
Keratoconus is a non-inflammatory disease characterized 
by progressive corneal steepening. The cornea assumes an 

irregular conical shape, which leads to a decrease in the visual 
acuity secondary to high irregular astigmatism [1,2]. There are 
several therapeutic choices for the management of this condi-
tion. First-line, non-invasive modalities include rigid contact 
lenses [3]. Surgical treatment options include intracorneal ring 
segments (ICRS), which aim to improve optical clarity by flat-

tening the steep cornea and corneal collagen crosslinking (CXL), 
which is directed to stop the progression of the disease [4]. Deep 
anterior lamellar keratoplasty, or penetrating keratoplasty [2] 
are used in advanced cases when the vision is low or when there 
is progression of the disease despite other treatments. 

CXL is a technique that uses ultraviolet light and a photo-
sensitizer to strengthen chemical bonds in the cornea. The goal 
of the treatment is to halt progressive and irregular changes in 
corneal shape [3].

Corneal strengthening is provided by the photochemical 
reaction between the riboflavin and ultraviolet A (UVA) in the 
corneal stroma, which results in the development of new chem-
ical bonds between the collagen fibrils. The standard protocol, 
also known as the Dresden protocol, of CXL is performed by 
generating a constant radiant exposure of 5.4 J/ cm2 via apply-
ing UVA irradiation at 3 mW/cm2 for 30 minutes after epithe-
lial debridement [5]. Over the years, some modifications were 
performed in the standard protocol to increase the quality of the 
procedure. One of the major modifications was using an accel-
erated (high-intensity) protocol, which shortened the procedure 
from 1 hour to 10 minutes by increasing the UVA power. This 
protocol was used by delivering a total dose intensity of 5.4 J/
cm2 or 7.2 J/cm2 within the shorter duration of time [6-8]. The 
purpose of this article is to compare the one-year results of ac-
celerated vs. standard collagen crosslinking in the treatment of 
keratoconus. 

This retrospective, comparative study comprised 124 eyes of 99 
adult patients with progressive primary keratoconus. Progres-
sion was defined as an increase in maximum anterior corneal 
curvature power (Kmax) of at least 1 diopter [D] within up to 1 
year, measured by corneal tomography (Sirius; SCHWIND eye-
tech-solutions, Germany). 



Exclusion criteria included eyes with previous ocular surgeries, 
penetrating trauma, glaucoma, aphakia, pellucid marginal degen-
eration, pregnancy, breastfeeding, and connective tissue diseases. 

The following parameters were collected: patient demo-
graphic information (sex and age at diagnosis), ocular history 
and indication for the procedure, side of procedure, duration of 
the procedure, treatment after the procedure, the short-term and 
long-term complications. 

The following data collected pre-procedurally and one year af-
ter the procedure were compared: best corrected visual acuity (BC-
VA), uncorrected visual acuity (UCVA), spherical and cylindrical 
refractive errors, gonioscopic anterior chamber angle, K maxi-
mum, K minimum, and thickest and thinnest pachymetry readings. 

Safety was determined by the incidence of adverse events or 
the loss of 2 or more lines in BCVA.

Follow-up exams were performed post operatively at 1 day, 
5 days, 1 month, 3 months, 6 months, and 12 months. Patients 
were asked not to use contact lenses during the first month post-
operatively, as well as 2 weeks before each examination.

Snellen VA was converted to log minimum angle of resolu-
tion (MAR) value.

The local institutional review board approved the study. The 
surgical procedure complied with the tenets of the Declaration 
of Helsinki, and the participants provided informed consent. 

The standard protocol

The standard protocol (the Dresden protocol) was performed 
in the operating room under sterile conditions. Following the 
application of topical anesthesia (Alcaine, proparacaine drops), 
mechanical epithelial debridement of the central 8 mm of the 
cornea was accomplished using a blade. De-epithelialization 
was followed by instillation of riboflavin 0.1% solution (10 mg 
riboflavin-5-phosphate in 10 ml dextran-T-500 20% solution [1 
drop]) every 2 minutes for 30 minutes. 

Intraoperative pachymetry was performed. If the residual 
stromal bed thickness was at least 400 microns, UVA irradiation 
(IROC AG, Zurich, Switzerland) was subsequently applied to 
the corneal surface for 30 minutes. During UVA treatment the 
riboflavin solution was continuously applied every 2 minutes. In 
cases of stromal bed thickness less than 400 microns, hypotonic 
riboflavin solution was used.

The accelerated protocol

The first stages of the accelerated protocol are identical to the 
standard protocol. However, after intraoperative pachymetry, 
UVA irradiation was applied to the corneal surface for just 10 
minutes (irradiance of 9 mW/cm2). The UVA irradiation was 
performed using the UV-X 2000 illumination system (IROC 

AG, Zurich, Switzerland). During UVA treatment, riboflavin 
solution was continuously applied every 2 minutes.

At the end of the procedure (standard and accelerated), oflox-
acin 0.3% (Allergan, Pharmaceuticals, Westport, Ireland) and 
dexamethasone 0.1% drops were administered to all patients 
and a soft bandage contact lens (Acuvue Johnson & Johnson, 
USA) was applied and kept in place until full corneal re-epi-
thelialization occurred. Antibiotics drops were used four times 
per day until the bandage lens was removed. The steroids drops 
were applied twice daily for 4 weeks.

Quantitative variables were described as mean, range, and stan-
dard deviation. Categorical variables were described as absolute 
and relative frequencies. Student -test and chi-square analyses 
were applied to calculate differences between the groups (30 
minutes group vs. 10 minutes group). A match paired -test anal-
ysis was conducted to compare the characteristics before the 
procedure and 6 to 12 months after the procedure. 

The overall significance level was set to an alpha of 0.05. 
Statistical analyses were performed using JMP Statistical Dis-
covery Software 7.0 (SAS Institute, Cary, NC, USA).

In this study, 124 eyes of 99 patients underwent CXL. Of these, 
70.7% (70/99) were men and 29.3% (29/99) were women. The 
mean age at the time of the procedure was 27.6 years (27.64 
± 7.70 years, range 18–50). The differences in demographics 
between the groups are summarized in Table 1.

There were no significant differences between the groups with 
regard to tomographic parameters preoperatively and one year 
after the procedure [Table 2]. 

Mean pachymetry before the procedure was 475 microns in 
the standard group and 492 microns in the accelerated group. 
There were no changes in pachymetry between the groups 6 
months and one year after the procedure [Table 3].



One year after the procedure, 23 eyes (40.35%) of the accel-
erated CXL group and 16 eyes (36.36%) of the standard CXL 
gained at least one line while 14 eyes (24.56%) of the accelerat-
ed CXL group and 17 eyes (38.63%) of the standard CXL lost at 
least one line [Figure 1].

There were no significant differences between UCVA and BCVA 
before and one year after treatment (  = 0.600, 0.350, respectively). 

The mean cylinder before the procedure was -3.24 and -6.11 
one year after the procedure (Matched pairs, = 0.261). The Kmax 
and Kmin in the standard group were not changed significantly 
one year after the procedure (Matched pairs,  = 0.515, 0.473).

There were no significant differences between UCVA and BCVA 
before and one year after treatment (  = 0.135, 0.373 respectively). 

The mean cylinder that was measured before the procedure 
was -3.70 and one year after the procedure it was -4.54 (matched 
pairs,  = 0.049). 

The Kmax and Kmin in the standard group were not changed 
significantly one year after the procedure vs. before the proce-
dure (matched pairs,  = 0.105, 0.422).

Complications following the procedure included two cases of 
early haze (appearing less than 3 months post-surgery) and one 
case of late haze (appearing more than 3 months post-surgery). 

One case of early haze was documented in the accelerated 
protocol group and the second in the standard protocol group. 
Both patients were treated with steroidal drops (Sterodex, Fisch-
er Pharmaceuticals LTD, Israel) with complete resolution. 

Late haze was documented in the accelerated protocol group. 
All other eyes showed an uneventful postoperative course. 



One patient in each group underwent corneal transplantation 
in the first year after the procedure because of deterioration in 
visual acuity.

We examined the results of accelerated vs. standard CXL and 
found that there are no differences in the results of both proto-
cols. These results are in accordance with previous studies [9-
11]. Kanellopoulos [12] was the first to reveal that CXL with 
higher fluence and shorter duration (7 mW/cm2 for 15 min) is 
as effective as the conventional method for preventing the pro-
gression of KC in a long follow-up period. In the present study, 
we used a higher intensity with shorter duration of UVA irradi-
ation and found no statistically significant difference between 
the standard and accelerated groups regarding the keratometric, 
refractive, and visual outcomes after 12 months.

Tomita et al. [13] compared the long-term outcomes of the 
standard vs. accelerated (30 mW/cm2 for 3 minutes) CXL in 
48 eyes of 39 patients with progressive KC. They found signif-
icant improvement of manifest refraction spherical equivalent 
and Kmax only in the standard group and Kmean in both groups 
with no significant difference between the two groups. In the 
current study, we found that the maximal curvature, Kmax and 
Kmin decreased, although not significantly, during the first year 
after CXL in the standard group. In the accelerated group Kmax 
and Kmin increased, although not significantly, during the first 
year. Shortly after the procedure there was flattening of the cor-
nea in both groups, but after the first year there was a trend of 
relative steepening. 

Corneal thinning is a known short-term consequence of epi-
thelium-off CXL methods, which usually recovers after several 
months [14,15]. Other studies like Ng et al. [16] observed that 
central and minimal corneal thicknesses were similar to the pre-
operative values 12 months after both standard and accelerated 
CXL. In our study, there was a decrease of the CCT in both 
groups after 12 months. However, this change was not signifi-
cantly different between the two groups.

Cummings et al. [17] compared two groups that were treated 
with either standard-intensity CXL (3.0 mW/cm2) or high-in-
tensity CXL (at 9.0 mW/cm2). There was no significant differ-
ence in any outcome measures between the groups. For accel-
erated CXL, there seemed to be more corneal flattening, with a 
statistically significant reduction in K mean at 12 months post-
operatively, when compared preoperatively (P < 0.01). There 
were no adverse events or complications in any patients.

The limitations of our study are mainly its retrospective nature 
and the short term follow up of only one year. Larger studies 
with an even longer follow-up period should be done to verify 
and strengthen the results of this current study. 

We demonstrated that the accelerated CXL with 9 mW/cm2 UVA 
irradiation for 10 minutes might be clinically comparable with 
the standard CXL in refractive, visual and tomography results, 
and may have better safety profiles regarding corneal thickness. 

The procedures are both safe and effective. Accelerated 
CXL, being a fast procedure, appears to be more beneficial for 
patients and surgeons.


