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ABSTRACT
Keratoconus is a degenerative structural disease
of the cornea. Progression leads to poor acuity
that is not easily correctable by standard means.
New treatments, such as collagen cross-linking,
lead to better long-term outcomes if performed
early in the disease course. Currently, children
in the USA are screened for acuity in school, but
not for keratoconus. Due to the severity of the
disease in children, we recommend topographic
screening in elementary schools as a way to
provide early detection and treatment.
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Keratoconus is a chronic progressive degenerative structural disease of the cornea that leads to
ectasia [1]. Recently the U.S. Food and Drug
Administration approved collagen cross-linking
(CCL), a nonsurgical intervention that
improves the tensile strength of collagen by
promoting fibrillin bonds, for the treatment of
progressive keratoconus [2]. CCL has been
available in Europe for nearly 10 years and has
been shown to be a safe and effective treatment
[3]. Long-term studies in pediatrics have shown
CCL to be optimal and most disease-stabilizing
when performed early in the course of the disease [4, 5]. The disease course is more aggresive
in children than in adults, and children are
more likely to have advanced disease at presentation (Krumeich’s classification grades: 1–4)
[1, 4, 6–8]. Keratoconus in a child may be prone
to oversight, as it rarely causes amblyopia;
however, it has been reported in children as
young as 4 years [9, 10]. In agreement with the
ideals of Corneal Ectasia Preferred Practice Pattern and the Pediatric Eye Evaluations Preferred
Practice Pattern of the American Academy of
Ophthalmology, we recommend early screening and treatment in pediatric patients due to
poor visual outcomes of unmanaged keratoconus and the known disease course [11, 12].
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This article is based on previously conducted
studies and does not contain any studies with
human participants or animals performed by
any of the authors.
The prevalence of keratoconus in adults is
reported to be 1 in 2000 (0.05%), although
many experts belief the true incidence is higher
[1]. In the pediatric population (age 0–17 years),
the prevalence of keratoconus is reported to be
0.16% based on the Intelligence Research in
Sight Registry (IRIS) of the American Academy
of Ophthalmology [13]. Incidence is likely
influenced by environmental and geographic
factors, such as high altitude and UV light
exposure, suggesting that particular individuals
exposed to these factors warrant extra care in
screening programs [14, 15]. Some ethnicities
are affected more than others, with studies
finding a higher incidence and often an earlier
disease onset among people in Asia and the
Middle East [16–18]. A pediatric study (age of
study participants 6–21 years) in Saudi Arabia
showed the incidence of keratoconus to be
4.79%, which is significantly higher than the
worldwide incidence in adults [19]. Additionally, a UK study showed 4.4-fold higher
increased incidence in Asian individuals (India,
Pakistan, Bangladesh) compared to the overall
population incidence [20]. The higher incidence found in these populations suggests the
role of both geography and genetics in the
predisposition to keratoconus.
Currently, children undergo visual acuity
testing at school under the guidance of The
National Center for Children’s Vision and Eye
Health and the National Association of School
Nurses [21]. However, subclinical keratoconus
in a child may not be detected with visual
acuity screening alone [22]. Commonly used
topographic instruments are able to distinguish
reliably between normal corneal topography
and subclinical keratoconus [23]. As an example
of a current organizational model for screening,
the Light for Sight Foundation based in
Switzerland conducts free keratoconus screening for all ages [24]. We propose that keratoconus screening using corneal imaging become
a standard of practice in elementary schools.
Children with subclinical keratoconus and
atopic diseases, such as pediatric asthma, hay
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fever, and atopic dermatitis (who are prone to
ocular allergy and subsequent keratoconus),
would particularly benefit from a screening
program [10, 23, 25]. Atopic pediatric patients
commonly manifest with allergic conjunctivitis, atopic keratoconjunctivitis, and vernal
conjunctivitis, which are risk factors for chronic
corneal inflammation, neovascularization, and
epithelial injury [10, 25]. These patients are at
risk for keratoconus secondary to constant irritation and eye rubbing, which may result in the
release of cytokines and apoptosis of keratocytes
in addition to mechanical trauma to the cornea
[25, 26]. These patients can experience acute
corneal hydrops secondary to rupture of Descemet’s membrane [10, 27]. Therefore, avoidance of eye rubbing and vigilance in the
management of seasonal allergies are crucial.
We would like to suggest that the National
Keratoconus Foundation (NKCF), perhaps in
conjunction with Children’s Eye Health and
Safety Awareness month in August, could use
their platform to raise awareness of the dangers
of eye rubbing via school outreach programs
[28, 29].
While placido-based topography using, for
example, such systems such as the Humphrey
Atlas 995 Topographer (Carl Zeiss AG, Oberkochen, Germany) and the TMS-4 Corneal
Topographer (Tomey USA, Phoenix, AZ, USA)
are validated options in keratoconus screening,
we would like to examine cost-effective platforms for screening in schools. The cost of corneal topographers varies depending on the
model (range \ $10,000 to [ $40,000). However, the cost of the device should not be a
prohibitive factor to the availability of screening. There are promising new technologies that
are affordable which could aid in screening.
One device screens for keratoconus using software on a smartphone camera [30]. This device
is affordable and requires no extra equipment,
thereby enabling eye specialists to evaluate
high-risk cases further. However, subclinical
cases could be missed due to the lower sensitivity of this device [30]. Other technologies use
input from a traditional corneal topographer to
process data; these have a very high sensitivity
([ 99%) [31]. Corneal topography measurements on both of these two devices can be
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completed by school nurses without the need
for optometric training. While a full economic
analysis is beyond the scope of this paper, utilizing cost-effective technologies that do not
require highly trained technicians will allow for
the implementation of keratoconus screening
in elementary schools. We would also like to
recognize that tomography using instruments
such as the Galilei (Ziemer Ophthalmic Systems, Port, Switzerland) system and OCULUS
Pentacam (OCULUS Optikgeräte GmbH, Wetzlar, Germany), which allow for both anterior
and posterior measurements of the cornea, may
be a superior method for fully evaluating keratoconus after the initial screening is complete.

CONCLUSION
In summary, current visual acuity screening
practices do not reflect the significance of keratoconus in the pediatric population or the
educational, health, and social implications of
visual loss in this population. We must consider
the benefits of corneal topographic screening in
elementary schools. At a minimum, children
living in areas of high elevation and/or high UV
exposure, children with atopy, and children
living in geographic areas with a high incidence
of keratoconus should be screened. Early
detection and disease stabilization will be possible through mass screening of keratoconus in
the pediatric population.
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