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Experience with crosslinking in Mexican patients with 
keratoconus and keratometric values as prognostic factors of 
visual acuity
Experiencia con crosslinking en pacientes mexicanos con queratocono y variables 
queratométricas como factores pronóstico de agudeza visual
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Abstract

Objective: The present study aimed to report the outcomes of patients with progressive keratoconus who were treated via 
conventional crosslinking (CXL). Method: This retrospective study included 277 eyes of 144 patients with progressive kerato-
conus who underwent CXL. Topographical measurements were obtained preoperatively and twelve months postoperatively. 
The best corrected visual acuity (BCVA), flat keratometry (K) value (K1), steep K value (K2), average K value (avgK), K1 axis, 
K2 axis, pachymetry value and cylindrical value were the studied measures. Results: At the 12-month follow-up, the mean 
BCVA values were improved. Statistically significant decreases in K1 (p = 0,001), K2 (p = 0.000), K1 axis (p = 0.000), K2 axis 
(p = 0.004) and avgK (p = 0.025) were observed. The correlation analysis revealed that the preoperative BCVA, K1, K2, K2 
axis, avgK and cylinder as well as postoperative K1, K2, avgK and cylinder values significantly affected visual acuity at the 
12-month follow-up. Conclusions: CXL was an effective treatment to improve best corrected visual acuity. The preoperative 
and postoperative K values, preoperative BCVA had a statistically significant correlation with BCVA at 12 months after CXL 
treatment.
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Resumen

Objetivo: El objetivo del estudio fue describir los resultados visuales y queratométricos de pacientes con queratocono some-
tidos a tratamiento con crosslinking (CXL). Método: Estudio retrospectivo de 277 ojos de 144 pacientes con queratocono 
progresivo que se sometieron a CXL. Se obtuvieron mediciones topográficas antes del procedimiento y 12 meses después. 
La agudeza visual corregida (AVC), la queratometría más plana (K1), la queratometría más curva (K2), el promedio de la 
queratometría (Kprom), el cilindro, el eje de K1, el eje de K2 y el valor paquimétrico del punto de la córnea más delgado 
fueron las variables evaluadas. Resultados: A  los 12 meses de seguimiento, los valores de AVC mejoraron. Hubo disminu-
ciones estadísticamente significativas en K1 (p = 0,001), K2 (p = 0.000), eje de K1 (p = 0.000), eje de K2 (p = 0.004) y Kprom 
(p = 0.025). El análisis de correlación mostró que la AVC, la K1, la K2, el eje de K2, el Kprom y el cilindro preoperatorios, así 
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Introduction

Keratoconus is a bilateral, asymmetric and degenera-
tive cornea disease with an unknown etiology, character-
ized by a progressive anterior protrusion of the corneal 
surface and apical thinning of the stroma, which leads 
to important visual morbidity1. The procedure known as 
cross-linking (CXL) produces a covalent bond between 
individual collagen fibers in order to increase anterior 
corneal stroma rigidity, and it is considered one of the 
most effective treatment modalities to stop or delay kera-
toconus progression2-4. In this treatment, there is a pho-
tochemical reaction between riboflavin (vitamin B2) and 
ultraviolet-A light (UVA); riboflavin acts as a photosensi-
tizer to induce collagen fibers cross-linking and as a 
shield to protect the other intraocular structures from 
UVA damage5. CXL, by altering the shape and structure 
of the cornea, can get to improve visual acuity6.

On the other hand, CXL is known to be able to help 
reduce baseline keratometric values. However, chang-
es in the cornea in the postoperative period have not 
been fully elucidated and require further study2-4. Even 
when previous studies have assessed biomechanical 
and clinical changes in this regard, the effects of 
these changes on visual acuity remain to some extent 
uncertain7. This study aimed to evaluate the results at 
12 months in patients with progressive keratoconus 
treated with CXL and to determine the correlation be-
tween the studied variables.

Method

This retrospective study was approved by the local 
ethics committee and followed the guidelines of the 
Declaration of Helsinki. 

Progressive keratoconus was defined as an in-
crease in maximum keratometry (K) of at least 1.00 
diopter and loss of at least two lines of visual acuity 
in the course of one year. Patients with delayed epi-
thelial healing, with a corneal pachymetry of less than 
400 microns, pregnant or breastfeeding woman, with 
a history of corneal surgery or chemical burn were 
excluded from the study.

All patients underwent CXL, which consisted of the 
following procedure: first, topical tetracaine was ad-
ministered, 8.0 mm of central epithelium were re-
moved with the use of a spatula and then riboflavin 
(0.1% in 20% dextran solution) was topically adminis-
tered every 3 minutes for 15 minutes. The cornea was 
centered and was exposed to a UVA-emitting source 
at a power of 3 mW/cm2 and a wavelength of 370 nm 
for 30 minutes (Lightmed USA Inc., San Clemente, 
California, USA.). Isotonic riboflavin administration 
was continued every minute during UVA exposure. 
After treatment, the surface of the eye was washed 
with 20 ml of balanced saline. At the end of the pro-
cedure a combination of antibiotic and topical lubri-
cant was administered, and a soft contact lens was 
placed. The use of this contact lens was discontinued 
after epithelial defect closure.

Visual acuity was determined using the Snellen 
chart, and subsequently, conversion to logMAR units 
was carried out for statistical analysis. Visual capacity 
of all patients was recorded before the procedure and 
at 12 months of having been performed.

Prior to the operation and also 12 months after the 
procedure, the following topographic measurements 
were obtained using a CT-1000 corneal topographer 
(Towa Medical Instruments, Co., Ltd., Nakano, Na-
kanoshi Nagano, Japan): flattest keratometry value 
(K1), K1 axis, steepest keratometry value (K2), K2 
axis, average keratometry (avgK), cylindrical value 
(topographic astigmatism) and corneal thinnest area 
thickness (pachymetry) using an ultrasonic pachym-
eter (Pachmate DGH 55, DGH Technology, Inc., Ex-
ton, PA, USA).

Statistical analysis

The SPSS software (version 21; IBM SPSS Statis-
tics, Chicago, IL, USA) was used for statistical analy-
sis of the results, which are presented as the mean ± 
standard deviation for continuous variables. Paired 
Student’s t-test was used for means comparison and 
a correlation analysis was carried out to obtain Pear-
son’s correlation coefficient. A p-value < 0.05 was 
regarded as statistically significant.

como la K1, la K2, el Kprom y el cilindro posoperatorios, afectan significativamente la agudeza visual a los 12 meses de se-
guimiento. Conclusiones: El CXL es un tratamiento eficaz para mejorar la AVC a 1 año de seguimiento en el grupo de pa-
cientes estudiados. Los valores de K preoperatorios y posoperatorios, y la AVC preoperatoria, se correlacionan de forma 
significativa con la AVC a los 12 meses de la aplicación del CXL.

Palabras clave: Córnea. Queratocono. Riboflavina. Rayos ultravioleta. Crosslinking. Agudeza visual.
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Results

Two-hundred and seventy-seven eyes of 144 pa-
tients (70 women and 74 men; mean age: 27.03 ± 8.65 
years) with progressive keratoconus that underwent 
CXL between July 2009 and January 2015 at Oftal-
mología Garduño, Ophthalmology Clinic of the City of 
León, Guanajuato, Mexico, were included.

Corrected visual acuity (CVA) showed a statistically 
significant improvement at the end of follow-up, com-
pared to preoperative visual acuity (p = 0.000).

Preoperative pachymetry was on average 477.95 
(±  45.05). Postoperative pachymetry was not mea-
sured. The results of keratometric variables preopera-
tively and at the end of the follow-up are summarized 
in table 1 and in figures 1 to 5. The only variable that 
showed no statistically significant differences between 
preoperative and postoperative periods was the cylin-
der value (p = 0.068).

Table  2 summarizes the results of the correlation 
analysis. CVA, K1, K2, the K2 axis, avgK and cylinder 
preoperative values, as well as K1, K2, avgK and cyl-
inder postoperative values, significantly affect visual 
acuity at 12 months of follow-up. 

Discussion 

In this study, the factors that affect visual acuity 
after 12 months of follow-up were analyzed in pa-
tients treated with CXL for progressive keratoconus, 
and CVA, K1, K2, K2 axis, avgK and cylinder pre-
operative values, as well as K1, K2, avgK and cyl-
inder postoperative values, were observed to have 
significant effects on final visual acuity. In particu-
lar, visual acuity was significantly improved after 
treatment.

Although no statistically significant differences 
were observed between preoperative and postopera-
tive cylinder values, differences were identified in 
other values, including keratometry parameters, and 
many of the studied variables affected visual capacity 
at the end of the follow-up period, except for preop-
erative K1 axis, postoperative K1 and K2, age and 
pachymetry.

The fact that a negative correlation was observed 
between preoperative K2 axis values and visual acuity 
stands out; in other words, lower K2 axis preoperative 
values ​​were associated with better visual acuity at 12 
months of follow-up. On the other hand, no correlation 
was observed between pachymetry and final visual 
acuity.

Furthermore, the correlations between final visual 
acuity and variables such as preoperative CVA, pre-
operative K1 and K2, preoperative K2 axis, postopera-
tive K1 and K2, preoperative and postoperative avgK 
and cylinder were positive.

Corneal collagen CXL increases corneal biome-
chanical stability and is the preferred treatment for the 
management of progressive keratoconus8. McAnena 
and O’Keefe9 described the visual, refractive and top-
ographic results following CXL in pediatric patients 
with keratoconus, and reported improvements in CVA 
and maximum K, as well as stable minimum K and 
avgK values at one year. Sedaghat et al.10 also re-
ported statistically significant improvements in visual 
capacity and uncorrected acuity during a 1-year follow 
-up after CXL, together with a significant decrease in 
keratometry values and corneal apex thickness.

Table 1. Differences between preoperative and postoperative 
values of the different studied variables

Preoperative 
values

Posoperative values 
(12 months)

p

CVA (logMAR) 1.12 (± 0.44) 0.18 (± 0.12) 0.000

K1 (D) 45.41 (± 3.53) 45.38 (± 3.88) 0.001

K2 (D) 50.36 (± 5.60) 50.02 (± 4.51) 0.000

K1 axis 168.65 (± 50.02) 153.96 (± 58.83) 0.000

K2 axis 99.01 (± 44.47) 104.09 (± 52.33) 0.004

Average K (D) 47.82 (± 5.13) 47.60 (± 5.23) 0.025

Cylinder (D) 4.94 (± 2.55) 4.64 (± 2.80) 0.068

CVA: corrected visual acuity; logMAR: logarithm of minimal angle resolution; K1: flattest 
keratometry value; K2: steepest keratometry value; D: diopters.

Preoperative CVA Postoperative CVA

Figure 1. Box plot showing corrected visual acuity (CVA) values pre-
operative and postoperative distribution.
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Hashemi et al.11 compared the results at 6 months 
of treatment with accelerated collagen CXL and with 
the standard modality for progressive keratoconus, 
and observed that average changes in uncorrected 
visual acuity and CVA, as well as average decrease 
in maximum K and avgK values, did not statistically 
significantly differ between both groups.

Postoperative K1Preoperative K1 Preoperative K2 Postoperative K2

Figure 2. Box plot showing the flattest keratometry values (K1) and 
steepest keratometry values (K2) preoperative and postoperative dis-
tribution in diopters.

Preoperative K1 axis Postoperative K1 axis Preoperative K2 axis Postoperative K2 axis

Figure 3. Box plot showing the flattest keratometry axes values (K1) 
and the steepest keratometry axes values (K2) preoperative and post-
operative distribution in diopters.

Figure 5. Box plot showing average keratometry values (avgK) preop-
erative and postoperative distribution in diopters.

Preoperative avgK Postoperative avgK

Preoperative cylinder Postoperative cylinder

Figure 4. Box plot showing cylindrical values preoperative and post-
operative distribution.

Table 2. Results of the correlation analysis between the different 
studied variables and postoperative corrected visual acuity at 12 
months

CVA 12 months r p

Age 0.06 0.47

Preoperative CVA 0.38 0.000

Preoperative K1 0.20 0.001

Preoperative K2 0.30 0.000

Preoperative K1 axis ‑0.03 0.54

Preoperative K2 axis ‑0.15 0.03

Postoperative K1 0.17 0.009

Postoperative K2 0.28 0.000

Postoperative K1 axis ‑0.07 0.29

Postoperative K2 axis ‑0.04 0.47

Preoperative avgK 0.27 0.000

Postoperative avgK 0.23 0.000

Preoperative cylinder 0.25 0.000

Postoperative cylinder 0.21 0.002

Pachymetry ‑0.11 0.66

CVA: corrected visual acuity; K1: flattest keratometry value; K2: steepest keratometry 
value; avgK: average keratometry.
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Berger et al.12 reported average keratometry and 
CVA stabilization in a boy after 12 months’ follow-up 
after being treated with CXL. In addition to these re-
sults being similar to ours, they also support the con-
cept that CXL has effects that limit keratoconus 
progression.

Elbaz et al.13 retrospectively studied the efficacy of 
accelerated CXL in 16 eyes with keratoconus, and 
reported the efficacy of this procedure in topographic 
parameters stabilization, including K1, K2, avgK and 
corneal astigmatism, after 12 months of follow-up. 
Mita et al.14 assessed the efficacy of accelerated CXL 
in 39 eyes and also observed a significant improve-
ment of uncorrected visual acuity and maximum K at 
6 months of treatment.

A fact that is worth highlighting is the positive cor-
relation we found between preoperative K2 axis and 
final CVA, which has not been reported, as far as we 
know, in other studies. This finding justifies further 
evaluation and to be corroborated with future 
studies.

On the other hand, maximum keratometric value 
has been considered a key topographic indicator of 
CXL success, and it has been reported to be stable 
or decreased after CXL in some studies14-16. This pa-
rameter was not assessed in our study, with this being 
one of its limitations.

Currently, available information on factors that affect 
CXL result is limited. The fact that Toprak et al.17 have 
reported that, in patients with progressive keratoco-
nus, baseline age, visual acuity and pachymetry are 
factors that influence CXL treatment success stands 
out. In contrast, we did not find that age affects final 
visual acuity.

In their study, using CXL accelerated technique, 
Kirgiz et al.18 found no statistically significant differ-
ences between preoperative and postoperative kera-
tometric values measurement, unlike us. The results 
of the correlation analysis of their study are similar to 
those found by us.

De Angelis et al.19 reported a significant improve-
ment in 1-year postoperative CVA, but not a significant 
change in maximum K. They also observed that a 
lower preoperative visual acuity, high refractive astig-
matism and advanced keratoconus are predictive fac-
tors of better CVA. Our results agree with theirs. In 
this sense, we observed that there is a positive cor-
relation, for example, with the K2 value and the cylin-
der value, but not with preoperative CVA, which also, 
according with our findings, tends to positively cor-
relate with postoperative CVA.

As regards other limitations of our study, we can 
first point out the lack of a control group and random-
ization, and the prospective design. It also did not take 
into account some other topographic variables that 
could be correlated with the functional outcome of the 
procedure in the short and long term, such as anterior 
and posterior symmetry indices, or maximum kerato-
metric value by topography, among others. Maximum 
K, as mentioned earlier, is an important variable to 
assess CXL treatment success.

On the other hand, keratometry values ​​were sig-
nificantly associated with the visual result, but the 
study of other characteristics or intervening or con-
fusing variables that could explain visual improve-
ment is required. Attributing the change in visual 
acuity to keratometric changes is something that 
cannot be fully supported by the results obtained in 
our study. Larger and randomized studies are need-
ed, with control groups, taking into account confusing 
variables and with longer follow-up periods, in order 
to better define the factors that affect the CXL 
results.

In conclusion, CXL was an effective treatment to 
improve CVA by inducing corneal flattening in this 
series of consecutive cases of Mexican patients, with 
an improvement in visual capacity.
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