DEWS II pathophysiology report. Ocul Surf. (2017) 15:438–510. doi: 10.1016/j.
jtos.2017.05.011

	8.	Sheppard, JD, and Nichols, KK. Dry eye disease associated with Meibomian gland 
dysfunction: focus on tear film characteristics and the therapeutic landscape. Ophthalmol 
Ther. (2023) 12:1397–418. doi: 10.1007/s40123-023-00669-1

https://doi.org/10.3389/fmed.2025.1623324
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1016/S0002-9394(03)00218-6
https://doi.org/10.1016/S0002-9394(03)00218-6
https://doi.org/10.1007/s40135-013-0009-1
https://doi.org/10.3389/fphar.2021.732887
https://doi.org/10.1136/bjophthalmol-2015-307415
https://doi.org/10.3238/arztebl.2015.0071
https://doi.org/10.1016/j.jtos.2017.05.011
https://doi.org/10.1016/j.jtos.2017.05.011
https://doi.org/10.1007/s40123-023-00669-1


Spangler et al.� 10.3389/fmed.2025.1623324

Frontiers in Medicine 07 frontiersin.org

	9.	Shtein, RM. Post-LASIK dry eye. Expert Rev Ophthalmol. (2011) 6:575–82. doi: 
10.1586/eop.11.56

	10.	Sutton, GL, and Kim, P. Laser in situ keratomileusis in 2010 – a review. Clin 
Experiment Ophthalmol. (2010) 38:192–210. doi: 10.1111/j.1442-9071.2010.02227.x

	11.	Yu, EY, Leung, A, Rao, S, and Lam, DS. Effect of laser in situ keratomileusis on tear 
stability. Ophthalmology. (2000) 107:2131–5. doi: 10.1016/s0161-6420(00)00388-2

	12.	McGhee, CN, Orr, D, Kidd, B, Stark, C, Bryce, IG, and Anastas, CN. Psychological 
aspects of excimer laser surgery for myopia: reasons for seeking treatment and patient 
satisfaction. Br J Ophthalmol. (1996) 80:874–9. doi: 10.1136/bjo.80.10.874

	13.	De Paiva, CS, Chen, Z, Koch, DD, Hamill, MB, Manuel, FK, Hassan, SS, et al. The 
incidence and risk factors for developing dry eye after myopic LASIK. Am J Ophthalmol. 
(2006) 141:438–45. doi: 10.1016/j.ajo.2005.10.006

	14.	Tamimi, A, Sheikhzadeh, F, Ezabadi, SG, Islampanah, M, Parhiz, P, Fathabadi, A, 
et al. Post-LASIK dry eye disease: a comprehensive review of management and current 
treatment options. Front Med. (2023) 10:1057685. doi: 10.3389/fmed.2023.1057685

	15.	Ambrósio, R, Tervo, T, and Wilson, SE. LASIK-associated dry eye and neurotrophic 
epitheliopathy: pathophysiology and strategies for prevention and treatment. J Refract 
Surg. (2008) 24:396–407. doi: 10.3928/1081597X-20080401-14

	16.	Naderi, K, Gormley, J, and O’Brart, D. Cataract surgery and dry eye disease: a 
review. Eur J Ophthalmol. (2020) 30:840–55. doi: 10.1177/1120672120929958

	17.	Miura, M, Inomata, T, Nakamura, M, Sung, J, Nagino, K, Midorikawa-Inomata, A, 
et al. Prevalence and characteristics of dry eye disease after cataract surgery: a systematic 
review and meta-analysis. Ophthalmol Ther. (2022) 11:1309–32. doi: 10.1007/
s40123-022-00513-y

	18.	Donthineni, PR, Deshmukh, R, Ramamurthy, C, Sangwan, VS, Mehta, JS, and 
Basu, S. Management of cataract in dry eye disease: preferred practice pattern guidelines. 
Indian J Ophthalmol. (2023) 71:1364–72. doi: 10.4103/IJO.IJO_2807_22

	19.	Sajnani, R, Raia, S, Gibbons, A, Chang, V, Karp, CL, Sarantopoulos, CD, et al. 
Epidemiology of persistent postsurgical pain manifesting as dry eye-like symptoms after 
cataract surgery. Cornea. (2018) 37:1535–41. doi: 10.1097/ICO.0000000000001741

	20.	Ishrat, S, Nema, N, and Chandravanshi, SCL. Incidence and pattern of dry eye after 
cataract surgery. Saudi J Ophthalmol. (2019) 33:34–40. doi: 10.1016/j.sjopt.2018.10.009

	21.	Toda, I. Dry eye after LASIK. Invest Ophthalmol Vis Sci. (2018) 59:DES109–15. doi: 
10.1167/iovs.17-23538

	22.	Wilson, SE. Laser in situ keratomileusis-induced (presumed) neurotrophic 
epitheliopathy. Ophthalmology. (2001) 108:1082–7. doi: 10.1016/S0161-6420(01)00587-5

	23.	Bower, KS, Sia, RK, Ryan, DS, Mines, MJ, and Dartt, DA. Chronic dry eye in 
photorefractive keratectomy and laser in situ keratomileusis: manifestations, incidence, 
and predictive factors. J Cataract Refract Surg. (2015) 41:2624–34. doi: 10.1016/j.
jcrs.2015.06.037

	24.	Wong, AHY, Cheung, RKY, Kua, WN, Shih, KC, Chan, TCY, and Wan, KH. Dry 
eyes after SMILE. Asia Pac J Ophthalmol. (2019) 8:397–405. doi: 10.1097/01.
APO.0000580136.80338.d0

	25.	Donnenfeld, ED, Ehrenhaus, M, Solomon, R, Mazurek, J, Rozell, JC, and 
Perry, HD. Effect of hinge width on corneal sensation and dry eye after laser in situ 
keratomileusis. J Cataract Refract Surg. (2004) 30:790–7. doi: 10.1016/j.jcrs.2003.09.043

	26.	Donnenfeld, ED, Solomon, K, Perry, HD, Doshi, SJ, Ehrenhaus, M, Solomon, R, 
et al. The effect of hinge position on corneal sensation and dry eye after LASIK. 
Ophthalmology. (2003) 110:1023–9; Discussion 1029. doi: 10.1016/
S0161-6420(03)00100-3

	27.	Savini, G, Barboni, P, Zanini, M, and Tseng, SCG. Ocular surface changes in laser 
in situ keratomileusis-induced neurotrophic epitheliopathy. J Refract Surg. (2004) 
20:803–9. doi: 10.3928/1081-597X-20041101-08

	28.	Di Pascuale, MA, Liu, T-S, Trattler, W, and Tseng, SCG. Lipid tear deficiency in 
persistent dry eye after laser in situ keratomileusis and treatment results of new eye-
warming device. J Cataract Refract Surg. (2005) 31:1741–9. doi: 10.1016/j.
jcrs.2005.02.041

	29.	Battat, L, Macri, A, Dursun, D, and Pflugfelder, SC. Effects of laser in situ 
keratomileusis on tear production, clearance, and the ocular surface. Ophthalmology. 
(2001) 108:1230–5. doi: 10.1016/S0161-6420(01)00623-6

	30.	Toda, I, Asano-Kato, N, Hori-Komai, Y, and Tsubota, K. Laser-assisted in situ 
keratomileusis for patients with dry eye. Arch Ophthalmol. (2002) 120:1024–8. doi: 
10.1001/archopht.120.8.1024

	31.	Albietz, JM, Lenton, LM, and McLennan, SG. Dry eye after LASIK: comparison of 
outcomes for Asian and Caucasian eyes. Clin Exp Optom. (2005) 88:89–96. doi: 10.1111/
j.1444-0938.2005.tb06673.x

	32.	Shoja, MR, and Besharati, MR. Dry eye after LASIK for myopia: incidence and risk 
factors. Eur J Ophthalmol. (2007) 17:1–6. doi: 10.1177/112067210701700101

	33.	Yahalomi, T, Achiron, A, Arnon, R, Stanescu, N, and Pikkel, J. Dry eye disease 
following LASIK, PRK, and LASEK: an observational cross-sectional study. J Clin Med. 
(2023) 12. doi: 10.3390/jcm12113761

	34.	Kirupaharan, N, Spangler, MD, and Sheppard, JD. Areas for improvement in the 
current care and treatment of dry eye disease. Expert Rev Ophthalmol. (2025) 1–11:1–11. 
doi: 10.1080/17469899.2025.2493796

	35.	Liu, M, Chen, Y, Wang, D, Zhou, Y, Zhang, X, He, J, et al. Clinical outcomes after 
SMILE and femtosecond laser-assisted LASIK for myopia and myopic astigmatism: a 
prospective randomized comparative study. Cornea. (2016) 35:210–6. doi: 10.1097/
ICO.0000000000000707

	36.	Shen, Z, Shi, K, Yu, Y, Yu, X, Lin, Y, and Yao, K. Small incision Lenticule extraction 
(SMILE) versus femtosecond laser-assisted in situ Keratomileusis (FS-LASIK) for 
myopia: a systematic review and meta-analysis. PLoS One. (2016) 11:e0158176. doi: 
10.1371/journal.pone.0158176

	37.	Wang, B, Naidu, RK, Chu, R, Dai, J, Qu, X, and Zhou, H. Dry eye disease following 
refractive surgery: a 12-month follow-up of SMILE versus FS-LASIK in high myopia. J 
Ophthalmol. (2015) 2015:132417. doi: 10.1155/2015/132417

	38.	Kohli, P, Arya, SK, Raj, A, and Handa, U. Changes in ocular surface status after 
phacoemulsification in patients with senile cataract. Int Ophthalmol. (2019) 39:1345–53. 
doi: 10.1007/s10792-018-0953-8

	39.	Mian, SI, Shtein, RM, Nelson, A, and Musch, DC. Effect of hinge position on 
corneal sensation and dry eye after laser in situ keratomileusis using a femtosecond laser. 
J Cataract Refract Surg. (2007) 33:1190–4. doi: 10.1016/j.jcrs.2007.03.031

	40.	Ju, R-H, Chen, Y, Chen, H-S, Zhou, W-J, Yang, W, Lin, Z-D, et al. Changes in 
ocular surface status and dry eye symptoms following femtosecond laser-assisted 
cataract surgery. Int J Ophthalmol. (2019) 12:1122–6. doi: 10.18240/ijo.2019.07.11

	41.	Shao, D, Zhu, X, Sun, W, Cheng, P, Chen, W, and Wang, H. Effects of femtosecond 
laser-assisted cataract surgery on dry eye. Exp Ther Med. (2018) 16:5073–8. doi: 10.3892/
etm.2018.6862

	42.	Yu, Y, Hua, H, Wu, M, Yu, Y, Yu, W, Lai, K, et al. Evaluation of dry eye after 
femtosecond laser-assisted cataract surgery. J Cataract Refract Surg. (2015) 41:2614–23. 
doi: 10.1016/j.jcrs.2015.06.036

	43.	Pisella, P-J, Debbasch, C, Hamard, P, Creuzot-Garcher, C, Rat, P, Brignole, F, et al. 
Conjunctival proinflammatory and proapoptotic effects of latanoprost and preserved 
and unpreserved timolol: an ex vivo and in vitro study. Invest Ophthalmol Vis Sci. (2004) 
45:1360–8. doi: 10.1167/iovs.03-1067

	44.	Albietz, JM, and Bruce, AS. The conjunctival epithelium in dry eye subtypes: effect 
of preserved and non-preserved topical treatments. Curr Eye Res. (2001) 22:8–18. doi: 
10.1076/ceyr.22.1.8.6977

	45.	Muzyka-Woźniak, M, Stróżecki, Ł, and Przeździecka-Dołyk, J. Assessment of the 
eye surface and subjective symptoms after using 0.1% dexamethasone drops with and 
without preservatives in patients after cataract surgery. Sci Rep. (2023) 13. doi: 10.1038/
s41598-023-44939-1

	46.	Jee, D, Park, M, Lee, HJ, Kim, MS, and Kim, EC. Comparison of treatment with 
preservative-free versus preserved sodium hyaluronate 0.1% and fluorometholone 0.1% 
eyedrops after cataract surgery in patients with preexisting dry-eye syndrome. J Cataract 
Refract Surg. (2015) 41:756–63. doi: 10.1016/j.jcrs.2014.11.034

	47.	Kato, K, Miyake, K, Kondo, N, Asano, S, Takeda, J, Takahashi, A, et al. Conjunctival 
goblet cell density following cataract surgery with diclofenac versus diclofenac and 
rebamipide: a randomized trial. Am J Ophthalmol. (2017) 181:26–36. doi: 10.1016/j.
ajo.2017.06.016

	48.	Giannaccare, G, Barabino, S, Di Zazzo, A, and Villani, E. Preventing and managing 
iatrogenic dry eye disease during the entire surgical pathway: a study focusing on 
patients undergoing cataract surgery. J Clin Med. (2024) 13. doi: 10.3390/jcm13030748

	49.	Park, Y, Hwang, HB, and Kim, HS. Observation of influence of cataract surgery on 
the ocular surface. PLoS One. (2016) 11:e0152460. doi: 10.1371/journal.pone.0152460

	50.	Albietz, JM, Lenton, LM, and McLennan, SG. Chronic dry eye and regression after 
laser in situ keratomileusis for myopia. J Cataract Refract Surg. (2004) 30:675–84. doi: 
10.1016/j.jcrs.2003.07.003

	51.	Byun, Y-S, Yoo, Y-S, Kwon, J-Y, Joo, J-S, Lim, S-A, Whang, W-J, et al. Diquafosol 
promotes corneal epithelial healing via intracellular calcium-mediated ERK activation. 
Exp Eye Res. (2016) 143:89–97. doi: 10.1016/j.exer.2015.10.013

	52.	Park, CH, Lee, HK, Kim, MK, Kim, EC, Kim, JY, Kim, T-I, et al. Comparison of 
0.05% cyclosporine and 3% diquafosol solution for dry eye patients: a randomized, 
blinded, multicenter clinical trial. BMC Ophthalmol. (2019) 19:131. doi: 10.1186/
s12886-019-1136-8

	53.	Salib, GM, McDonald, MB, and Smolek, M. Safety and efficacy of cyclosporine 
0.05% drops versus unpreserved artificial tears in dry-eye patients having laser in situ 
keratomileusis. J Cataract Refract Surg. (2006) 32:772–8. doi: 10.1016/j.jcrs.2005.10.034

	54.	Kanellopoulos, AJ. Incidence and management of symptomatic dry eye related to 
LASIK for myopia, with topical cyclosporine a. Clin Ophthalmol. (2019) 13:545–52. doi: 
10.2147/OPTH.S188521

	55.	Torricelli, AAM, Santhiago, MR, and Wilson, SE. Topical cyclosporine a treatment 
in corneal refractive surgery and patients with dry eye. J Refract Surg. (2014) 30:558–64. 
doi: 10.3928/1081597X-20140711-09

	56.	Kymionis, GD, Bouzoukis, DI, Diakonis, VF, and Siganos, C. Treatment of chronic 
dry eye: focus on cyclosporine. Clin Ophthalmol. (2008) 2:829–36. doi: 10.2147/
OPTH.S1409

	57.	Gong, Q, Zhang, S, Jiang, L, Lin, M, Xu, Z, Yu, Y, et al. The effect of nerve growth 
factor on corneal nerve regeneration and dry eye after LASIK. Exp Eye Res. (2021) 
203:108428. doi: 10.1016/j.exer.2020.108428

https://doi.org/10.3389/fmed.2025.1623324
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1586/eop.11.56
https://doi.org/10.1111/j.1442-9071.2010.02227.x
https://doi.org/10.1016/s0161-6420(00)00388-2
https://doi.org/10.1136/bjo.80.10.874
https://doi.org/10.1016/j.ajo.2005.10.006
https://doi.org/10.3389/fmed.2023.1057685
https://doi.org/10.3928/1081597X-20080401-14
https://doi.org/10.1177/1120672120929958
https://doi.org/10.1007/s40123-022-00513-y
https://doi.org/10.1007/s40123-022-00513-y
https://doi.org/10.4103/IJO.IJO_2807_22
https://doi.org/10.1097/ICO.0000000000001741
https://doi.org/10.1016/j.sjopt.2018.10.009
https://doi.org/10.1167/iovs.17-23538
https://doi.org/10.1016/S0161-6420(01)00587-5
https://doi.org/10.1016/j.jcrs.2015.06.037
https://doi.org/10.1016/j.jcrs.2015.06.037
https://doi.org/10.1097/01.APO.0000580136.80338.d0
https://doi.org/10.1097/01.APO.0000580136.80338.d0
https://doi.org/10.1016/j.jcrs.2003.09.043
https://doi.org/10.1016/S0161-6420(03)00100-3
https://doi.org/10.1016/S0161-6420(03)00100-3
https://doi.org/10.3928/1081-597X-20041101-08
https://doi.org/10.1016/j.jcrs.2005.02.041
https://doi.org/10.1016/j.jcrs.2005.02.041
https://doi.org/10.1016/S0161-6420(01)00623-6
https://doi.org/10.1001/archopht.120.8.1024
https://doi.org/10.1111/j.1444-0938.2005.tb06673.x
https://doi.org/10.1111/j.1444-0938.2005.tb06673.x
https://doi.org/10.1177/112067210701700101
https://doi.org/10.3390/jcm12113761
https://doi.org/10.1080/17469899.2025.2493796
https://doi.org/10.1097/ICO.0000000000000707
https://doi.org/10.1097/ICO.0000000000000707
https://doi.org/10.1371/journal.pone.0158176
https://doi.org/10.1155/2015/132417
https://doi.org/10.1007/s10792-018-0953-8
https://doi.org/10.1016/j.jcrs.2007.03.031
https://doi.org/10.18240/ijo.2019.07.11
https://doi.org/10.3892/etm.2018.6862
https://doi.org/10.3892/etm.2018.6862
https://doi.org/10.1016/j.jcrs.2015.06.036
https://doi.org/10.1167/iovs.03-1067
https://doi.org/10.1076/ceyr.22.1.8.6977
https://doi.org/10.1038/s41598-023-44939-1
https://doi.org/10.1038/s41598-023-44939-1
https://doi.org/10.1016/j.jcrs.2014.11.034
https://doi.org/10.1016/j.ajo.2017.06.016
https://doi.org/10.1016/j.ajo.2017.06.016
https://doi.org/10.3390/jcm13030748
https://doi.org/10.1371/journal.pone.0152460
https://doi.org/10.1016/j.jcrs.2003.07.003
https://doi.org/10.1016/j.exer.2015.10.013
https://doi.org/10.1186/s12886-019-1136-8
https://doi.org/10.1186/s12886-019-1136-8
https://doi.org/10.1016/j.jcrs.2005.10.034
https://doi.org/10.2147/OPTH.S188521
https://doi.org/10.3928/1081597X-20140711-09
https://doi.org/10.2147/OPTH.S1409
https://doi.org/10.2147/OPTH.S1409
https://doi.org/10.1016/j.exer.2020.108428


Spangler et al.� 10.3389/fmed.2025.1623324

Frontiers in Medicine 08 frontiersin.org

	58.	Dossari, SK. Post-refractive surgery dry eye: a systematic review exploring 
pathophysiology, risk factors, and novel management strategies. Cureus. (2024) 
16:e61004. doi: 10.7759/cureus.61004

	59.	Di Zazzo, A, Spelta, S, Micera, A, De Gregorio, C, Affatato, M, Esposito, G, et al. 
Prophylactic therapy for long-term ocular discomfort after cataract surgery. Cornea. 
(2025) 44:443–9. doi: 10.1097/ICO.0000000000003561

	60.	Hovanesian, J, Epitropoulos, A, Donnenfeld, ED, and Holladay, JT. The effect of 
lifitegrast on refractive accuracy and symptoms in dry eye patients undergoing cataract 
surgery. Clin Ophthalmol. (2020) 14:2709–16. doi: 10.2147/OPTH.S264520

	61.	Fogagnolo, P, Romano, D, De Ruvo, V, Sabella, P, and Rossetti, L. Clinical efficacy 
of an eyedrop containing hyaluronic acid and ginkgo biloba in the management of dry 
eye disease induced by cataract surgery. J Ocul Pharmacol Ther. (2022) 38:305–10. doi: 
10.1089/jop.2021.0123

	62.	Donaldson, K, Parkhurst, G, Saenz, B, Whitley, W, Williamson, B, and 
Hovanesian, J. Call to action: treating dry eye disease and setting the foundation for 
successful surgery. J Cataract Refract Surg. (2022) 48:623–9. doi: 10.1097/j.
jcrs.0000000000000844

	63.	Yang, F, Yang, L, Ning, X, Liu, J, and Wang, J. Effect of dry eye on the reliability of 
keratometry for cataract surgery planning. J Fr Ophtalmol. (2024) 47:103999. doi: 
10.1016/j.jfo.2023.04.016

	64.	Kawahara, A. Management of dry eye disease for intraocular lens power 
calculation in cataract surgery: a systematic review. Bioengineering. (2024) 11:597. doi: 
10.3390/bioengineering11060597

	65.	Bandeira, E, Silva, F, Hazarbassanov, RM, Martines, E, Güell, JL, and 
Hofling-Lima, AL. Visual outcomes and aberrometric changes with topography-guided 
photorefractive keratectomy treatment of irregular astigmatism after penetrating 
keratoplasty. Cornea. (2018) 37:283–9. doi: 10.1097/ICO.0000000000001474

	66.	Mikalauskiene, L, Grzybowski, A, and Zemaitiene, R. Ocular surface changes 
associated with ophthalmic surgery. J Clin Med. (2021) 10. doi: 10.3390/jcm10081642

	67.	Tangpagasit, W, and Srivanich, O. Ocular surface analysis of dry eye disease after 
cataract surgery. Cornea Open. (2024) 3:e0027. doi: 10.1097/coa.0000000000000027

	68.	Lee, SH, Chun, YS, and Kim, KW. Ocular surface parameter changes in the 
untreated fellow eye after unilateral cataract surgery with short-term administration of 
anti-inflammatory eye drops. Sci Rep. (2024) 14:1080. doi: 10.1038/s41598-024-51764-7

	69.	Goldstein, MH, Silva, FQ, Blender, N, Tran, T, and Vantipalli, S. Ocular 
benzalkonium chloride exposure: problems and solutions. Eye. (2022) 36:361–8. doi: 
10.1038/s41433-021-01668-x

	70.	de Paiva, CS. Effects of aging in dry eye. Int Ophthalmol Clin. (2017) 57:47–64. doi: 
10.1097/IIO.0000000000000170

	71.	Mannis, MJ, and Holland, EJ. Cornea E-book. Amsterdam: Elsevier Health 
Sciences (2016).

	72.	Zhang, Z, Wang, Y, Zhang, H, Samusak, A, Rao, H, Xiao, C, et al. Artificial 
intelligence-assisted diagnosis of ocular surface diseases. Front Cell Dev Biol. (2023) 
11:1133680. doi: 10.3389/fcell.2023.1133680

	73.	Wang, M, Shen, LQ, Pasquale, LR, Petrakos, P, Formica, S, Boland, MV, et al. An 
artificial intelligence approach to detect visual field progression in glaucoma based on 
spatial pattern analysis. Invest Ophthalmol Vis Sci. (2019) 60:365–75. doi: 10.1167/
iovs.18-25568

	74.	Wang, J, Li, S, Yeh, TN, Chakraborty, R, Graham, AD, Yu, SX, et al. Quantifying 
meibomian gland morphology using artificial intelligence. Optom Vis Sci. (2021) 
98:1094–103. doi: 10.1097/OPX.0000000000001767

	75.	Jayadev, C, and Shetty, R. Artificial intelligence in laser refractive surgery  – 
potential and promise! Indian J Ophthalmol. (2020) 68:2650–1. doi: 10.4103/ijo.
IJO_3304_20

	76.	Ruiz Hidalgo, I, Rodriguez, P, Rozema, JJ, Ní Dhubhghaill, S, Zakaria, N, 
Tassignon, M-J, et al. Evaluation of a machine-learning classifier for Keratoconus 
detection based on Scheimpflug tomography. Cornea. (2016) 35:827–32. doi: 10.1097/
ICO.0000000000000834

	77.	Yoo, TK, Ryu, IH, Lee, G, Kim, Y, Kim, JK, Lee, IS, et al. Adopting machine 
learning to automatically identify candidate patients for corneal refractive surgery. NPJ 
Digit Med. (2019) 2:59. doi: 10.1038/s41746-019-0135-8

	78.	Achiron, A, Gur, Z, Aviv, U, Hilely, A, Mimouni, M, Karmona, L, et al. Predicting 
refractive surgery outcome: machine learning approach with big data. J Refract Surg. 
(2017) 33:592–7. doi: 10.3928/1081597X-20170616-03

	79.	Cui, T, Wang, Y, Ji, S, Li, Y, Hao, W, Zou, H, et al. Applying machine learning 
techniques in nomogram prediction and analysis for SMILE treatment. Am J 
Ophthalmol. (2020) 210:71–7. doi: 10.1016/j.ajo.2019.10.015

	80.	Gutierrez, L, Lim, JS, Foo, LL, Ng, WY, Yip, M, Lim, GYS, et al. Application of 
artificial intelligence in cataract management: current and future directions. Eye Vis 
(Lond). (2022) 9:3. doi: 10.1186/s40662-021-00273-z

	81.	Gao, X, Lin, S, and Wong, TY. Automatic feature learning to grade nuclear 
cataracts based on deep learning. IEEE Trans Biomed Eng. (2015) 62:2693–701. doi: 
10.1109/TBME.2015.2444389

	82.	Li, W, Yang, Y, Zhang, K, Long, E, He, L, Zhang, L, et al. Dense anatomical 
annotation of slit-lamp images improves the performance of deep learning for the 
diagnosis of ophthalmic disorders. Nat Biomed Eng. (2020) 4:767–77. doi: 10.1038/
s41551-020-0577-y

	83.	Wu, X, Huang, Y, Liu, Z, Lai, W, Long, E, Zhang, K, et al. Universal artificial 
intelligence platform for collaborative management of cataracts. Br J Ophthalmol. (2019) 
103:1553–60. doi: 10.1136/bjophthalmol-2019-314729

	84.	Xu, X, Zhang, L, Li, J, Guan, Y, and Zhang, L. A hybrid global-local representation 
CNN model for automatic cataract grading. IEEE J Biomed Health Inform. (2020) 
24:556–67. doi: 10.1109/JBHI.2019.2914690

https://doi.org/10.3389/fmed.2025.1623324
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.7759/cureus.61004
https://doi.org/10.1097/ICO.0000000000003561
https://doi.org/10.2147/OPTH.S264520
https://doi.org/10.1089/jop.2021.0123
https://doi.org/10.1097/j.jcrs.0000000000000844
https://doi.org/10.1097/j.jcrs.0000000000000844
https://doi.org/10.1016/j.jfo.2023.04.016
https://doi.org/10.3390/bioengineering11060597
https://doi.org/10.1097/ICO.0000000000001474
https://doi.org/10.3390/jcm10081642
https://doi.org/10.1097/coa.0000000000000027
https://doi.org/10.1038/s41598-024-51764-7
https://doi.org/10.1038/s41433-021-01668-x
https://doi.org/10.1097/IIO.0000000000000170
https://doi.org/10.3389/fcell.2023.1133680
https://doi.org/10.1167/iovs.18-25568
https://doi.org/10.1167/iovs.18-25568
https://doi.org/10.1097/OPX.0000000000001767
https://doi.org/10.4103/ijo.IJO_3304_20
https://doi.org/10.4103/ijo.IJO_3304_20
https://doi.org/10.1097/ICO.0000000000000834
https://doi.org/10.1097/ICO.0000000000000834
https://doi.org/10.1038/s41746-019-0135-8
https://doi.org/10.3928/1081597X-20170616-03
https://doi.org/10.1016/j.ajo.2019.10.015
https://doi.org/10.1186/s40662-021-00273-z
https://doi.org/10.1109/TBME.2015.2444389
https://doi.org/10.1038/s41551-020-0577-y
https://doi.org/10.1038/s41551-020-0577-y
https://doi.org/10.1136/bjophthalmol-2019-314729
https://doi.org/10.1109/JBHI.2019.2914690

	Ocular surface disease following LASIK and cataract surgery: a review of their interrelated complications
	1 Introduction
	2 Ocular surface disease following ocular surgery
	2.1 Pathophysiology of LASIK-induced complications
	2.2 Alternative to LASIK
	2.3 Pathophysiology of cataract surgery-induced complications

	3 Treatments for ocular surface disease
	4 Discussion

	References

