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Purpose: To identify the definitions used for progressive kerato-
conus in the literature.

Methods: A systematic literature review aimed to identify the 
definitions used for “progressive keratoconus” in the published 
articles. A comprehensive search from January 2018 to May 2023 
was conducted across Cochrane Library, PubMed, Taylor & Francis, 
Web of Science, and other bibliographic databases at Oftalmosalud, 
Lima, Peru. The inclusion criteria were articles including patients 
with keratoconus without any previous surgical procedure and 
containing the definition of “progressive keratoconus” or “kerato-
conus progression” and a sample size greater than 10 eyes.

Results: A total of 221 articles were included for analysis. The 3 
most frequent parameters to define progression included data from 
anterior curvature, pachymetry, and refraction used in 97.8% (216/ 
221), 37.6% (83/221), and 32.1% (71/221) of the articles, respec-
tively. Specifically, the most frequent criterion used was maximum 
keratometry (Kmax), used in 85.5% (189/221) of the articles. 
Progression was assessed between 6- and 12-month follow-up in 
64.7% (143/221) of the articles. Data from posterior cornea were 
used in only 8.1% (18/221) of the studies. None of the studies 
included data from the corneal epithelium.

Conclusions: The present study demonstrates the lack of unified 
criteria to define progression of keratoconus and an underutilization 
of the technology described. It also shows that the single point Kmax 
measurement is the most commonly used criterion, followed by 
a change in refractive astigmatism and thinning at the thinnest 
pachymetric point.
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K eratoconus (KC) is an ectatic disease of the cornea,typically diagnosed during the second decade of life that 
tends to progress. 1 The progression of the disease will lead to

a change in the geometric, biomechanics, and refractive 
component of the cornea. 1–4

Topographically and tomographically, increased keratom-
etry, aberrations, corneal asphericity, elevation, and decreased 
thickness and pachymetric distribution are common findings in 
the progression of the disease. This is usually accompanied by 
worsening in visual acuity because of the increase of the 
refractive astigmatism and myopic component and/or loss of 
corneal transparency because of hydrops or corneal scarring. 3–5

Although more than 20 years have passed since the 
revolution of corneal crosslinking (CXL) 6 and the approval of 
the procedure for cases in which progression has been 
documented, there seems to be no homogeneity among the 
studies that define progression. 7–9 Considering that most 
scientific evidence comes from randomized studies and 
systematic reviews and meta-analyses, it is imperative to 
know what criteria are being used to define progression to 
arrive at clear definitions in the future to avoid selection bias 
among studies and to generate true meta-analyses without so 
much heterogeneity.

The aim of this study is to identify the definitions used 
for progressive keratoconus in the literature, as well to discuss 
the reasons behind the consistent adoption of these parameters 
and present possible areas of improvement for future studies.

METHODS

Search Strategy
A systematic literature review was performed after 

internationally recommended methodology to create a reliable 
and replicable summary of the best evidence available. The 
protocol was approved by the Scientific Ethics Committee of 
the Eye Institute Oftalmosalud, Lima, Peru, with the IRB # 
011. We searched in the following electronic bibliometric 
databases: Cochrane Central Register of Controlled Trials 
(CENTRAL, which contains the Cochrane Register of the 
Eyes and Vision Group); PubMed, using Medical Subject 
Headings terms and clinical queries; Taylor and Francis, Web 
of Science, and ClinicalTrials.gov.

We searched using the keywords “Progressive kerato-
conus” (all fields) OR “Keratoconus progression” (all fields) 
using dates through January 1st, 2018, to May 31st, 2023. 
The keywords were used to identify relevant articles with 
these terms appearing in the title or in the abstract. The 
reference list of the articles was also examined.

Types of Publication
The types of studies included were prospective com-

parative studies; prospective cross-sectional, observational
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studies; prospective case series studies; prospective case– 
control studies; retrospective comparative studies; retrospec-
tive consecutive nonrandomized studies; and retrospective 
cross-sectional studies. The inclusion criteria were articles 
including patients with keratoconus without any previous 
surgical procedure, having a sample size of at least 10 eyes, 
and that included a definition of “keratoconus progression” 
and/or “progressive keratoconus,” written in English lan-
guage, and published from January 1st, 2018, onwards.

Exclusion Criteria
Duplicated studies, those with a sample size of less than 

10 eyes, literature reviews, case reports, letters to the editor, 
comments to the editors, conference proceedings, protocols, 
studies including patients with previous surgical procedures, 
and studies lacking description of the definition of progressive 
keratoconus in the text and/or abstract were excluded.

Data Extraction
Two independent reviewers (M.A.H., C.L.) conducted 

the article selection and data extraction, with any disagree-
ments resolved through consensus between the reviewers or 
consultation with a third reviewer (L.I.). The extracted data, 
including authors, year of publication, year of the study, title 
of the study, journal of publication, purpose, type of study, 
sample size, and parameters used to define keratoconus 
progression and technology used, were entered in an Excel 
(Microsoft Corporation, Redmond, WA) spreadsheet for 
analysis. Rayyan was used for article selection, 10 and the 
Preferred Reporting Items for Systematic Reviews and Meta-
Analysis (PRISMA) statement used as a guide. 11

RESULTS
A total of 380 papers were selected for a full evaluation of 

which 158 were eliminated because they did not include the 
definition of progressive keratoconus in its methods and did not 
meet the inclusion criteria for analysis. In total, 221 articles were 
analyzed to identify the inclusion criteria that defined pro-
gressive keratoconus ( 12–231 ). An image of the PRISMA flow 
diagram has been included as Supplemental Digital Content 1, 
(see Supplemental Figure, http://links.lww.com/ICO/B765).

Table 1 shows the criteria used to define keratoconus 
progression in the analyzed studies. More than 30 different 
criteria were used to define KC progression and more than 52 
different cutoff points have been used to define progression. 
Criteria included data from visual acuity, refraction, corneal 
curvature, corneal elevation, corneal power, and pachymetry. 
The 3 most frequent parameters to define progression 
included data from anterior curvature, pachymetry, and 
refraction used in 97.8% (216 out of 221), 37.6% (83/221), 
and 32.1% (71/221) of the articles, respectively. Specifically, 
the most frequent criterion used was maximum keratometry 
(Kmax), used in 85.5% (189/221) of the articles. In the case 
of pachymetry, a decrease in the thinnest pachymetry was the 
most used criterion; in the case of refraction, the most used 
criterion was a change in refractive astigmatism.

About 8.1% (18/221) used data from the posterior 
cornea as a criteria for progression, 4% (9/221) used data 
from posterior curvature (being the posterior steep keratom-
etry [D] the most used variable), and 3.6% (8/221) used data 
from the posterior elevation map, the most used criterion was 
maximum posterior elevation. None of the studies included 
data from the corneal epithelium neither aberrometry to assess 
progression before CXL.

Tables 2 and 3 show cutoff values used to define 
progression for each parameter. There was a high variability 
related to the cutoff values used in all parameters. For anterior 
corneal curvature, the most used cutoff value for Kmax was 
a change equal to or above 1.0 D, followed by a change equal 
to or above 1.0 D in the steepest K; in the case of refraction, 
a change equal to or above 1.0 D in refractive astigmatism 
was the most used cutoff value; and in the case of 
pachymetry, the most used criterion was a change equal to 
or above 10 mm, followed by a change in the thinnest 
pachymetry equal to or above 5%.

About 83.7% (185/221) of the articles employed 
Scheimpflug imaging analysis to assess progression; from 
them, 6.7% (15/221) included data from the posterior cornea 
to define progression in their articles; 3.16% (7/221) of the 
articles employed anterior segment optical coherence tomog-
raphy; however, none used epithelial data to define pro-
gression before CXL. And 2.71% (6/221) used Corvi’s ST 
technology, but no biomechanical data were used to define 
progression before CXL. About 10.85% (24/221) of the 
articles did not specify the technology used.

About 7.2% (16/221) of the articles assess progression 
for less than 6 months. Most studies (64.7% [143/221]) assess 
progression between 6 months and 12 months of follow-up, 
and 5.88% (13/221) of the studies assess progression for 
12 months of follow-up; however, 22.6% (50/221) did not 
mention for how long progression was assessed.

Table 4 shows a subanalysis that includes only the 
prospective randomized studies (15/221) from this review. The 
most commonly used parameters to define progression before 
CXL include anterior curvature variables (100% [15/15] of 
cases), refraction (40% [6/25]), and pachymetry 26.7% [4/15]). 
Regarding anterior curvature, 60% [9/15] used Kmax, and 40% 
[6/15] used steeper K as variables, and the most commonly 
used cutoff point was .1D in both. Regarding manifest 
refraction, 33.3% (5/15) used astigmatism (with the cutoff 
point .1D), and 20% (3/15) used SE. Regarding pachymetry, 
the most commonly used cutoff point was .10 mm (13.3% [2/ 
15]). Of the 15 randomized studies included in this review, 7/ 
15 described the criteria for defining post-CXL progression; the 
rate of progression in these studies were 4.9%, 138 5.7%, 109 

7%, 67,139,140 11.1%, 110 and 10%. 144 The criteria to define 
progression in the articles that reported progression after CXL 
was a change in the Kmax; the cutoff value for the change 
was .1.0D for 3 articles, 109,110,144 .1.5D for 2 articles, 139,140 

and .2.0D in 2 articles. 67,138

DISCUSSION
This review shows that there is a lack of unified criteria 

to define progression before CXL, similar to our previous

Henriquez et al Cornea � Volume 44, Number 11, November 2025

1342 | www.corneajrnl.com Copyright © 2024 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2024 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

http://links.lww.com/ICO/B765


studies where we demonstrated a lack of consensus regarding 
the definition of subclinical keratoconus and forme fruste 
keratoconus. 232 More than 30 criteria have been used to 
define KC “progression” before CXL and more than 52 
different cutoff points have been used. Almost 20 years have 
passed since the insertion of corneal CXL indicated for 
“progressive” keratoconus and the lack of unanimity between 
definitions lead to high heterogeneity when conducting 
systematic reviews and meta-analyses, these being the studies 
with the greatest weight in the pyramid of scientific evidence.

In our review, the 3 most commonly used parameters 
were those related to keratometry, pachymetry, and refraction. 
In the case of keratometry, the most used parameter was the 
change in Kmax followed by the change in Steepest K; in the 
case of refraction, it was the change in refractive astigmatism,

and in the case of pachymetry, it was the thinning at the 
thinnest corneal point.

Kmax was used in 85.5% (189/221) of the articles 
analyzed 233–236 as a progression criterion before CXL. Of the 
15 randomized studies included in this review, 7/15 described 
the criteria for defining post-CXL progression; all included 
Kmax as a progression criterion after CXL. As it is widely 
known, Kmax is a single point reading, limited to the anterior 
surface, which has shown poor repeatability, especially in 
advanced keratometries. 233,236 There are some reports sug-
gesting different approaches to improve the repeatability and 
variability of this measurement, among them we can mention 
increasing the cutoff point to 1.51 D instead of 1. 0 D to 
detect a real change, 234 another approach would be the use of 
instantaneous curvature zone averages centered on Kmax

TABLE 1. Frequency of Parameters Used in Progressive Keratoconus Definition

Criterion Used to Define Progression Percentage of Articles That Use the Parameter

Visual acuity 23.1% (51/221)

Uncorrected visual acuity 5.4% (12/221)

Best corrected visual acuity 21.3% (47/221)

Manifest refraction (D) 32.1% (71/221)

Spherical equivalent 18.5% (41/221)

Astigmatism 23.1% (51/221)

Myopia 4.5% (10/221)

Refractive (D) 22.2% (49/221)

Spherical equivalent 7.2% (16/221)

Myopia 0% (0/221)

Astigmatism 18.5% (41/221)

Anterior curvature 97.8% (216/221)

Maximum keratometry (D) 85.5% (189/221)

Simulated keratometry (D) 3.2% (7/221)

Steepest keratometry (D) 10.8% (24/221)

Flattest keratometry (D) 7.7% (17/221)

Keratometry average (D) 5.4% (12/221)

Central keratometry (D) 1.8% (4/221)

Anterior radius of curvature (mm) 0.5% (1/221)

Anterior elevation (mm) 1.8% (4/221)

Maximum anterior elevation (mm) 0.9% (2/221)

Maximum elevation of anterior corneal surface adjusted to the BFSE (mm) 0.9% (2/221)

Posterior curvature 4% (9/221)

Flattest keratometry (D) 2.3% (5/221)

Steepest keratometry (D) 2.7% (6/221)

Keratometry average (D) 0.5% (1/221)

Posterior radius of curvature (mm) 0.9% (2/221)

Back optic zone radius. (mm) 0.5% (1/221)

Posterior elevation 3.6% (8/221)

Maximum elevation of corneal back surface (mm) 2.7% (6/221)

Maximum elevation of corneal back surface adjusted to the BFSB (mm) 0.9% (2/221)

BFSB 0.5% (1/221)

Pachymetry 37.6% (83/221)

Corneal thickness 11.8% (26/221)

Central corneal thickness 7.2% (16/221)

Minimum pachymetry 18.5% (41/221)

Corneal apex power 1.8% (4/221)

BFSB, best fit sphere back; BFSE, anterior best fit sphere elevation; D, diopter.
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with a radii ranging from 1.5 mm to 2.0 mm, 236 or the use of
5 repeated measurements instead of a single one 235 ; yet 
another approach would be the use of steepest K instead of 
Kmax for its better repeatability.

However, despite Kmax’s shortcomings, this measure 
is practical and universally used. Some of the possible reasons 
why single-point Kmax and 1 measurement instead of 
multiple measurements are still being used could be related 
to the lack of enough literature to confirm the proposed 
alternatives across platforms, the lack of commercially avail-
able tested tools, whether zonal Kmax or epithelial profile, for 
example, other reasons may include the fact that it is the

variable used in most prospective randomized studies (phases
3 and 4) and subsequently adopted by many insurance 
companies, and being the most significant change after CXL.

In our review, we also found that 65.61% (145/221) of 
the authors use a change in a single parameter to define 
progression and only 10.85% (24/222) use change in 2 
parameters to evidence progression, despite the global 
consensus of keratoconus suggests defining progression based 
in “at least 2” parameters. 237 Likewise, there is no consensus 
on the combinations used to define progression. In our 
review, the combination using keratometry and refraction 
data was the most used (35.74% [79/221]), followed by the

TABLE 2. Cutoff Values Related to Visual Acuity, Refraction, and Pachymetry Used as Inclusion Criteria to Define Progression

Criterion Cutoff Points Used for Each Criterion and Frequency of Use (%)

Visual acuity

UCVA ,1 line decrease: 2.3% (5/221); $1 line decrease: 3.2% (7/221)

BCVA ,1 line decrease: 3.6% (8/221); $1 line decrease: 17.6% (39/221)

Manifest refraction

Spherical equivalent $0.50: 11.8% (26/221); $1: 6.8% (15/221)

Astigmatism ,1: 0.9% (2/221); $1: 22.2% (49/221)

Myopia ,1: 1.4% (3/221); $1: 3.2% (7/221)

Refractive

Spherical equivalent $0.50D: 5% (11/221); $1: 2.3% (5/221)

Astigmatism ,1: 2.7% (6/221); $1: 15.78% (35/221)

Pachymetry

Thinnest pachymetry $2% decrease: 5.4% (12/221); $10 mm decrease: 6.3% (14/221)

Corneal thickness/CCT $2% decrease: 2.3%(5/221); $5% decrease: 4.1% (9/221); $10 mm decrease: 0.9% (2/221)

BCVA, best-corrected visual acuity; CCT, central corneal thickness; D, diopters; UCVA, uncorrected visual acuity.

TABLE 3. Cutoff Values Related to Curvature and Elevation Used as Inclusion Criteria to Define Progression

Criterion Cutoff Points Used for Each Criterion and Frequency of Use (%)

Anterior curvature

Maximum keratometry (D) ,1: 5.4% (12/221); $1 to ,1.5: 75.6% (167/221); $1.5: 4.5% (10/221)

Simulated keratometry (D) ,1: 0% (0/221); $1: 3.2% (7/221)

Steep keratometry (D) ,1: 1.8% (4/221); $1: 9% (20/221)

Flattest keratometry (D) ,1: 0.9% (2/221); $1: 6.8% (15/221)

Keratometry average (D) ,1: 0.9% (2/221); $1: 4.5% (10/221)

Central keratometry (D) ,1: 0.5% (1/221); $1: 1.4% (3/221)

Anterior radius of curvature (mm) $6.35: 0.5% (1/221)

Anterior elevation (mm)

Maximum anterior elevation (mm) $10: 0.9% (2/221)

Maximum corneal anterior elevation adjusted to BFSE (mm) $0.04: 0.9% (2/221)

Posterior curvature

Steepest keratometry (D) ,1: 1.8% (4/221); $1: 0.5% (1/221)

Flattest keratometry (D) ,1: 2.3% (5/221); $1: 0.5% (1/221)

Keratometry average (D) ,1: 0.45% (1/221); $1: 0% (0/221)

Posterior radius of curvature (mm) .5.15: 0.9% (2/221)

BOZR (mm) .0.1: 0.5% (1/221)

Posterior elevation

Maximum elevation of corneal back surface $2.5: 0.5% (1/221); $10: 2.3% (5/221)

Maximum elevation of corneal back surface adjusted to the BFSB (mm) $6.5: 0.9% (2/221)

BFSB $0.05: 0.5% (1/221)

BFSB, best fit sphere back; BFSE, anterior best fit sphere elevation; BOZR, back optic zone radius.
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combination that used data from keratometry and pachymetry 
(15.38% [34/221]). The global consensus suggests combina-
tions using anterior curvature, posterior curvature, and 
pachymetry, 237 whereas the United States Multicenter Clin-
ical Trial of Corneal CXL for keratoconus treatment 238 used 
combinations involving anterior curvature and manifest 
refraction.

The lack of consensus regarding the exact value of the 
cutoff point for each criterion is also demonstrated in our 
article. The most commonly used cutoff points were 
Kmax .1.0 D, refractive cylinder .1.0 D, and thinnest 
pachymetry .10 mm. It is important to highlight that these 
cutoff points may not discriminate between true change and 
noise. Another alternative to cutoff points for each parameter

is the use of one-sided confidence intervals 233 as does the 
Belin ABCD Progression Display (BADP), 233 which uses 
one-sided confidence intervals based in the variability/noise 
of the anterior, posterior, and pachymetric parameters.

In recent years, several methods have been described in 
the literature to evaluate and document progression in 
keratoconus. Newer imaging techniques allowed the detection 
earlier before visual loss occurs. An example is the BAPD 
display that has been shown to detect progression at a higher 
rate and earlier (4 to 7 months) than conventional parame-
ters. 169 It averages all data up to 3 mm concentric to the 
anterior (A) and posterior (B) parameters, and not a single 
point measurement, hence decreasing the impact of repeat-
ability. A and B are centered on the thinnest point, which is,

TABLE 4. Frequency of Parameters Used to Define Progressive Keratoconus in Prospective, Randomized Studies in the 
Preoperative Evaluation

Criterion Used to Define Progression Percentage of Articles That Use the Parameter Cutoff Values Used

VA 6.7% (1/15)

Uncorrected Va 6.7% (1/15) ,1 line decrease: 0% (0/15); $1 line decrease: 6.7% (1/15)

BCVA 0% (0/15) —

Manifest refraction (D) 40% (6/15)

Spherical equivalent 20% (3/15) $0,50: 13.3% (2/15); $1: 6.7% (1/15)

Astigmatism 33.3% (5/15) ,1: 0% (0/15); $1: 33.3% (5/15)

Myopia 13.3% (2/15) ,1: 6.7% (1/15); $1: 6.7% (1/15)

Refractive (D) 20% (3/15)

Spherical equivalent 0% (0/15) —

Myopia 0% (0/15) —

Astigmatism 20% (3/15) ,1: 6.7% (1/15); $1: 13.3% (2/15)

Anterior curvature 100% (15/15) —

Maximum keratometry (D) 60% (9/15) ,1: 6.6% (1/15); $1 to ,1.5: 53.3% (8/15); $1.5: 0% (0/15)

Simulated keratometry (D) 0% (0/15) —

Steepest keratometry (D) 40% (6/15) ,1: 6.6% (1/15); $1: 33.3% (5/15)

Flattest keratometry (D) 26.7% (4/15) ,1: 0% (0/15); $1: 26.7% (4/15)

Keratometry average (D) 0% (0/15) —

Central keratometry (D) 0% (0/15) —

Anterior radius of curvature (mm) 6.7% (1/15) ,6.35: 0% (0/15); $6.35: 6.6% (1/15)

Anterior elevation (mm) 0% (0/15)

Maximum anterior elevation (mm) 0% (0/15) —

MaxElev BFSE (mm) 0% (0/15) —

Posterior curvature 6.7% (1/15)

Flattest keratometry (D) 0% (0/15) —

Steepest keratometry (D) 0% (0/15) —

Keratometry average (D) 0% (0/15) —

Posterior radius of curvature (mm) 6.7% (1/15) .5.15: 6.7% (1/15)

Back optic zone radius. (mm) 0% (0/15) .0.1: 0% (0/15)

Posterior elevation 0% (0/15)

MaxElev of corneal back surface (mm) 0% (0/15) —

MaxElev adjusted to BFSB (mm) 0% (0/15) —

BFSB 0% (0/15) —

Pachymetry 26.7% (4/15)

Corneal thickness 20% (3/15) $2% decrease: 6.7% (1/15); $10 mm decrease: 13.3% (2/15)

Central corneal thickness 0% (0/15) —

Minimum pachymetry 6.7% (1/15) —

Corneal apex power 0% (0/15)

D, diopter; BFSE, anterior best fit sphere elevation; BFSB, best fit sphere back; MaxElev, Maximum elevation; MaxElev BFSB, Maximum elevation of anterior corneal surface 
adjusted to the BFSE; MaxElev of the corneal back surface.
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in theory, less variable (both in location and magnitude) upon 
multiple measurements than a curvature point, such as Kmax. 
It uses both anterior and posterior surfaces of the cornea, in 
addition to pachymetry. 169 The staging system is not limited 
to a specific commercial entity and can be incorporated in any 
tomographic imaging system. Nevertheless, despite all 
strengths shown by these new metrics, they need to be 
evaluated in meta-analyses.

On the other hand, our study shows an underutilization 
of technology, although 83.7% (185/221) of the articles 
employed Scheimpflug imaging analysis and 3.16% (7/221) 
of the articles employed AS-OCT to assess progression, only 
8.1% (18/221) of the studies used data related to posterior 
curvature, and none of the articles used data from corneal 
aberrations or epithelial thickness to define progression, 
showing that the heterogeneity among the definitions used is 
not based on the absence of technology capable of using them.

In conclusion, the present study demonstrates the lack 
of unified criteria to define progression of keratoconus and an 
underutilization of the technology described. It also shows 
that the single point Kmax measurement is the most 
commonly used criterion, followed by a change in refractive 
astigmatism and thinning at the thinnest pachymetric point.
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