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Evolution on Keratoconus and Corneal Ectatic Diseases: Paradigms and Paradoxes

The first accurate description of keratoconus is reported to be the treatise on conical cornea published by  
Dr John Nottingham in London, in 1854. Interestingly, despite the limitations on the knowledge related to anatomy, 
biochemistry, and physiology of the eye, Nottingham’s seminal work described in detail many aspects of the 
epidemiology, clinical presentation, and treatment of corneal ectatic diseases are still accurate today.1 Important 
contributions were made by different authors, but with much less consistency and accuracy. In fact, as reviewed by 
Grzybowski and McGhee, ectatic corneal diseases (ECDs) were bewilderingly denoted by several different terms 
including hyperkeratosis, conical formed cornea, cornea conica, sugar loaf cornea, prolapses corneae, procidentia 
corneae, staphyloma pellucidum, staphyloma diaphanum, keratoconus among other terms.2

The introduction of refractive surgery in the early 1990s led to a sudden need for increasing knowledge related 
to keratoconus and ECDs. This has led to a continuous revolution on the understanding and management of 
such diseases.3-5 Along with significant paradigm shifts, novel paradoxes have been identified for the clinician 
when managing such diseases. In fact, we have proposed that ectasia may be referred as a novel subspecialty in 
ophthalmology, considering the relatively high number of patients and the specific technologies related to diagnosis 
and treatment.3 

A review of the PubMed literature on keratoconus finds 5,591 publications (PubMed search for “keratoconus” 
on 11th December, 2016). Prior to 1980, when modern refractive surgery was introduced, only 621 publications were 
found. Since then, an exponential increase is observed, so that over 40% of the articles were published in the last  
5 years (Graph 1). 

Editorial

Refractive surgery necessitated the need for earlier diagnosis of mild or subclinical forms of ECDs, as such 
cases are known to be at higher risk for progressive ectasia (keratectasia) after corneal procedures.6,7 More recently, 
newer therapeutic options, such as corneal crosslinking (CXL),=8 have also increased the requirement for both 
earlier and more accurate diagnosis of ectatic disease.4,5,9 The paradigm shift described by Seiler10 was based on the 
fact that less than 2 decades ago the management of ECD was more simplistic, typically limited to rigid contacts or 
penetrating keratoplasty.10 Novel treatments such as intrastromal rings were introduced to regularize the cornea,10 
along with other treatments such as topography-guided photorefractive keratectomy and phakic intraocular lens 
implantation,11 which may be combined to CXL.12-14 In addition, the improvement on techniques for deep anterior 
lamellar keratoplasty has also significantly changed the management of ECD.15-17 While in the past, the major goal 
of treatment was visual rehabilitation after visual loss has occurred, newer and evolving treatments should attempt 
to prevent visual loss before they occur. 

Clinicians are now faced with an increasing array of therapeutic options and treatment decisions need to be based 
on an accurate assessment of both patent needs, medical and anatomical findings, and environmental concerns.4,5,9 

Graph 1: Number of publications on keratoconus on PubMed
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One of the most important decisions is the consideration of therapeutic vs refractive elective treatments.18 In 
this context, patient and family education are essential for enabling conscious decisions. Additionally, the most 
important nonsurgical treatment measure is guidance not to rub the eyes,4,9 along with treatment of ocular allergy 
and optimization of ocular surface.19 Visual restoration should be first attempted with spectacles or contact lenses. 
Often requiring specially designed corneal or scleral lenses, contact lens fitting constitute the most effective treatment 
option.20 However, contact lenses provide visual restoration but do not prevent or slow disease progression.4,21 To 
prevent visual loss, CXL should be considered early in the disease process and ideally prior to changes on anterior 
corneal surface, which are associated with a reduction in spectacle acuity. At times, however, CXL can be associated 
with corneal haze and a mild reduction in best corrected vision.22 It is imperative, therefore, that a decision to proceed 
with CXL is made on solid grounds, based both on a firm diagnosis of keratoconus and documentation of ectasia 
progression. Thereby, documentation of ectasia progression has been considered as fundamental for determining 
the indication of CXL, which has been reviewed by Duncan et al.23 Paradoxically, if not indicated, we should not 
proceed with any surgery, but when indicated, one should not wait too long. Thereby, the difficulty lies in avoiding 
unnecessary intervention, while not delaying treatment in progressive cases or cases likely to progress.

Ectasia Susceptibility and Controversial aspects of Ectasia Diagnosis 

Ectasia progression after laser vision correction (LVC) occurs due to biomechanical decompensation of the cornea, 
which is related to the innate or inherent predisposition of the cornea and to the induced weakening caused by tissue 
removal. The impact from surgery is related to the number of lamellae that are severed during the procedure, being 
related to the residual stromal bed and to the percent of tissue altered.24-27 

In practice, screening for ectasia susceptibility involves not only identifying early or subclinical disease but 
also involves the concept that even a ‘‘normal’’ eye can undergo ectatic degeneration if stressed beyond certain 
biomechanical limits. This is somehow related to the continuum of glaucoma, which has a subsymptomatic phase 
which may be detected by advanced propedeutics.28

Evolution in corneal imaging involves the development of high resolution technologies and methods for 
representing and interpreting the generated data for improving clinical decision.29 Front surface corneal topography 
derived from placido-disk reflection images evolved into three-dimensional tomographic analysis, which measures 
both anterior and posterior corneal surfaces and full pachymetric characteristics.30 Additional advances on corneal 
imaging include segmental or layered tomography with optical coherence tomography or very high frequency 
ultrasound for epithelial,31,32 and Bowman’s layer thickness mapping.33 Clinical biomechanical assessment has 
the potential for identifying milder forms of ECD, along with characterization of the inherent susceptibility for 
ectasia progression.34,35 The Reichert Ocular Response Analyzer (Buffalo, NY, USA),36 and the Corvis ST (OCULUS 
Optikgeräte GmbH, Wetzlar, Germany) are noncontact tonometers (NCTs) that monitor corneal deformation during 
the NCT measurement.37 Interestingly, the integration of corneal tomography and biomechanical assessments have 
been proposed to detect mild ectasia as well as to characterize ectasia susceptibility.35,38

Eyes with normal front curvature (topometric) findings from patients with clinical ectasia detected in the fellow 
eye have been used to demonstrate the improved ability of advanced corneal imaging devices to detect mild ECD.39-41 

 Klyce42 referred to these cases to have forme fruste keratoconus,42 a term coined by Amsler43 in the early 1960s 
based on photokeratoscopy. However, while most of these cases are expected to have subclinical disease where 
the anterior surface remains uninvolved, some of these cases may be true unilateral ectasia cases.44 In fact, there 
is a consensus that true unilateral keratoconus does not exist, this is also a consensus that secondary or induced 
ectasia may occur unilaterally.4 These ideas are in agreement with the two-hit hypothesis, which considers an 
underlying genetic predisposition combined with external environmental factors, such as, eye rubbing and atopy.5 
For example, we reported two identical twins in which one of them, who admitted to have rubbed the eye during 
early adulthood, had very asymmetric ectasia with normal anterior curvature or topography in one eye and the 
other twin had normal topography in both eyes.45 A close to ideal study for assessing ectasia susceptibility may 
involve the analysis of the preoperative state of cases that developed keratectasia after laser in situ keratomileusis 
or other forms of ECD.34-36 This should also consider the surgical parameters which represent the impact from 
surgery on the cornea.46 Another limitation widely seen in studies involving diagnosis of keratoconus is the control 
population. Cases with stable corneas and long-term follow-up after LVC would provide a more robust population 
for the normal control group.39,46,47
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 Keratoconus and ECDs comprehend a very hot area for research and clinical interest. Considering the number 
of publications per year and per decade, we expect over 500 publications in the next year and that the number of 
published articles to duplicate within the next 10 years. We predict further advances on corneal imaging with further 
integration of technologies, along with an expansion on diagnosis into genetics and molecular biology. Also, novel 
less invasive modalities for CXL are expected to further improve our ability to help patients with such diseases.
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