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Abstract
Background: We report a well-documented cases of progressive corneal flat-
tening and visual improvement after epithelium-off corneal cross-linking (epi-
off CXL) for keratoconus with long-term follow-up.
Case report: Two young men reported with deterioration of vision and  
diagnosed keratoconus few months earlier. Corneal tomography confirmed 
the previous diagnosis. Considering the age of the patients it was decided to 
perform epi-off CXL in both eyes. Based on several years of observation, no 
progression of the disease has been observed. In both cases, good visual acuity 
is maintained, what is unexpected the reduction in the maximum keratometry 
reading is still flattening also corneal thickness is reduced.
Conclusion: Continuous long-term flattening and corneal thinning after cor-
neal cross-linking seems to be unpredictability in some cases. Our report high-
lights the importance of long-term evaluation of crosslinking techniques.
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H i g h l i g h t s
The corneal cross-linking 

treatment has proven 
effectiveness in inhibiting the 

progression of keratoconus, but 
its long-term effects on visual 

acuity and flattening of the 
cornea cannot be prediced.
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Introduction
Keratoconus (KC) is a  non-inflammatory, progressive, 
chronic corneal disease that leads to loss of corneal stiff-
ness causing steepening, thinning and irregularity leading 
to significant deterioration of vision [1]. The disease begins 
at puberty and progresses through the third–fourth decades 
of life. Most affected patients are males [2, 3]. The main risk 
factors for the disease include genetic factor [4, 5], atopy [6] 
and eye rubbing [7, 8]. 
The prevalence of KC depends on geographical zones, age 
and classification and varies from 1/223 in USA [9] to 1/10 
in Greece [10] based on the latest data. According to recent 
reports, the incidence of the disease in the adult Polish pop-
ulation is 549 per 100,000 [11].
The development of diagnostic tools allows the diagnosis of 
the KC at early stage of advancement than before. The gold 
standard in KC diagnosis is corneal tomography. Currently 
available anterior segment OCT (AS-OCT) with high res-
olution [12] allowing the separation of the thickness of the 
corneal epithelium. Focal thinning of the corneal epithelium 
coinciding with the steepest point of the cornea is the first 
sign of change towards KC preceding a decrease in visual 
acuity [13]. Another early KC sings is inter-eye asymmetry 
in keratometry, pachymetry and refraction [14]. 
A well-documented method of corneal stabilization is the 
corneal cross-linking procedure (CXL) [15–17]. The proce-
dure consists of soaking the corneal tissue with vitamin B2 
– riboflavin and exposing it to UV-A  light (wavelength of 
365 nm). New connections between the amino groups re-
sulting from photopolymerization increase the stiffness and 
mechanical resistance of the cornea [18].
Is still unknown when the procedure fail, how cornea will 
change during the long period of time, and which preopera-
tive parameters may help us to predict final effect [19].
As shown by recent reports presented during the ARVO 
2024 conference, by Hwang et al. only 1.2% of keratoconic 
eyes required either repeat treatment or corneal graft sur-
gery, but the CXL procedure’s failure was more likely to oc-
cur with allergies, atopic disease in the patient history [20].

We have to remember that CXL procedure is used to stop 
progression of the KC and strength cornea, it is our goal.
There are some long-term studies, they confirms stabili-
zation of KC after CXL with improvement in keratometry 
which was maintained at 10 years [21].
The CXL treatment has been around since 2003, recent 
years have brought us many CXL options and CXL devices, 
but we still must learn and observe results, especially the 
long-term effects, they may be excessive, as in our two cases, 
but rarely the treatment may failure.
The challenge is to diagnose the disease at the earliest pos-
sible stage and implement appropriate treatment and main-
taining good quality of vision.
The aim of the article was to present unexpectedly excessive 
long-term functional results based on keratometric meas-
urements, spherical and cylindrical equivalent values, and 
visual acuity in patients with KC after the use of the acceler-
ated epi-off CXL technique.

Case 1.
19-years-old man came to the clinic Optegra Poznań in 
2018 with deterioration of vision, especially in right eye and 
KC diagnosed 3 months earlier. 
Visual acuity was 0.9 cc sph +1.75, cyl -2.50 ax 72° on right 
eye and 1.1 cc sph +0.50 cyl -0.50 ax 90° on left eye.
Ophthalmological examination revealed no abnormalities 
on posterior pole. Based on corneal tomography performed 
on WaveLight Oculyzer II (Alcon) KC in both eyes was di-
agnosed, more advanced in right eye (fig. 1).
Corneal cross-linking was performed in accordance with 
the accelerated protocol (epi-off procedure, 12 min of irra-
diance) [22, 23] in both eyes 2 and 3 months later. After CXL 
topical antibiotics, steroids and a bandage lens were applied. 
No complications were recorded.
During follow-up visits parameters like: steepest keratome-
try (Kmax), central corneal thickness (CCT), visual acuity (VA) 
and manifest refraction in Snellen notation (Rx, sph/cyl/axis) 
and corneal tomography were analyzed (tab. 1). 
 

CASE 1
 Right eye Left eye
 Kmax CCT VA Rx Kmax CCT VA Rx
Pre-op 54.7 460 0.9 +1.75/-2.50/72 46.1 501 1.1 +0.50/-0.50/90
CXL Right eye / Left eye
1-year post-op 51.2 402 0.9 +1.25/-1.00/68 45.2 444 1.0/1.1 plano
2 years post-op 45.3 384 0.9 -0.25/-0.75/5 42.5 425 1.1 plano
3 years post-op 44.4 381 0.9 0.00/-0.50/25 42.3 420 1.1 +0.75/0/0
4 years post-op 43.6 391 1.1 plano 42.3 422 1.1 plano

TABLE 1

Case 1. Analysis of selected pre-op and post-op parameters of the cornea, visual acuity and refraction of both eyes.
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in keratometry, increase anterior and posterior elevation. 
High, stable visual acuity is maintained (fig. 2, 3). 

Case 2.
23-years-old men came to the clinic Optegra Poznań with 
diagnosis of KC. 
Visual acuity was 0.8 cc sph 0.00, cyl -1.50 ax 70° on right 
eye and 1.1 cc sph +0.50 cyl -1.00 ax 90° on left eye. 
Ophthalmological examination revealed no abnormalities. 
Corneal tomography performed on WaveLight Oculyzer II 
(Alcon) confirmed the diagnosis of KC in both eyes, more 
advanced in the right eye (fig. 4). Corneal cross-linking 
(epi-off procedure, 12 min of irradiance) was performed in 
the right eye, 1 month later in the left eye. Standard post-
operative care was applied. No postoperative complications 
were reported.

FIGURE 1

Case 1. Preoperative exam. Axial curvature (front) map 
WaveLight Oculyzer II, right/left eye.

FIGURE 2

Case 1. Axial curvature (front) map Pentacam (Oculus). 
Compare map 2 years and 4 years postoperative exam.  

Right eye.

FIGURE 3

Axial curvature (front) map Pentacam (Oculus). Compare map 
2 years and 4 years postoperative exam. Left eye. 

FIGURE 4

Case 2. Preoperative exam. Axial curvature (front) map 
WaveLight Oculyzer II, right/left eye.

Selected tomographic data and visual acuity data has been 
collected in table 2.
During the 5-year observation period, the corneal epithe-
lial profile changed, especially in the more advanced eye, 
the right one. Further corneal flattening (7.3 D and 3.2 D in 
the right and left eye) and stable visual acuity are observed 
(fig. 5–12).
The cornea was clear without opacity postoperatively. 

Discussion
CXL is a  procedure initiated in 2003, which significantly 
changed the prognosis in the case of KC. A few years after 
the procedure was popularized, the percentage of patients 
requiring corneal transplantation due to cornea decreased 
significant [24]. According to The Global Consensus on 
Keratoconus and Ectatic Diseases in pediatric and young 
adults CXL should be performed as soon as possible after 
diagnosis, documentation clinical progression of disease is 
not mandatory. After the procedure, corneal parameters 
change and require constant observation.

Four years after the procedure, corneal flattening based 
on Kmax measurement is observed, respectively 10.5 D and 
3.8 D in right eye and left eye. There are no signs of disease 
progression such as: decrease in corneal thickness, increase 
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CASE 2
 Right eye Left eye
 Kmax CCT VA Rx Kmax CCT VA Rx
Pre-op 56.9 464 0.8 0.00/-1.50/70 47.9 489 1.1 +0.50/-1.00/90
CXL Right eye / Left eye
2 years post-op 53.4 460 1.0 0.00/-1.00/85 46.4 479 1.1 +0.50/-0.50/90
3 years post-op 52.0 461 0.9 +0.25/-1.25/65 46.3 472 1.1 +0.75/-0.75/90
4 years post-op 52.0 454 0.9 -0.25/-1.50/80 45.8 475 1.1 +0.50/-0.50/90
5 years post-op 49.6 458 1.1 +0.50/-1.50/90 44.7 461 1.1 +1.75/-1.25/100

TABLE 2

Case 2. Analysis of selected pre-op and post-op parameters of the cornea, visual acuity and refraction of both eyes. 

FIGURE 5

Case 2. Axial curvature (front) map Pentacam (Oculus). 
Compare map 2 years and 5 years postoperative exam.  

Right eye.

FIGURE 6

Case 2. Axial curvature (front) map Pentacam (Oculus). 
Compare map 2 years and 5 years postoperative exam.  

Left eye.

FIGURE 7

Case 2. Axial curvature (front) map MS-39 (CSO). Compare 
map 2 years and 4 years postoperative exam. Right eye.

FIGURE 8

Case 2. Axial curvature (front) map MS-39 (CSO). Compare 
map 2 years and 4 years postoperative exam. Left eye.
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FIGURE 10

Case 2. Epithelial map MS-39 (CSO). Compare map 2 years 
and 4 years postoperative exam. Left eye.

FIGURE 11

Case 2. Postoperative AS-OCT – cornea. Right eye.

FIGURE 12

Case 2. Postoperative AS-OCT – cornea. Left eye.

Kymionis et al. [26] was the first to report excessive flatten-
ing in only one eye of a KC patient who underwent CXL in 
both eyes, and with documented haze on AS-OCT. In our 
cases we didn’t observe haze that would explain so exces-
sive flattening.
Santhiago et al. reported two cases of progressive flattening 
after CXL, but both with a Kmax of 64 D. In our case, the pa-
tient 1 had a Kmax of 54.7 D (right eye) and 46.1 D (left eye), 
and patient 2 56.9 D and 47.9 D [27].
Seifert et al. [28] observed a tendency toward cornea thick-
ening beyond 5 years after CXL, up to 5 years post-CXL, 
the median thickness was reduced and almost returned to 
baseline after 10 years. Caporossi et al. also reported an in-
crease in corneal thickness during the 4-year postoperative 
period [29]. 
In our cases we observed CCT significant decreased after 
the CXL procedure. A minor process of thickness increase 
is observed in 3 of the 4 eyes discussed after 4–5 years after 
surgery. We need longer observation to clearly observe this 
trend.
Analyses of Wittig-Silva et al. indicated that pachymetry 
measured by ultrasound did not reveal changes in corneal 
thickness in 3-year follow-up [30]. In our group CCT was 
checked based on in Scheimplug imaging what can under-
estimates the corneal thickness [31]. 
Our observation is consistent with studies that suggest epi-
thelial regularization (i.e., the maximum–minimum epithe-
lial thickness difference is reduced) occurs after CXL [32, 
33]. This regularization might indicate an improvement 
of the condition. In the keratoconic eyes, Reinstein et al. 
reported that the corneal epithelium tends to be thinner 

Corneal flattening is well-described after CXL for KC, with 
a mean flattening of 1.6 D after one year and up to 3 D ob-
served after 5 years [25]. In our case 1 it was respectively 
10.5 D and 3.8 D in right eye and left eye, and in case 2, 
7.3 D and 3.2 D in the right and left eye.
The greatest flattening of the cornea occurred in the first 
2 years after the procedure. In the following years of obser-
vation, changes in the Kmax parameter decreased. A similar 
characteristic of the Kmax change over time, here stabiliza-
tion of Kmax in the period of 1 to 3 years after the proce-
dure, was observed in the study Nicula et al. [21]. In the 
cited study, inhibition of KC progression was noted in the 
10-year follow-up period. Our observations allow drawing 
conclusions from the 5-year follow-up period.

FIGURE 9

Case 2. Epithelial map MS-39 (CSO). Compare map 2 years 
and 4 years postoperative exam. Right eye.
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over the apex and thicker over the adjacent areas, after 
cross-linking this profile remain the same [33]. This could 
slightly mask flattening of the underlying stroma. 
It is worth to highlight that visual acuity of our patients stay 
maintained at very good quality. That’s why quick diagnosis 
prevents patients from lowered quality of vision.

Conclusion
KC is a disease that, in its early stages of development, de-
spite changes in refraction, may not reduce BCVA (best 
corrected visual acuity). Early diagnosis of the disease al-
lows the use of procedures whose effectiveness has been 
proven and maintaining good visual acuity. 
Some parameters such as corneal flattening and thinning 
changes for long time after CXL.
It would be of interest for patients and physicians to iden-
tify preoperative parameters that predict such flattening 
and how it changes visual acuity remain to be elucidated we 
need more study.

Figures: from authors’ own materials.
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