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Corneal collagen cross-linking with riboflavin and UVA light (CXL) is the only method designed to arrest 
the progression of keratoconus. Visual improvement generally starts 3 months after treatment. Reduction 
is coma seen on aberrometry in early postoperative phase is also responsible for the improvement in visual 
acuity. In the light of currently available data we can thus say that CXL is a safe procedure that is successful 
in arresting keratoconus.
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Corneal collagen cross‑linking with riboflavin and UVA 
light  (CXL) is the only method designed to arrest the 
progression of keratoconus. Spoerl et  al. were the first to 
report the use of cross‑linking for stabilizing the cornea.[1] In 
recent years, it is a preferred method for targeting the stromal 
instability. It is popular treatment worldwide and is offered at 
various centers offering this option. The single most important 
outcome with CXL is the expected reduction in the need for 
donor keratoplasty. Our own study and several other studies 
have reported results upto 12 months after performing CXL.[2] 
However, studies for longer periods of follow‑up are few. Even 
these report results on small cohorts followed up for 4 to 6 years 
after treatment.[3‑6] The studies with long‑term data have been 
performed with the corneal epithelium scraped off and thus, 
this discussion is restricted to studies performed with the 
epithelium‑off method.

Visual improvement generally starts 3  months after 
treatment.[3] There is a temporary visual reduction seen in 
the early postoperative phase. This is due to stromal edema 
evident in 100% of eyes with confocal microscopy.[4] Average 
visual improvement has been between 1 and 2 Snellen lines 
from 1 to 4  years after treatment.[5,6] This is corroborated 
by our unpublished results over the last 5 years. We have 
also noted continuing minor changes in topography in 
patients over time  [Fig.  1]. The improved uncorrected 
visual acuity can be partially explained by reduction in the 
sphere and the spherical equivalent reduction. Reduction 
is coma seen on aberrometry in early postoperative phase 
is also responsible for the improvement in visual acuity.[2] 

This reduction  of  values has been maintained up to 36 to 
48 months.[5]

In an uncontrolled retrospective study, Raiskup‑Wolf et al.[6] 
showed that the flattening process continues over a period of 
years: They followed a large cohort of patients (480 eyes of 
272 patients) for up to 6 years and reported arrested keratoconus 
progression and significant improvements in visual acuity. 
The long‑term stabilization of keratoconic corneas without 
significant side‑effects has also been demonstrated in 44 eyes for 
up to 48 months after CXL,[5] also accompanied by a reduction 
in the mean K value by 2 diopters and gradually increasing 
improvements in uncorrected visual acuity (UCVA) and best 
corrected visual acuity (BCVA) during the observation period. 
The statistical significance of these values was maintained after 
36 and 48 months of follow up [Table 1].

Randomized clinical trials  (RCT), the holy grail of 
clinical evaluation, have reported data till one year of 
follow‑up. These too have shown arrest of keratoconus along 
with improvement in visual acuity and keratometry values.[7,8]

In the Melbourne study,[7] which was conducted in 
49 patients, statistically significant differences were observed 
between control and treatment groups in terms of BCVA 
and K values for up to 12 months after CXL. More recently, 
another group has published an RCT reporting on one‑year 
results after CXL for the treatment of keratoconus and corneal 
ectasia.[8]

Risk factors for visual loss after CXL have been noted to 
be age over 35 years, pre‑procedure corrected visual acuity 
of 20/25 or better, and a K value of more than 58D.[9] In our 
unpublished data, we observed in 3  patients the initial 
arrest of progression for 24  months after treatment and 
later had progression  (increase in the Max K value by 
more than 0.5D). We are unable to find a cause to this 
specific situation. Repeat CXL performed in these 3 eyes 
prevented further progression over 24 months after repeat 
CXL.
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The procedure is reported to be safe and without any severe 
complications. Infectious keratitis and corneal melt have been 
reported.[10] However, it is likely that the contact with the 
microbial agents causing infection or melt can occur during the 
epithelial healing phase and may not be directly attributable 
to the procedure itself.

In the light of currently available data, we can thus say 
that CXL is a safe procedure that is successful in arresting 
keratoconus. It is advisable to perform this procedure in 
patients with progressive keratoconus. Younger patients tend 
to have a more aggressive course, and thus should be offered 
this procedure too. It should no longer be considered as an 
elective procedure.[9]
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Table 1: Results from some clinical trials using the standard Cross-Linking procedure

Name Maximum 
follow-up 
time

No. of treated 
eyes at start 
of study/end 

of study

Mean 
age 
(yr)

% halted or 
(improved) 

assessed by 
Kmax change

Mean post-
operative reduction 
in K max value at 

end of study

Mean increase 
in corrected 
visual acuity at 
end of study

Complications

Agrawal[2] 1 year 37/37 16.9 92 (54) 2.47D > 1 line None reported

Wittig Silva et al.[7] 1 year 33/9 26.9 >50 1.45D −0.12 logmar None reported

Caporossi et al.[5] 48 months 44/44 10-50 100 2D 1.9 lines None reported

Raiskup-Wolf et al.[6] 6 years 251/5 30.04 81 (57) 2.44D −0.18 Logmar Progression in two cases
Hersh et al.[8] 1 year 49/49 ? 89.8 (51) 2.0D −0.14 Logmar None reported
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Figure 1: Sequential topography changes seen in one eye of a patient over 31 months. Note the generalized flattening of the cone and the 
shrinkage of the steepened areas. Also note the change in Best fit sphere as well as the Sim K values. (a) at baseline (b) at 8 months (c) at 
20 months and (d) 31 months post‑Cross Linking
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