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Abstract

Purpose. Corneal cross-linking (CXL) is an established treat-
ment for corneal ectasia, particularly keratoconus. The goal of 
the treatment is to stabilize the biomechanically weakened 
cornea, thereby halting further progression of the disease and 
preventing loss of visual acuity.

Material and Methods. CXL is based on a photo-oxidative 
process induced by riboflavin (vitamin B2) and ultraviolet 
A radiation (UVA, 365 nm), which causes the formation of 
covalent bonds between collagen molecules.

Results. The process depends on four main factors: riboflavin, 
UVA light, oxygen, and saturation of cross-linking. CXL has 
been shown to be an effective and safe treatment, which has 
led to a reduction in the need for corneal transplants for this 
condition in the past. The standard protocol does not primarily 
lead to an improvement in visual performance or refractive 
error because the reduction in higher order aberrations does 

not seem to be high enough. Thus, the combination with ex-
cimer laser treatments is a new approach to treat visual com-
plaints with sufficient clinical results where an improvement 
in visual acuity could be measured. Otherwise, the treatment 
can be customized with special irradiation patterns of the 
UVA light, resulting in a more pronounced flattening and 
therefore a stronger regularization of the corneal curvature. 

Conclusion. The primary purpose of these modifications is 
not to provide spectacle-free or contact lens-free vision, but 
to provide better vision with glasses or soft contact lenses, 
particularly in cases where rigid gas permeable contact lenses 
are not tolerated.
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Introduction

Corneal cross-linking (CXL) is an established method to 
treat keratoconus (KC), thereby halting the progression of 
the disease. The method was developed by Prof. Seiler and 
Prof. Spoerl and aimed to stabilize the corneal tissue regar-
ding an increase in biomechanical properties, e.g. stiffness. In 
the early stage of the development process different methods 
were investigated to increase the stiffness of the cornea such 
as photo-sensitizer and ultra-violet light type A (UVA), che-
mical solutions (e. g. glutaraldehyde), and aldehyde sugars 
(e. g. glucose).1 In these experiments, the technique using a 
photosensitizer (riboflavin) and UVA light was found to be 
most suitable for clinical application because it provided a 
sufficient increase in corneal stiffness, a localized treatment 
effect, a short treatment time, and maintenance of the cor-
neal transparency.1,2 In the following years, it was shown that 
the increasing effect in biomechanical properties depends 
on four main factors: 1) riboflavin, 2) UVA light, 3) oxygen, and 
4) saturation of the cross-linking.3

Corneal ectasia is characterized by a steepening in corneal 
curvature, thinning of corneal thickness, increasing myopia 
as well as irregular astigmatism leading to a loss of vision. 
The most common clinical manifestation are KC and pellucid 
marginal degeneration (PMD). KC in particular is a disease 
that often develops at a younger age, where it has an obvious 
negative impact on the quality of life.4,5 Due to the progres-
sive nature of the disease, it was the reason for the majority 
of corneal transplantations until the 2000s.6 The bulging of 
the cornea is attributed to the fact that the properties of the 
tissue are biomechanically weakened in terms of a reduced 
elastic modulus.7,8 The cycle of biomechanical decompensa-
tion in corneal ectasia is assumed to be as follows: First, there 
is a focally reduced elastic modulus within the cornea. This 
leads to the cornea exhibiting an asymmetric distribution of 
biomechanical properties, which is followed by a thinning pro-
cess of the tissue. This in turn leads to an increase of stress in 
this area and therefore causes a deformation (increased cur-
vature) of the cornea.9 However, it is unknown what the exact 
reason for the biomechanical weakening of the cornea is. The 
structure of collagen, the composition of proteoglycans and 
their binding to collagen fibers determine the biomechanical 
properties of the cornea. These factors have been shown to 
be altered in KC.10,11,12 As a consequence, cross-linking within 
the collagen and/or between individual collagen molecules 
must be impaired. 

CXL compensates for the structural disorder in corneal 
ectasia by forming new covalent bonds between collagen 
fibers, increasing the strength of the cornea to restore its 
adequate biomechanical stability.

Wollensak et al. published the first clinical results demon-
strating that riboflavin and UVA light based cross-linking 
stop the further progression of KC with little side effects or 
complications.2 In 2016, the treatment was approved by the 
Food and Drug Administration (FDA) in the USA for KC 13 and 
iatrogenic keratectasia after refractive surgery.14 Furthermore, 
the establishment of CXL as standard treatment in KC led to 
a reduction in rates of corneal transplantation.15 The relatively 

simple procedure and the significantly lower costs result in 
a highly lucrative treatment in comparison to corneal trans-
plantation, which has significant positive economic impact 
on national healthcare systems.16,17

Clinical indication of CXL  
in keratoconus

In Germany, the indication for CXL is progressive KC which 
was defined by the Federal Joint Committee (G-BA) delegat-
ed by the German Government. The definition of progression 
is stated as an increase in maximum keratometry value (Kmax) 
≥ 1 D, an increase in astigmatism in subjective refraction of 
≥ 1 D, or decrease of the base curve of the best fitting contact 
lens of ≥ 0.1 mm. If any of the three criteria are met, then there 
is an indication for CXL.

Standard CXL protocol

The standard CXL protocol (S-CXL (3*30)) also known as 
Dresden protocol was proposed using UVA irradiation of 
3 mW/cm² for 30 min.2 The procedure is usually performed 
in a sterile operation room, however, recent studies by Hafezi 
et al. have shown that it can also be performed at a slit lamp 
in a sitting position in the outpatient clinic.18 They showed 
there was no increased risk of complications.19 The corneal 
epithelium has to be removed (“epi-off” treatment) in local 
anesthesia before 0.1% riboflavin is applied to the cornea. 
After riboflavin has saturated the corneal stroma, a corneal 
thickness of at least 400 µm must be present in order to 
carry out the treatment according to the standard protocol. 
Otherwise, an adapted fluence must be applied to the cor-
nea.20 Afterwards, the cornea is irradiated with UVA light. 
Postoperatively, a soft therapeutic contact lens is applied 
until the re- epithelialization process is complete. After cor-
neal re- epithelialization, topical steroid treatment is given 
for 4 weeks.

There are many studies that have shown the safety and 
efficacy of the treatment in KC eyes with a long-term fol-
low-up.21,22,23 All these studies found a statistically significant 
improvement in topographic and aberrometric measures as 
well as in best-corrected visual acuity (BCVA), indicating a 
stability of the disease. A recent study by the Dresden group 
demonstrated the long-lasting treatment effect of 15 years 
with a small rate of re-treatments (8 %) or the necessity of 
corneal transplantations.24 It could also be confirmed that 
the improvement in topographic metrics was statistically sig-
nificant to baseline after 10 and 15 years, however, no further 
improvement occurred during the 10-, and 15-year period.24

The strongest evidence of treatment success comes from 
randomized controlled trials conducted in the past in Austral-
ia, the United States, and the United Kingdom.13,15,26 These 
studies reported a reduction of Kmax by −1.0 to −1.6 D in the 
CXL group, whereas the control group (untreated KC pa-
tients) increased by an average of +1.0 to +1.75 D. Also, visual 
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acuity improved compared to untreated eyes. During the 
study period, a progression of the disease was observed in up 
to 7 % of treated KC patients, while the untreated KC patients 
had progression rates between 14 % and 52 %, indicating high 
efficacy and safety of the CXL treatment.13,25,26

Accelerated protocols versus  
standard protocol

For clinical practice, the major disadvantage of the Dresden 
protocol is the long treatment time of 1 hour, which limits the 
patient’s comfort and the surgeon’s workflow. For this reason, 
a shorter treatment is desirable. To achieve this goal, the 
photochemical law of reciprocity (Bunsen-Roscoe law) was 
employed by decreasing the illumination time and increas-
ing the intensity of the UVA light, whereby the total energy 
of 5.4 J was not exceeded. Different accelerated protocols 
(A-CXL) were evaluated in experimental studies on porcine 
eyes using stress-strain extensometry, which confirmed an 
equivalent stiffening effect of shorter CXL protocols such 
as 9 mW/cm² for 10 min and 15 mW/cm² for 6 min in com-
parison to the S-CXL (3*30).27 Another study showed that 
the law of Bunsen-Roscoe reciprocity was valid up to 40 to  
50 mW/cm² with very short treatment durations of up to 
2 min.28 In contrast, Hafezi and co-workers showed that the 
Young‘s modulus was significantly lower at 10 % strain for 
A-CXL (9*10) as well as A-CXL (18*5) compared to the S-CXL 
(3*30).29 They concluded that the treatment efficiency was 
reduced due to the intrastromal oxygen diffusion capacity 
and increased oxygen consumption associated with higher 
irradiances. In another study using inflation tests and air-puff 
tonometry, the treatment efficacy of the S-CXL (3*30) was 
more pronounced compared to A-CXL protocols, however, 
the A-CXL (9*10) was not inferior concerning the stiffening 
increase compared to control eyes.30 Overall, the experimen-
tal results show that the A-CXL with 9 mW/cm² for 10 min 
leads to an adequate corneal stiffening effect, comparable 
to the S-CXL protocol. 

From a clinical point of view, a similar outcome for S-CXL 
and A-CXL (9*10) concerning BCVA, keratometry, and corneal 
thickness was found after 12 months in most of the prospec-
tive (randomized) trials.31,32 However, there were indications 
that S-CXL (3*30) generated more corneal thinning. Several 
meta-analyses that have been conducted, summarize these 
comparisons between standard and accelerated cross-linking. 
Wen et al. analyzed 11 trials showing a greater effect in terms 
of reduction of Kmax of the S-CXL than A-CXL protocol, 
while A-CXL induced less reduction in central corneal thick-
ness (CCT) and endothelial cell density (ECD) than S-CXL.33 
Another analysis included 22 studies with 1158 eyes, where 
A-CXL rendered less corneal thinning and S-CXL a deeper 
demarcation line and greater changes in minimum kerato-
metric values. The authors concluded that overall, S-CXL as 
well as A-CXL, provide successful results in the strengthen-
ing of corneal tissue.34 Considering only randomized trials, 
it was found that A-CXL showed a comparable efficacy and 

safety profile at the 12-month follow-up but had less impact 
on improving best spectacle-corrected visual acuity when 
compared with the S-CXL protocol. Overall, both methods 
stopped the disease progression to a similar extent.35

The Dresden group investigated the need for re-treat-
ments (failure rates) after S-CXL and A-CXL in a large data-
set.36 120 and 110 patients were included, who received S-CXL 
or A-CXL, respectively. The protocols were similar, except for 
the intensity and treatment time. The cumulative survival rate 
(Kaplan-Meier-Analysis) was 92.5 % and 86.4 % after 3 years, 
which was not statistically significant. The risk factors for 
re-treatments were a thinner preoperative thinnest corneal 
thickness, a higher preoperative Kmax, and the presence of 
neurodermatitis combined with other atopic diseases. The 
used protocol (S-CXL or A-CXL) did not have a statistically 
significant impact on progression after initial CXL. Therefore, 
the A-CXL (9*10) protocol has been proven to be an effective 
treatment for progressive KC, leading to a halt of progression 
and clinically equivalent outcomes.

The combination of CXL with  
excimer laser treatments

Despite improvements in visual acuity reported in previous 
studies, individual improvement in visual performance cannot 
be guaranteed. It should be noted that CXL treatment has 
only a small effect on uncorrected and spectacle visual acuity.

It has been shown that CXL leads to a flattening effect of 
the anterior corneal curvature of around 1.0 D in most studies. 
A partial reduction of high-order aberrations could also be 
observed,37 however, with less impact on visual acuity.37,38 As a 
result, rehabilitation of visual performance is still only possible 
via contact lenses or through further surgical interventions 
(e. g. intrastromal rings/ring segments). When fitting rigid 
gas permeable contact lenses (RGP) or scleral lenses visual 
performance can be raised to a satisfactory level compared 
to uncorrected visual acuity as well as to spectacle visual 
acuity.39 An important prerequisite for wearing RGP lenses, 
however, is patient compliance, which is not always given. 
The compliance problems but also the disease KC itself can 
furthermore affect the psyche of the patients.40

To address the vision problems of KC patients, CXL can 
be combined with refractive procedures such as transepi-
thelial photorefractive keratectomy (transPRK). The simul-
taneous use of both methods, initially the transPRK followed 
by the CXL, has advantages with regard to the lower burden 
on the patient and a lower risk of infection due to multiple 
operations. Such a procedure was first described by Kanel-
lopoulos and Binder (the Athens protocol).41 Recently, they 
reported their 10-year follow-up data of 144 eyes, in which an 
improvement in uncorrected and corrected decimal visual 
acuity from 0.19 ± 0.17 to 0.55 ± 0.19 and from 0.59 ± 0.21 to  
0.81 ± 0.19, respectively, could be demonstrated.42 In addi-
tion, steepest and maximal keratometry value decreased 
from 50.57  ±  2.80  D to 44.00  ±  3.22  D as well as from  
53.43 ± 2.97 D to 44.75 ± 2.14 D, respectively.42 This indicates 
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a strong regularization of the corneal curvature after the 
procedure, which also reduces the amount of high-order 
aberrations. Despite the safety and efficacy of the protocol 
(stabilization of the ectasia in 94.4 % of cases), the corneal 
thickness was reduced by around 73 µm, leading to a potential 
negative effect on the stability of the cornea.42

Alessio et al. were able to show that in a direct com-
parison between CXL as a standalone treatment and the 
combination of CXL and PRK, the uncorrected visual acuity 
in the CXL+PRK group improved significantly compared to 
the CXL standalone group: Keratometry metrics (steep, flat 
and maximum keratometry) and the inferior-superior index 
decreased significantly. As a result, the high-order aberrations 
and especially coma-like aberrations in the CXL+PRK group 
were significantly reduced compared to the CXL standalone 
process.43 In addition, the efficacy and safety of CXL and 
PRK combined procedures could be demonstrated in other 
studies.44,45,46 However, the previously described studies did 
not consider the altered epithelium thickness in KC eyes 
because it is usually thinned over the cone.47 An example is 
given in figure 1.

In the treatment planning of the transPRK (Schwind  
Amaris 750 S, Schwind eye-tech-solutions GmbH, Klein-
ostheim, Germany) using the Schwind Cam software (Schwind 
eye-tech-solutions GmbH, Kleinostheim, Germany), an ep-
ithelium thickness is reallocated with a central thickness of 
55 µm. However, the actual epithelium thickness is usually 
lower. This fact can be considered in the treatment planning, 
in which the values are corrected by real measured data from 
optical coherence tomography (with epithelium mapping). 
The ablation profile is then recalculated and an unneces-
sary ablation of stromal tissue can be prevented. Moreover, 
the Schwind Cam software enables calculations providing a 
minimal ablation of the tissue that can include only high-or-
der aberrations of both manifest refraction and high-order 
aberrations. To avoid further biomechanical weakening of 
the corneal tissue, the maximum ablation of 50 µm of the 
stromal tissue in the area of the cone should not be exceeded. 
The treatment is performed in an outpatient service under 

sterile conditions in an operating room. After cleaning the 
skin around the eye, a local anesthetic with proxymetacaine 
hydrochloride 0.5 % eye drops is administered, an eyelid 
speculum is applied and the patient is placed under the laser 
(Schwind Amaris 750 S). First, the laser ablation is performed 
with the help of the laser software. Then the cross-linking 
procedure begins with the instillation of riboflavin eye drops 
for 15 minutes, followed by UVA light irradiation according 
to the accelerated CXL protocol (9 mW/cm² for 10 minutes). 
The postoperative medication corresponds to that described 
above (see section Standard CXL protocol)

In the following, two cases of KC patients with combined 
treatments of CXL and transPRK are described.

Case 1

In July 2021, a 23-years-old female patient presented at the 
keratoconus KC clinic of the University Eye Hospital Carl 
Gustav Carus Dresden. She complained about headaches, 
vision problems during night driving, and hay fever. She had an 
unsuccessful RGP lens fitting due to an elevated foreign body 
sensation. The tomography (Pentacam HR, Oculus Optikger-
aete GmbH, Wetzlar, Germany) of the right eye was normal 
despite the decreased corneal thickness and the decentered 
location of the thinnest point. The uncorrected and best-cor-
rected visual acuities were 20/200 and 20/20, respectively, 
with a manifest refraction of +0.25 −1.00 × 070. On the left 
eye, a clinical KC was shown with BCVA of 20/30 and manifest 
refraction of +0.50 −3.50 × 095. At the 1-year follow-up (May 
2022), the patient had progressed by more than 1 D in the 
left eye, where a CXL treatment was indicated in June 2022. 
She received a combined treatment of transPRK and CXL 
using the 9 mW/cm² / 10 min protocol. For the laser ablation, 
only high-order aberrations were corrected based on corneal 
topography measurement (Keratron Scout; Optikon 2000, 
Italy) by using an ablation zone of 7 mm.

After treatment, the corneal topography showed a more 
regularized pattern with steep but regular astigmatism 

Figure 1: Overview of corneal tomogra-
phy (Anterion, Heidelberg Engineering, 
Heidelberg) of a male KC patient. The 
anterior curvature map displays the typi-
cal inferior steeping (upper left). Corneal 
thickness is reduced in the center (lower 
left). The posterior elevation map shows 
elevated values in the center (upper 
right). The epithelium thickness shows a 
central island surrounded by higher values 
of the epithelium thickness (lower right).



     OCL • Volume 4 • No. 3 • April 2024   | 5

New Developments in Corneal Cross-Linking for Keratoconus – Enhancing the Shape of the Cornea  •  Robert Herber and Frederik Raiskup

against the rule at 1 month, 6 months, and 12 months (fig-
ure 2). Topographic indices and root mean square of high- 
order aberrations were reduced after 1, and up to 12 months. 
The uncorrected visual acuity increased from 20/200  
to 20/60 after 12 months (table 1). In addition, BCVA in-
creased by 1 line after 12 months (table 1). At the 6-month 
follow-up, the patient was successfully fitted with a soft  
toric contact lens with a base curve of 8.6  mm, a power 
of −2.50 −3.75 × 085, and a diameter of 14.2 mm (Contact  
Individual Bio TD, Wöhlk Contactlinsen GmbH, Germany). 

Case 2

A 31-years-old male patient presented at the KC clinic of the 
University Eye Hospital Carl Gustav Carus Dresden in March 
2022. He complained about distorted vision which did strong-
ly affect his daily vision. Corneal tomography was normal in the 
right eye, where the uncorrected and best-corrected visual 
acuities were 20/25 and 20/20 (refraction Pl. −0.50 × 025), 
respectively. In the left eye, a symmetric bow-tie pattern (in 
44°) with increased central corneal curvature appeared in cor-
neal tomography with a decreased corneal thickness (thinnest 

point was 495 µm, figure 3, left). The uncorrected and BCVA 
was 20/400 and 20/30 (Rx −1.25 / −3.25 / 130°), respectively. 
A progression of the KC was observed in the left eye during 
the follow-up examinations, where a CXL procedure was 
indicated. The patient required better vision for professional 
reasons, as he wanted to become a truck driver.

The patient received transPRK and CXL treatment to 
correct refraction and high-order aberrations by the laser 
procedure. Postoperatively, a regularization of the anterior 
corneal curvature with a reduction in topography indices, 
corneal astigmatism, and root mean square of high-order 
aberrations could be shown (figure 4). Vision improved from 
20/400 to 20/25 and from 20/30 to 20/20 for uncorrected 
and BCVA after 12 months. The patient was satisfied with the 
spectacle correction (table 2).

In conclusion, the combination of CXL and transPRK is a 
promising technique for optimizing distorted vision in mild to 
moderate KC patients. The current indications for treatment 
are: Kmax below 55.0 D, stromal ablation in the cone area 
below 50 µm, and progression of KC. The procedure aims to 
stabilize the cornea and improve vision with glasses or soft 
contact lenses when RGP lenses are not tolerated. Specta-
cle-free or contact lens-free vision is not the primary goal.

Figure 2: Changes in axial anterior corneal 
curvature (Pentacam HR, Oculus Optik-
geraete GmbH, Wetzlar, Germany) after 
transPRK and CXL treatment for case 
1. Lower right: Difference map between 
12-months follow-up and baseline.

Table 1: Uncorrected (UCVA) and best-corrected (BCVA) visual acuity for case 1 (left eye) after transPRK and CXL treatment

UCVA Sphere Cylinder Axis (°) BCVA Correction

preoperative (day of surgery)  
June 2022

0.1 +0.50 −4.00 090 0.7 Spectacles

1 months postoperative  
(July 2022)

0.1 −1.25 -5.00 090 0.7 —

6 months postoperative  
(December 2022)

0.2 −2.50 −3.75 085 0.9 Toric soft contact lens

12 months postoperative  
(June 2023)

0.3 −1.00 −4.00 090 0.8 Toric soft contact lens
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Figure 3: Tangential curvature map of the anterior corneal sur-
face (left) measured with Keratron Scout (Optikon 2000, Italy) 
transformed to anterior corneal wavefront aberrations (right) 
that is used for laser treatment planning (tPRK) in the Schwind 
Cam software (Schwind eye-tech-solutions GmbH, Kleinostheim, 
Germany).

Figure 4: Pre- (upper left) and postoperative (upper right) 
comparison of anterior corneal curvature (Pentacam HR, Oculus 
Optikgeraete GmbH, Wetzlar, Germany) before and 12 months 
after transPRK and CXL treatment for case 2. Below is a list of 
the topographical indices provided by the Pentacam describing 
the abnormality of the corneal curvature: Center Keratoconus 
Index (CKI), Index of Height Asymmetry (IHA), Index of Height 
Decentration (IHD), Index of Surface Variance (ISV) und Index 
of Vertical Asymmetry (IVA), Inferior-superior difference (IS), 
Keratoconus Index (KI), KISA index, steepest corneal curvature 
(Rmin), Topographical keratoconus classification (TKC). The colors 
of the indices represent a classification of “abnormal” (yellow) and 
“pathological” (red). All these indices are reduced after treatment 
indicating a more regular shape of the cornea.

Tabelle 2: Uncorrected (UCVA) and best-corrected (BCVA) visual acuity for case 2 (left eye) after transPRK and CXL treatment

UCVA Sphere Cylinder Axis (°) BCVA Correction

preoperative (day of surgery)  
September 2022

0.05 −1.50 −4.00 125 0.7 Spectacles

1 months postoperative  
(October 2022)

0.4 +0.25 −2.50 048 0.8 —

6 months postoperative  
(April 2023)

0.7 −0.25 −0.50 068 0.9 Spectacles

12 months postoperative  
(September 2023)

0.8 +0.25 −0.75 120 1.0 Spectacles
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The customization of UVA light  
irradiation

The corneal (stromal) tissue is biomechanically weakened 
focally in KC, as mentioned above.9 This fact was also con-
firmed recently using Brillouin microscopy.48,49 This raises 
the question of treating only the weakest part of the cornea 
with a higher fluence than the outer area with more normal 
biomechanical properties. New UVA light devices for CXL 
treatments allow the cornea to be irradiated decentrally and 
focally, using higher fluence (more than 5.4 J/cm²) in the 
weakest area and standard fluence (5.4 J/cm²) in the outer 
area. Studies have shown that the point of the maximum cor-
neal elevation on the posterior surface of the cornea might 
be the best focal point representing the weakest part of the 
cornea.48 Seiler et al. reported the first clinical results using 
the customized protocol with a 1-year follow-up. They showed 
a significantly stronger decrease of anterior keratometry val-
ues in the customized CXL group compared to the standard 
protocol. Concerning the rates of flattening, 52.6 % had a 
decrease of more than 1.0 D in the customized CXL group, 
whereas 36.8 % flattened by 1 D in the standard CXL group.50 
Another study from India presented similar data regarding 
the comparison between customized and accelerated CXL. 
They found a flattening (more than 1 D) of the cornea in 96.8 % 
of the treated patients, whereas only 55.3 % flattened in the 
standard CXL group. At the same time, high-order aberra-
tions, especially coma, were significantly reduced leading to 
an improvement in BCVA.

These results can be explained by the fact that the higher 
fluence in the area of the cone lead to a deeper CXL effect 
in the corneal tissue without damaging endothelial cells. A 
modified protocol is used for customized CXL treatments 
at the University Eye Hospital Carl Gustav Carus Dresden, 
where the cornea is irradiated with two different diameters 
depending on the area of the cone. The UVA light is centered 
on the maximum posterior elevation as proposed by Seiler et 
al. The modified protocol is similarly effective which can also 
be confirmed by the so-called demarcation line. This line 

Figure 5: Cornea scan using optical coherence tomography (Spectralis, Heidelberg Engineering, Heidelberg) 1 month after CXL.  
The black arrow shows the demarcation line, which is deeper (364 – 383 µm) in the center than in the periphery. No demarcation line 
appeared in the unilluminated area. The blue lines demonstrate the UV light diameters with their respective fluence.

Figure 6: Treatment planning of a KC patient receiving a cus-
tomized CXL. The upper part shows information about the axial 
curvature, pachymetry, posterior elevation and epithelial thick-
ness. Irradiation with the UVA device is centered on the maximum 
posterior elevation (top right) using two zones, a larger zone with 
an intensity of 15 mW/cm² for 6 minutes (5.4 J) and a smaller zone 
with 15 mW/cm² for another 6 minutes, resulting in a total energy 
of 10.2 J. The lower part shows the pre- and postoperative com-
parison after 6 months of axial corneal curvature with a central 
reduction of up to 1.4 D.
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qualitatively evaluates the depth of CXL, where the transition 
zone between the treated and untreated area of the tissue is 
presented. In customized irradiation patterns, the demarca-
tion line is deeper in the area where the fluence is the highest 
(figure 5). In figure 6, an example case is shown. The UVA light 
diameter is centered over the maximum posterior elevation 
with the larger diameter (DIA 1) irradiated with 5.4 J/cm² and 
the smaller diameter (DIA 2) with 10.2 J/cm² (upper part). In 
the lower part, the change in corneal curvature is displayed 
between baseline and 6 months after treatment. The reduc-
tion in the treated area is up to −1.4 D. The long-term follow-up 
will show whether further corneal regularization takes place 
and whether visual acuity improves as a result.

Conclusion

Corneal CXL is an established treatment for stopping the 
progression of KC. The standard and accelerated protocols 
effectively stabilize the cornea for long periods of time with 
low rates of re-progression. Newer protocols aim to improve 
visual acuity by regularizing the irregular cornea. This also 
leads to better spectacle-corrected visual acuity or contact 
lens fitting.
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