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Abstract: Keratoconus is an under-diagnosed progressive ectatic degeneration of the cornea associated with significant negative
impact on both visual function and quality of life. Historical treatments—including optical refractive correction and penetrating
keratoplasty—have significant limitations, the most important of which is that they fail to alter the progressive nature of the disease in
some or all of patients. Corneal cross-linking in conjunction with cessation of eye rubbing and mechanical stressors represents
a paradigm change in keratoconus therapy that stabilizes the degenerative process and offers both improvement in structural and
functional outcomes and long-term stability in both visual function and quality of life. The development of corneal cross-linking and
the opportunity to halt keratoconus progression makes imperative the early identification and treatment of subclinical cases when
cross-linking offers the greatest long-term benefit. The availability of a less invasive epithelium-on cross-linking option further
underscores this imperative. In this perspective, we describe the challenges of detecting early keratoconus and advocate for
collaborative partnership with the entire eye care community to implement new and emerging technologies to find patients who
would benefit from cross-linking and facilitate early referral to corneal surgeons for definitive treatment.
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Introduction
Keratoconus is an under-diagnosed bilateral and progressive ectatic condition of the cornea most commonly presenting in
teenage years and early adulthood and progressing over time.' The condition is characterized by progressive thinning and
steepening into a conic formation commonly resulting in irregular astigmatism and reductions in best-corrected visual
acuity.” The exact cause is not fully understood, but factors like genetics, eye rubbing, allergy/atopy, sleeping with a hand
or pillow pressed against the eye, and certain connective tissue conditions may play a role. If left untreated, progression
can lead to vision loss and reduction in quality of life.®

Early keratoconus is frequently asymptomatic and difficult to diagnose on clinical exam, although more advanced imaging
techniques may detect early cases before permanent structural changes occur in the cornea leading to vision loss, thereby
facilitating earlier intervention to prevent progression of the disorder. The prevalence of keratoconus in the United States using
standard diagnostic technology has historically been reported in the range of 17.5-120 per 100,000 persons (0.0175-0.12%),*®
while a recent analysis of data from the Centers for Disease Control and Prevention Vision and Eye Health Surveillance System
reported the prevalence at 0.03% in 2016 and 0.04% in 2019.” With more advanced imaging (eg, Scheimpflug tomography) to
capture potential subclinical cases, the prevalence rises to 0.3%."°

Traditional keratoconus management involved correction of progressive refractive error with optical modalities in
early stages (glasses or soft contact lenses for early myopic changes, followed by gas-permeable, hybrid, or scleral
contact lenses as irregular astigmatism develops), with corneal transplantation reserved for advanced or severe cases. The
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advent of corneal cross-linking has enabled intervention early in the disease course to stabilize corneal shape and
structure to prevent cone formation and associated vision loss. This treatment, in addition to cessation of eye rubbing,
sleeping with a hand or pillow pressed against the eye, or other chronic mechanical insults to the cornea, is best
administered before significant ectasia and vision loss have occurred in order to stabilize the condition. Consequently,
there is a significant unmet need to improve early detection of keratoconus to facilitate intervention when it is most
effective, before irreversible vision loss. Early detection is especially important given the availability of treatment options
for stabilization such as corneal collagen cross-linking. In this paper, we advocate for early interventional keratoconus
management, discuss limitations to this approach including low detection rates at the most treatment-amendable stages,
and propose strategies to overcome these limitations.

The Cost of Delayed Diagnosis

The natural history of keratoconus includes early asymptomatic stages when treatment to prevent vision loss may be most
impactful, as well as later symptomatic stages when visual rehabilitation becomes more difficult (even if the disease itself
is stabilized). The disease typically is detected in teenage years and young adulthood, but progression can continue into
later age groups.'" It can begin with early topographic, tomographic, or epithelial-mapping changes before it is detectable
on slit lamp examination and even while there is little to no loss of best corrected visual acuity.'?

Keratoconus represents a spectrum of progressive corneal changes. Forme fruste keratoconus typically describes an
extremely early form of keratoconus which includes a normal-appearing cornea on slit-lamp and often normal anterior
topography, but may show subtle posterior elevation changes and thinning. Subclinical keratoconus is characterized by
tomographic and topographic signs with a normal slit-lamp appearance. Subtle signs of subclinical keratoconus include
asymmetric displacement of anterior and posterior corneal apices (skew deviation), corneal thinning, and reduction of
corneal volume. Thinning is typically observed in the area of greatest steepening. However, these signs are often
unappreciated on routine clinical examination, when early symptoms can easily be attributed to simple refractive error.
More advanced imaging techniques, such as corneal tomography, can identify these early, subclinical cases and expedite
treatment before structural and functional degradation occur. More subtle signs, including increased epithelial/stromal
thickness ratio in the central cornea as well as asymmetric superior-nasal epithelial thinning, may suggest but not
establish the diagnosis of keratoconus; such cases are considered keratoconus suspects and warrant close longitudinal
observation to detect definitive findings consistent with keratoconus. Patients also should have ongoing counseling
regarding the risks of ongoing eye rubbing and the need for cessation of mechanical forces on the cornea. As the disease
progresses, ectatic changes leading to cone formation become evident on slit-lamp examination, accompanied by
decreased visual acuity that can often be fully corrected early with a variety of refractive devices but not later in the
progression.

Corneal cross-linking can yield the most favorable refractive outcomes when performed before significant ectasia has
occurred. This is typically in the asymptomatic or early symptomatic phase, when many cases are misdiagnosed as
simple myopic/astigmatic refractive error. By the time the disease manifests both symptomatically and clinically, cross-
linking stabilizes the structural changes but may not be able to significantly improve refractive outcomes.

Therein lies a critical clinical conundrum: Many eyes with keratoconus are not diagnosed until significant ectasia and
vision loss have occurred. There is a vital window of opportunity when treatment is most refractively impactful, but
diagnosis is most difficult. If this window of opportunity is missed, not only is visual function permanently impaired, but
there are also adverse effects on mental health and quality of life. Multiple studies and several systematic reviews and
meta-analyses have demonstrated a detrimental effect of keratoconus on mood, mental health, quality of life, and
emotional well-being.'*™'> The detrimental impact of keratoconus on mental health is often disproportionate to the
extent of visual impairment and dependence on medical contact lenses, suggesting effects related to stress, anxiety, and
fear of going blind; this impact appears to dissipate with time as patients become more familiar and comfortable living
with the disease."® Additionally, patients with keratoconus have higher depression scores than unaffected individuals.'*
The 25-item National Eye Institute Visual Function Questionnaire (NEI VFQ-25) is a well-validated instrument for
measuring the impact of visual function on quality of life.'® Most studies utilizing the NEI VFQ-25 have demonstrated
a significant reduction in quality of life among patients with keratoconus.> Mean scores suggest an impact commensurate
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with that of advanced non-exudative age-related macular degeneration (category 3—4),'” and scores worsen meaningfully
over time in many patients.'®

A second important clinical reason to enhance detection of subclinical keratoconus relates to corneal refractive
surgery. In the early days of laser in situ keratomileusis (LASIK), when patients presented with post-refractive corneal
ectasia, undetected subclinical keratoconus was recognized as a very strong and likely cause. Post-refractive ectasia is
characterized by rapid progression of irregular corneal steepening, increasing myopia, and astigmatism.'® Myopia is the
leading indication for refractive surgery, and patients with undiagnosed keratoconus-related myopia are among those
seeking refractive surgery. For instance, in a recent study in Syria, 18% of prospective myopic refractive surgery patients
were screened and diagnosed with keratoconus, and another 14% were identified as keratoconus suspects.”’ If mis-
diagnosed as simple myopia, patients with subclinical keratoconus undergoing corneal refractive surgery are at high risk
for postoperative ectasia, further underscoring the importance of improving detection.

In summary, identifying and treating early cases can reduce vision loss and preserve quality of life in patients with
keratoconus. Screening for keratoconus will have substantial value from a societal perspective because the benefit is
substantial and the missed opportunity for early diagnosis and treatment leads to preventable vision loss in working-age
adults; it also is imperative in patients seeking corneal refractive surgery to avoid postoperative ectasia and vision loss.

Current Diagnostic Challenges and Solutions

Keratoconus is most impactfully treated in its earliest and often asymptomatic stages, making early diagnosis critical to
preventing vision loss. The diagnosis of keratoconus is challenging given the paucity of clinical findings in the early
stages, posing a mismatch between manifest symptoms and subtle or absent clinical signs that compounds the diagnostic
dilemma. Suspected cases may be identified by tomographic, topographical, and epithelial mapping analysis of the
cornea. Early findings may include posterior corneal elevation, mild focal corneal steepening, widening disparity of the
inferior and superior ratio, and the presence of anterior corneal aberrations such as coma.”'** Absent a high suspicion
and persistent diagnostic testing, many subclinical cases are missed.

Screening may be the best approach for early detection of subclinical cases.”> However, large-scale mass screening
efforts are complicated by the lack of a simple, cost-effective screening test, as corneal topography/tomography is
expensive and not easily portable and thus is not well suited for large population screening efforts.** Additionally,
collaboration with pediatrician societies may be necessary to allow for screening modalities to be considered standard of
care for the pediatric population.

Screening using topography can also have other limitations, including poor-quality image acquisition in eyes with
concurrent ocular surface disease or epithelial basement membrane disorders, in addition to poor reproducibility,
especially in uncooperative children. A smartphone-based system has been developed but may miss subclinical cases
due to low sensitivity.”> Future screening modalities may include artificial intelligence (AI) driven devices. There is most
certainly an unmet need for this type of low cost, high specificity and sensitivity device which will allow patients to seek
the gold standard tomography study in order to find eyes that need medical assessment. An FDA-approved genetic test
evaluating more than 2000 variants in 75 genes associated with keratoconus was developed, but its clinical utility as
a screening test has not been demonstrated and it is currently not commercially available.?®

At present, targeted screening in at-risk populations (eg. in patients with eye rubbing, floppy eyelid syndrome, allergy/
atopy, family history, connective tissue disorders, Down Syndrome, frequent prescription changes, or higher-order
aberrations) is more viable than mass community screening. As an example of this approach, a tomography-based
screening study in 174 Egyptian school children with high myopia (>6 D) using Scheimpflug imaging identified 16 eyes
(9.2%) with keratoconus; the degree of myopia and astigmatism was similar in eyes with and without keratoconus, but
affected eyes had significantly more spherical and vertical coma aberrations.?’ Effective opportunistic screening requires
a high degree of suspicion in at-risk individuals. This includes those with a family history of keratoconus (odds ratio
6.42-25.52), atopy/allergy (odds ratio 1.94-2.95), and eye rubbing (odds ratio 3.09-4.93),°%3° as well as those with
connective tissue disorders, Down Syndrome, frequent prescription changes, or higher order aberrations. In addition,

screening remains essential in patients seeking corneal refractive surgery, where the prevalence of undiagnosed
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keratoconus has been reported to range from 3-6% in Caucasian populations®' and 9-18% in Middle Eastern
populations.?*3%33

In primary eye care settings, the instrumentation available for screening may be limited to the slit-lamp, phoropter,
and keratometry. A significant increase in myopia and/or astigmatism alone during a routine eye examination may be
a presenting sign of keratoconus and should be considered a screening method. Early slit-lamp findings of keratoconus
are often nonexistent, or they are subtle and easily overlooked. Keratometry is inexpensive and provides qualitative
information on mire appearance in manifest keratoconus but may be insensitive to early disease, and may miss more
peripheral findings as it only evaluates a 3mm region of the cornea, and has largely been superseded by more recent and
advanced diagnosing technologies.>* In specialty eye care settings, additional instruments including corneal topography
and tomography, as well as tomography and corneal hysteresis testing, may be available. Placido-based topography
provides information on the central anterior corneal surface and can provide evidence of early keratoconus, but it requires
clinical experience for best interpretation.®® Likewise, videokeratography has widely variable sensitivity and specificity
for early subclinical keratoconus.**

Advances in ophthalmic imaging offer new opportunities for keratoconus screening.*® These include instruments that
provide both structural and biomechanical information. Rotating Scheimpflug imaging is a tomographic technique that
provides detailed quantitative information on corneal curvature and elevation of both the anterior and posterior corneal
surface.”” These devices provide an extensive list of calculated parameters with varying but generally highly accurate
screening performance in detecting early keratoconus.*® Posterior corneal elevation abnormalities seen on tomography
may also aid in detecting early or subclinical cases.'**”*° Assessment of both anterior and posterior corneal curvature
data with tomography has given rise to a new keratoconus staging system, the Belin/Ambrosio Enhanced Ectasia (BAD)
display, which considers the anterior (A) and back (B) corneal radii as well as corneal thickness (C) and distance visual
acuity (D).*° Diagnosis may be further enhanced with epithelial mapping to detect focal epithelial thinning over the area
of total corneal thinning, posterior elevation changes, and the cone arising from the epithelial remodeling response.*'
Additionally, these instruments model the passage of light through the cornea (wavefront or aberration analysis) to
identify structural abnormalities typical of early keratoconus arising from optical aberrations.** Optical coherence
tomography generates corneal thickness maps that identify focal areas of corneal thinning indicative of early
keratoconus.>” Finally, analysis of air-pulse deformation of the cornea can provide biomechanical information that
distinguishes between normal and early keratoconus with a high degree of accuracy.*’

In isolation, each of these technologies provides information that can identify eyes with early keratoconus. In
combination, their diagnostic value is substantially increased. Multi-modal platforms include comprehensive combined
metrics to indicate potentially affected eyes. These devices can attune clinicians to the possible presence of the disease,
leading to definitive evaluation, diagnosis, and management.

Optimizing collective information gleaned from the wide variety of parameters generated across the various platforms
is a logical application for Al. Artificial intelligence has shown promising outcomes in analyzing ophthalmic images for
the early detection of diseases including diabetic retinopathy and glaucoma as well as corneal, eyelid, and orbital
diseases.*® With regard to keratoconus, AI may have the potential to enhance diagnosis and improve early detection and
treatment planning,*’ when used in conjunction with clinical evaluation and gold-standard diagnostic technologies such
as tomography. Both images and the numerical data derived from them can serve as inputs, although the preponderance
of research to date utilizes numerical data rather than actual raw images.*® High accuracy has been achieved with Al
models in distinguishing normal eyes from those with manifest keratoconus. However, achieving high diagnostic
accuracy using Al to identify subclinical keratoconus has been more challenging and is more successful when data
from multiple sources (for example tomographic and biomechanical data) are combined.*’ This underscores a persistent
challenge in screening for subclinical keratoconus: the lack of a single diagnostic modality that provides sufficient
information to conclusively detect cases across the spectrum of disease severity.

In summary, targeted screening for keratoconus may represent the most feasible and effective strategy for detecting
early subclinical cases and facilitating early treatment. Currently, there is a need for simple, portable screening tests, and
targeted screening of high-risk populations (eg, those with a family history of keratoconus, atopy/allergy, connective
tissue disorders, eye rubbing, Down Syndrome, frequent prescription changes, and higher-order aberrations). There is
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also a need for mass screening for the entire pediatric population once a low-cost and highly specific and sensitive
screener becomes available for the use in schools, pediatricians’ and allergists’ offices in addition to eye care provider
locations. In addition, screening remains essential in patients seeking corneal refractive surgery, where the prevalence of
undiagnosed keratoconus is high and can increase the risk for postoperative ectasia. Optometrists and comprehensive
ophthalmologists who suspect early or subclinical keratoconus should refer such patients to a corneal surgeon early so
that these patients — if diagnosed with keratoconus - can avail themselves of early interventional therapy to halt disease
progression rather than delaying referral and increasing progression risk with non-interventional optical refractive
correction.

Comparing Treatment Pathways: Early Intervention vs. Late Management
Treatment options for keratoconus vary by stage of the disease. Historically visual correction was largely compensatory
in nature and had no beneficial effect on the natural history of the disease. Early cases were managed with optical
correction (spectacles or contact lenses early, rigid scleral contact lenses to address irregular astigmatism later) while
advanced cases underwent corneal transplantation. Scleral contact lenses are the most common form of optical correc-
tion, and while they provide a smooth and stable interface for vision correction, they can have important limitations, such
as handling issues>® and visual problems (eg, sunburst/starburst patterns within the visual axis).’' In addition, unfortu-
nately many patients wearing rigid contact lenses have the misconception that the contact lenses are preventing
progression of the disease. In reality, none of these compensatory optical correction strategies alters the progressive
natural history of the disease, and so they should be considered useful adjuncts if needed, rather than replacing the
primary treatment of corneal cross-linking.

In later stages of keratoconus, compensatory strategies typically involve invasive surgical replacement of the affected
cornea. These procedures are not curative, have a limited duration of effect given the lifelong course of keratoconus, and
unfortunately often represent the trading of one set of problems for a different set of problems. A long-term study of full-
thickness corneal transplantation for keratoconus in 219 eyes revealed a cumulative rejection rate of 45%, a 20-year graft
failure rate of 12%, and a 10% 20-year probability of keratoconus recurrence.’” In a larger registry study of 4834 eyes
undergoing first transplantation for keratoconus, graft survival rates at 10, 20, and 23 years were 89%, 49%, and 17%.*
More disheartening, the failure rates for repeat keratoplasty in eyes with keratoconus are even higher than for first
grafts.>* Given that keratoconus presents early in life, the high failure rates at 20 years and later are significant as most
patients would be expected to survive at least this long postoperatively, and many would require additional procedures for
visual rehabilitation. Partial-thickness transplantation is also an option, although outcomes are generally similar to those
with full-thickness procedures.” Whether full- or partial thickness, corneal grafting requires consistent lifetime follow-
up for surveillance of graft health and survival.

Corneal cross-linking represents a definitive solution-focused approach to keratoconus management. As initially
described, the Dresden protocol was an epithelium-off approach using riboflavin 0.1% in 20% dextran administered
every 2 minutes for 30 minutes followed by central corneal irradiance with ultraviolet A (UVA) light in the 365-370 nm
range for 30 minutes.’® Long-term studies have since established the safety and efficacy of the treatment in halting
progressive ectasia.”’ > With the advent and FDA approval of corneal cross-linking in 2016 (Photrexa®), the
U.S. keratoconus treatment paradigm underwent a significant shift. Cross-linking is a minimally invasive outpatient
procedure in which riboflavin, a vitamin B2 derivative, is applied topically to the cornea, followed by ultraviolet light
exposure to activate the riboflavin and promote the formation of cross-linking of collagen molecules within the corneal
stroma. This network of crosslinked collagen biomechanically strengthens and stabilizes the cornea, preventing further
ectasia. Thus, in contrast to corneal transplantation, corneal cross-linking halts progression rather than compensating
once progression has occurred.

Prior to October 2025, the only FDA-approved procedure was performed by removing the central 7-9mm of corneal
epithelium to enhance riboflavin absorption (epithelium-off corneal cross-linking). However, on October 20, 2025, the
FDA approved epithelium-on cross-linking (Epioxa®): a new incision-free drug therapy, catalyzed by oxygen and light,
which leaves the epithelium intact and has been shown to arrest progression of keratoconus with a single administration.
This novel procedure may substantially increase the benefit-risk ratio by reducing complications, decreasing the
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rehabilitation process to a day rather than a week, reducing the treatment time, and reducing the discomfort associated
with epithelial removal. In addition, the FDA indication for epithelium-on cross-linking does not require that disease
progression be demonstrated before initiating therapy, further facilitating earlier intervention. Finally, epithelium-on
cross-linking is approved for corneas with epithelium-on pachymetry of >325 microns (vs epithelium-off cross-linking
was approved for corneas >400 microns thick after epithelium removal), further broadening the range of patients who
may undergo the treatment. Altogether these advantages may accelerate the acceptance of corneal cross-linking. Multiple
randomized trials and several meta-analyses of these trials have concluded that both approaches provide similar outcomes
in terms of maximal keratometry, best-corrected and uncorrected visual acuity, spherical equivalent, and corneal
curvature parameters; however, the epithelium-off approach has higher rates of corneal haze, delayed epithelial healing,
inflammatory and infectious keratitis, and postoperative discomfort compared to epithelium-on.®®' In addition, several
systematic reviews have shed light on the efficacy of both epithelium-on and epithelium-off crosslinking for keratoconus.
A Cochrane systematic review evaluated 13 international randomized trials with 567 patients comparing epithelium-on
and -off techniques and found no between-group differences in maximal keratometry (in 5 studies) or visual acuity (in 2
studies) and concluded insufficient evidence supporting either treatment over the other.**®* Borchert et al conducted
a systematic review and meta-analysis of 27 randomized trials comparing epithelium-on and -off crosslinking in 1399
patients and found no differences in maximal keratometry or corrected distance VA between groups at 12 months;
however, uncorrected distance VA was better in the epithelium-off group albeit with greater progressive corneal thinning
than in the epithelium-on group.®* Jaruseviciene and coworkers conducted a review of 39 publications and concluded that
compared to the Dresden epithelium-off technique, while epithelium-on or iontophoretic protocols improved patient
comfort and recovery time, these modifications appeared to provide less stromal stiffening and potentially lower efficacy
in preventing keratoconus progression.®> Alajmi et al conducted a systematic review and meta-analysis of 14 studies
comparing epithelium-on and -off techniques in 629 patients and concluded that both approaches effectively stabilized
the disease, however the epithelium-off technique yielded greater corneal flattening while the epithelium-on technique
offered better visual acuity and a more favorable patient experience®® Due to heterogeneity of study designs, treatment
protocols, outcome parameters, and presence or absence of oxygen supplementation or UVA pulsing across studies,
comparative conclusions should be interpreted with caution.

Long-term outcomes of cross-linking in early keratoconus confirm its effectiveness. A 10-year follow-up of
participants in the pivotal trial supporting FDA approval revealed that 81.8% of keratoconus eyes remained stable
following the procedure.®” A review of several other studies have confirmed the long-term efficacy of cross-linking in
stabilizing progressive keratoconus through up to 13 years of follow-up.®® Likewise in eyes with early keratoconus,
a 9-year study revealed that visual acuity, refractive, and curvature parameters were all stable or improved with no
significant postoperative complications.®’

Given the high long-term failure rates of keratoplasty, it is not surprising that keratoconus treatment has dramatically
shifted toward earlier less-invasive intervention, particularly once corneal cross-linking was available.” In a Dutch study
conducted after the introduction of cross-linking, keratoplasty rates for keratoconus dropped by 25%.”" In a similar study
conducted in Norway, a greater than 50% reduction in keratoplasty was seen.’> A similar decline in keratoplasty rates for
keratoconus has been observed in the United States,” Japan,74 and New Zealand.”®

A transition from keratoplasty to corneal cross-linking is expected to have beneficial effects not only on visual acuity
and corneal parameters, but also—and arguably more importantly—on quality of life and safety for patients with
keratoconus. It is well established that quality of life is impaired in patients with keratoconus’® and deteriorates further
as keratoconus progresses.’’ The impact of keratoconus on life and lifestyle can be profound. In a New Zealand study,
15% reported that keratoconus impacted their employment, including 9% who missed work due to the disease, and 5%
who altered their educational plans because of the diagnosis.”®

In a prospective French study, vision-related quality of life scores (including both overall score and subscale scores
such as ocular pain, social function, mental health, role difficulties, and dependency) decreased proportionally as the
severity of keratoconus increased.”® In contrast, with stabilization of visual acuity and corneal morphology, quality of life
scores measured with both general vision and keratoconus-specific instruments stabilize after cross-linking.*® Thus, early
intervention can stabilize the disease and preserve quality of life, and it is best implemented before significant structural
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and/or functional impairment has already compromised quality of life. In contrast, quality of life following penetrating
keratoplasty for keratoconus demonstrates significant impairment in domains such as role difficulties, dependency,
driving, and peripheral vision,®' further supporting the importance of early intervention to avoid keratoplasty and
reduction in quality of life.

Other procedures that have been employed for keratoconus include corneal tissue addition keratoplasty and synthetic
or allogenic corneal intrastromal ring segments. Collectively these procedures consist of implantation of corneal or
synthetic materials into the cornea in an effort to flatten the cone and improve visual function. In clinical studies, variable
effects on visual acuity and topography have been reported.®>™

In summary, early optical correction in keratoconus addresses visual symptoms but does not alter the course of the
disease. In contrast, early corneal cross-linking stabilizes corneal ectasia and preserves visual function and quality of life.
These outcomes are stable over time through up to 13 years of follow-up. This is in marked contrast to the postoperative
course of penetrating keratoplasty, which has a high long-term failure rate requiring regrafting with even higher
subsequent failure rates. Consequently, keratoplasty rates are falling as early cross-linking becomes the standard of
care for keratoconus. This paradigm shift preserves visual function and maintains quality of life. Now FDA-approved,
epithelium-on oxygen-enriched cross-linking will further improve upon epithelium-off techniques by providing similar
outcomes with less postoperative discomfort and lower risk of corneal haze, thereby facilitating earlier intervention.

Interventional Keratoconus: An Evidence-Based New Paradigm

The development and further refinement of corneal cross-linking offer an impactful opportunity to transform our
approach to the management of keratoconus at all stages of the disease. As procedural therapy becomes the preferred
first-line treatment, the paradigm shifts to a more interventional approach to halt disease progression and prevent vision
loss. Interventional keratoconus is a proactive approach, with interventions applied earlier in the disease—ideally in the
pre-symptomatic stages—to prevent structural and functional decline rather than reactive attempts to stabilize or slow
progression once vision is adversely affected. Such an approach incorporates new and emerging technology to improve
diagnosis, and more active patient monitoring to detect subtle evidence of progression before visual function declines.
The goal of interventional keratoconus is to proactively identify, treat, and monitor patients with keratoconus throughout
their lives and disease course to prevent visual dysfunction and preserve quality of life.

A Call to Action: Implementing Interventional Keratoconus Management
The paradigm shift to early corneal cross-linking to preserve visual function and quality of life for patients with
keratoconus mandates a broader shift in our approach to the disease. In addition to individualized clinical care at the
patient level, we must develop a broader strategy for addressing the impact of keratoconus on society as a public health
issue. Such a shift starts with a redesign of clinical pathways to incorporate early diagnosis and cross-linking to prevent
avoidable vision loss. This in turn requires the development of cost-effective targeted screening strategies, in the future
perhaps incorporating artificial intelligence to parse the multi-modal data arising from various diagnostic modalities.
Educational initiatives will be necessary for all eyecare providers—both ophthalmologists and optometrists—to identify
and screen at-risk individuals and recommend early treatment rather than following these patients, waiting for them to
progress. Likewise, patient awareness campaigns and education regarding the impact of eye rubbing as well as
identifying patients at risk and empower them to self-advocacy for screening. This may include public service
announcements distributed via both traditional and social media, as well as an awareness month as has been implemented
for other eye conditions. For instance, January is Glaucoma Awareness Month, when multiple stakeholders from industry
partners to private foundations to the American Glaucoma Society and the American Academy of Ophthalmology
actively promote glaucoma awareness and screening. A similar approach to keratoconus could significantly increase
awareness and screening among at-risk individuals. Such efforts are ongoing. For instance, the National Keratoconus
Foundation has proclaimed November 10 as World Keratoconus Day as a means of raising awareness about keratoconus
as well as to support and advocate for those living with keratoconus. Additionally if mass screening is the future state for
diagnosing keratoconus, working with our pediatrician and allergist colleagues as well as working with local schools may
ultimately increase early detection rates once mass screening tools are more widely available.
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In combination with these patient-centered activities, there must be parallel advocacy for changes in health policy to
provide coverage for screening and treatment costs associated with diagnosis and treatment of keratoconus. Waiting to
treat patients with a high likelihood of progression, or those with already advanced progression, is poor preventive
medicine. Specifically, corneal cross-linking coverage should be widely available early in the course of the disease,
before symptoms appear, and with or without documented disease progression. The case for broader insurance coverage
could be bolstered by more robust economic models describing both the direct and indirect costs of the disease and its
consequences at both the patient and the society level, as well as the expected savings from early, effective case detection
and intervention. The introduction of a diagnostic code for keratoconus suspects in the International Classification of
Disease-10 system and a keratoconus screening code in the Current Procedural Terminology system would further
enhance efforts to identify and treat early cases. The evidence to support these system-wide changes in our approach to
keratoconus would be strengthened by additional research to refine screening performance, quantify long-term clinical
outcomes, and model costs and savings associated with comprehensive screening and management.

Summary and Conclusion

Keratoconus is an under-diagnosed but important cause of irreversible vision loss in young and working-age adults with
a profound effect on quality of vision and quality of life. Corneal cross-linking effectively stabilizes the disease and
prevents vision loss, and it is most beneficial when applied early in the course of the disease before irreversible corneal
structural changes occur. Early diagnosis is often challenging due to lack of symptoms and signs when treatment is most
effective, and/or to the lack of a corneal tomographer or topographer. Innovation in ocular imaging and application of
artificial intelligence enhance early detection and identify patients most likely to benefit from treatment. Once kerato-
conus is diagnosed, the availability of a new epithelium-on oxygen-enriched topical drug therapy may be able to arrest its
progression sooner with a single administration. A proactive public health approach is imperative to identify and treat
patients with early keratoconus to prevent avoidable vision loss and preserve quality of life. A paradigm shift for the
condition including diagnosis and treatment with less invasive epithelium-on options is critical for the future of patients
and doctors treating this condition. This shift will also include provider education to improve screening and detection
rates, patient awareness to encourage self-advocacy, expansion of insurance coverage for both screening and treatment,
and ongoing robust research to quantify the societal costs and savings of comprehensive interventional keratoconus
management.
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