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Abstract

e AIM: To compare the safety and efficacy of conventional
versus accelerated (9 mW/ch) corneal collagen crosslinking
(CXL) in progressive keratoconus at the 2-year follow-up.

e METHODS: In this prospective study, consecutive
progressive keratoconus patients were randomized to
receive either conventional CXL (CCXL) or accelerated
CXL (ACXL; using hydroxypropyl methylcellulose-assisted
riboflavin imbibition for 10min at 9 mW/cm?). Visual, refractive,
keratometric, topographic, and aberrometric outcomes and
stromal demarcation line depth (DLD) measurements were
compared at the end of a 2-year follow-up.

e RESULTS: Thirty-two eyes from 32 patients in the CCXL
and 27 eyes from 27 patients in the ACXL groups completed
2-year follow-up. At 2y post-CXL, both uncorrected and
corrected visual acuities improved significantly in both
groups. The improvements in keratometric readings,
flattening rate (flattening of the maximum keratometry
more than 1 D), 3 topographic indices, and vertical coma
were significantly better in the CCXL group compared to the
ACXL group (P<0.05). The DLD as measured by anterior
segment optical coherence tomography or in vivo confocal
microscopy was better detectable and significantly deeper
in the CCXL group compared to the ACXL group. The
deeper DLD was found to be significantly correlated with
improvements in the mean keratometry measurements.
Progression was noted in 11.1% of eyes in the ACXL group,
whereas progression was not observed in any patient eye in
the CCXL group.

e CONCLUSION: In this prospective randomized study, ACXL
is less effective in halting the progression of keratoconus at
a 2-year follow-up compared to CCXL.
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INTRODUCTION

eratoconus is a common bilateral, progressive corneal
K ectatic disorder. Corneal collagen crosslinking (CXL)
with riboflavin and ultraviolet-A (UVA), first introduced
in 2003 by Wollensak et al', is the only safe and effective
means to halt the progression of this disease. The procedure is
based on photopolymerization of the stromal collagen using
a photosensitizer (riboflavin) and UVA irradiation that results
in corneal stiffening due to an increase in the number of inter-
and intra-fibrillar covalent bonds™.
The treatment protocol introduced by Wollensak et al'"! was
named as the standard, Dresden, or conventional corneal
collagen crosslinking (CCXL) protocol and requires a soaking
time of 30min in the riboflavin solution and an illumination
time of 30min for 3 mW/cm® UVA irradiation. This CCXL
protocol has been extensively used during the past ten years
and has demonstrated its long-term safety and efficacy™ .
The major drawback of the conventional protocol is its long
treatment duration, which is an hour. Recently, the concept of
accelerated CXL (ACXL) was introduced with the purpose of
reducing the illumination time by increasing UVA intensity.
A number of different ACXL protocols have been proposed
based on the Bunsen-Roscoe law of reciprocity. Results from
experimental or clinical ACXL studies using these varying
protocols are controversial up to date and only short-term data
from a few studies is available.
In this study, our aim was to compare the safety and efficacy of
CCXL and ACXL (9 mW/cm®) in progressive keratoconus at a
2-year follow-up.
SUBJECTS AND METHODS
Ethical Approval This study was approved by the Institutional
Review Board Committee at Ankara University and was
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conducted according to the tenets of the Declaration of
Helsinki. Written informed consent was obtained from all
patients.

Patient Population Consecutive patients older than 18y who
were diagnosed with progressive keratoconus and scheduled
for CXL surgery were enrolled in this prospective study.
After enrollment, a computer-generated simple randomization
method was used in which patient eyes were randomized to
receive either CCXL or ACXL treatment. If both eyes of one
patient were progressing, only the worse eye was included in
the study.

The diagnosis of keratoconus was based on the presence of
slit-lamp biomicroscopy and corneal tomography findings
obtained using the Scheimpflug corneal imaging system
(Pentacam; Oculus GmbH, Wetzlar, Germany). Progressive
keratoconus was documented by serial differential topography
and pachymetry analyses. Progression was defined as an
increase of at least 1 diopter in the maximum keratometry
(Kmax) reading within the past 12mo.

Exclusion criteria included thinnest corneal thickness (TCT)
less than 350 um measured using a Pentacam, central corneal
scarring, previous ocular trauma or corneal surgery, a history
of herpetic keratitis, or any autoimmune/systemic disease,
pregnancy or lactation. Rigid gas permeable contact lens
wearers discontinued lens wear for 4wk, and soft contact
lens wearers discontinued lens wear 2wk before the baseline
ophthalmic examination for CXL.

Preoperative and Postoperative Evaluation All patients
underwent a detailed ophthalmological examination at baseline,
and at 1, 3, and 6mo, and 1 and 2y after receiving CCXL
or ACXL treatment. The following were recorded during
each visit: uncorrected distance visual acuity (UDVA), best
spectacle-corrected distance visual acuity (CDVA), manifest
refraction (MR), slit-lamp biomicroscopy findings, corneal
tomography (Pentacam; Oculus GmbH, Wetzlar, Germany),
and in vivo confocal microscopy (IVCM; HRT II, Rostock
Cornea Module). One-month postoperatively, the corneal
stromal demarcation line depth (DLD) was measured using
anterior segment optical coherence tomography (AS-OCT;
Visante, Carl Zeiss, Germany) and the corneal stromal devoid
of the keratocytes (treatment depth) was measured using
IVCM in all patient eyes. On AS-OCT, the relative depth of the
central demarcation line [in % of total central corneal thickness
(CCT)] was also measured. The visibility of the demarcation
line was scored to obtain the accuracy of the measurements
(0, line not visible; 1, line unclear, measurements not clearly
visible; 2, line clearly visible). Only measurements with a score
of 2 were used to measure the DLD and the percentage of the
treated cornea in the central cornea using the measurement
toolbars of the AS-OCT software. Corneal haze was graded at
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each visit by slit-lamp biomicroscopy using the scale established
by Greenstein et al'”.

Corneal Tomography At least 3 topography measurements
were taken from each patient eye during each follow-up
examination. On the best-quality topography maps, the corneal
thickness, sagittal curvature, anterior and posterior elevation
data, and tomographic indices were evaluated preoperatively
and at all follow-up examinations. The topographic cone
location was assessed using previously described methods'™.
Surgical Technique All procedures were performed by the
same surgeon (Ugakhan OO) under sterile conditions. After
topical anesthesia with proparacaine hydrochloride 0.5%,
the central 9.0 mm corneal epithelium was removed by
mechanical debridement. After epithelial removal, ultrasound
(US) pachymetry (P-1, Takagi Seiko, Japan) was performed to
measure the CCT. Five measurements were performed from the
central cornea. After the thinnest and thickest measurements
were discarded, the mean of the three measurements was
recorded as the de-epithelized CCT.

In CCXL with the Dresden protocol, 0.1% riboflavin in 20%
dextran T500 solution (MedioCross, Kiel, Germany) was
instilled every 2min for 30min. Intraoperative pachymetry was
performed before irradiation and UVA light at 365 nm (UV-X
system, IROC AG, Switzerland) was applied for 30min at an
irradiance of 3.0 mW/cm’. During UVA exposure, riboflavin
0.1% drops continued to be administered every 2min. In
ACXL, riboflavin 0.1% with hydroxypropyl methylcellulose
(HPMC; Vibex Rapid, Avedro Inc, Waltham, MS, USA) was
applied every 2min for 10min. Then, US pachymetry was
performed to measure the CCT and 365 nm UVA irradiation
at 9 mW/cm’ was administered for 10min (Avedro, Waltham,
USA). During UVA exposure, riboflavin 0.1% drops continued
to be administered every 2min.

At the end of either procedure, US pachymetry was performed
again to measure the CCT and a silicone hydrogel bandage
contact lens was placed on the cornea. The bandage contact
lens was removed after epithelial healing. Topical antibiotics
(Moxifloxacin hydrochloride 0.5%, Vigamox, Alcon,
USA) were prescribed 4 times daily for 1wk and topical
loteprednol etabonate 0.5% suspension eye drops (Lotemax,
Bausch&Lomb, USA) were applied 4 times daily after
epithelization with gradual tapering and discontinuation.
Outcome Measures, Treatment Failure, and Adverse Events
The primary outcome measure was the change in Kmax at the
end of the follow-up period compared to baseline. The secondary
outcome measures were the changes in the UDVA, CDVA,
manifest refraction spherical equivalent (MRSE), keratometric
measurements, topographical indices, corneal aberrations, and
endothelial cell density (ECD) compared to the baseline.
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Treatment failure was defined as an increase in Kmax of more
than 1.0 diopter during the follow-up. An adverse event was
defined as a loss of 2 or more Snellen lines of CDVA compared
to baseline.

Statistical Analyses Statistical analyses were performed using
SPSS 2 (Version 2.0; SPSS for Windows, IBM, Armonk, NY,
USA). Using power and sample size calculation software,
enrollment of at least 32 eyes (16 eyes in each group) was
determined to be necessary for a meaningful statistical
analysis. All continuous variables were presented as means
and standard deviations (SD). Visual acuity was converted to
logMAR notation for its statistical analysis.

The normality of the data was tested using the Shapiro-Wilk
test. Within-group baseline and postoperative parameters
were compared using the Mann-Whitney U test. Within each
group, changes between the pre- and postoperative values
were compared using the Wilcoxon signed-rank test. DLD
values between the groups were compared using the Mann-
Whitney U test. Correlation analysis of the DLD and topographic
keratometric values were performed using Spearman correlation
test. The level of statistical significance was set at P<0.05.
RESULTS

Patient Characteristics Sixty-four patients were enrolled in
this prospective study. Thirty-four patients received CCXL and
30 patients received ACXL. Two patients (2/34, 5.9%) in the
CCXL group and 3 patients (3/30, 10.0%) in the ACXL group
were lost to follow-up. Measurements from 32 eyes of 32
patients in the CCXL and 27 eyes of 27 patients in the ACXL
groups were cligible for statistical analyses. At baseline, the
two groups were matched for age, sex, preoperative visual
acuity, refractive, keratometric, pachymetric measurements,
cone location, and keratoconus grade”” (P>0.05; Table 1).
During surgery, the mean CCT measurements taken following
keratectomy were 422.94+33.72 um in the CCXL group
and 411.59+42.04 pm in the ACXL group. Following
30min of riboflavin-dextran imbibition, the mean CCT was
456.66+£54.91 pm in the CCXL group. In the ACXL group,
following 10min of riboflavin-HPMC application, the mean
CCT was 462.37+30.99 um.

Visual Acuity The mean preoperative and postoperative
UDVA and CDVA data are summarized in Figure 1. The mean
UDVA and CDVA significantly improved in both groups
compared to baseline at 3, 6, 12, and 24mo postoperatively
(P<0.05; Table 2, Figure 1).

Manifest Refraction The mean MRSE and MR cylinder
improved significantly in both the CCXL and ACXL groups
with no differences found between groups at any time point
(P>0.05; Table 2).

Keratometry Readings At month 24, compared to baseline, the
flattening of the mean keratometry (Km), steep keratometry

Table 1 Baseline demographic characteristics, visual, refractive,

keratometric, pachymetric values, and cone location of the

patients in the CCXL group and ACXL group mean+SD
CCXL ACXL
Parameters (32 eyes, (27 eyes, P
32 patients) 27 patients)
Age (y) 23.13+3.8 24.69+5.0 0.494
Sex (male:female) 20:12 17:10 0.311
Visual acuity (logMAR)
UDVA 0.74+0.6 0.61+0.5 0.520
CDVA 0.23+0.2 0.19+0.1 0.539
Refractive error (D)
MR sphere -3.4+4.8 -3.3+£5.2 0.757
MR cylinder -3.8£2.6 -3.242.0 0.220
MRSE -5.4+5.4 -5.1£5.5 0.837
Pentacam parameters
Kmax (D) 54.7+7.3 56.0+5.4 0.357
Km (D) 48.3+4.2 48.7+4.7 0.778
Ks (D) 50.14+4.8 50.7+5.0 0.599
Kf (D) 46.8+3.8 46.9+4.6 0.988
Kas (D) 3.2+1.9 3.842.0 0.454
CCT (um) 463.9£31.3  457.8442.3  0.518
TCT (um) 445.4+37.2  439.1445.0  0.420
Cone location, n (%)
Central 28 (87.5) 23 (85.2) 0.227
Paracentral 4 (12.5) 4 (14.8) 0.309
Keratoconus grade, n (%)
Grade | 18 (56.3) 14 (51.9)
Grade 11 9(28.1) 10 (37.0)
Grade IIT 2(6.2) 0
Grade TV 3(9.4) 3(11.1)

CCXL: Conventional corneal collagen crosslinking; ACXL:
Accelerated corneal collagen crosslinking; UDVA: Uncorrected
distance visual acuity; CDVA: Corrected distance visual acuity; MR:
Manifest refraction; MRSE: Manifest refraction spherical equivalent;
Kmax: Maximum keratometry; Km: Mean keratometry; Ks: Steep
keratometry; Kf: Flat keratometry; Kas: Keratometric astigmatism;
CCT: Central corneal thickness; TCT: Thinnest corneal thickness.

(Ks), flat keratometry (Kf), and Kmax were statistically
significant in the CCXL group (P=0.029, P=0.001, P=0.043,
and P=0.007, respectively; Table 2). All keratometric
improvements except Kmax were significantly improved in the
CCXL group compared to the ACXL group (P<0.05; Figure 2).
At month 24, the mean flattening in Kmax were -0.9+1.1 D
in the CCXL group and -0.4+0.9 D in the ACXL group. The
flattening rate (flattening of the Kmax more than 1 D) was
43.7% (14/32) versus 29.6% (8/27) in the CCXL and ACXL
groups, respectively. The flattening rate was significantly
higher in the CCXL group compared to the ACXL group
(P=0.03).

1225



Conventional versus accelerated CXL

A o9

0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

o LE

logMAR

op.

a CCXL
0.8 o ACXL

logMAR

015 015 g4 015

Figure 1 Changes in UDVA and CDVA A: Change in the mean UDVA over time in the CCXL group and ACXL group; B: Change in the mean

CDVA over time in the CCXL group and ACXL group.

Table 2 Preoperative and month 24 postoperative visual, refractive, keratometric indices, corneal thickness, elevation measurements,

topographic indices, and anterior corneal aberrations in the CCXL group and ACXL group

mean+SD

Parameters CCXL ACXL Intergroup difference
Preop. Mo-24 P Preop. Mo-24 P P-value
UDVA (logMAR) 0.74+0.6 0.46+0.4 <0.001 0.61+0.5 0.43+0.5 <0.001 0.082
CDVA (logMAR) 0.23+0.2 0.12+0.1 <0.001 0.19+0.1 0.10+0.1 0.001 0.351
MR sphere (D) -3.4+4.8 -3.44+4 .4 0.244 -3.345.2 -3.04£5.2 0.109 0.744
MR cylinder (D) -3.8+2.6 -3.3+£2.2 0.027 -3.242.0 -2.9+2.8 0.043 0.607
MRSE (D) -5.44+5.4 -4.7+5.4 0.037 -5.1+5.5 -4.7+5.7 0.049 0.873
Kmax (D) 54.7+£7.3 53.8+£7.2 0.007 56.0+£5.4 55.6£5.4 0.050 0.491
Km (D) 48.3+4.2 48.03+4.3 0.029 48.7+4.7 48.74+5.0 0.475 0.047
Ks (D) 50.1+4.8 49.74£5.0 0.001 50.7+5.0 50.6£5.3 0.211 0.01
Kf (D) 46.843.8 46.2+4.0 0.043 46.94+4.6 46.7+4.9 0.971 0.045
Kas (D) 3.2+1.9 3.242.0 0.675 3.84+2.0 3.6+1.9 0.212 0.439
CCT (um) 463.9+31.3 462.7£35.5 0.674 457.8442.3 467.1+44.6 0.001 0.004
TCT (um) 445.4+37.2 443.3+£399 0.471 439.1+45.0 448.4+47.0 0.001 0.006
MAE (pum) 26.3+15.1 22.6+14.3 0.001 27.5+9.4 24.6+£7.2 0.007 0.731
ISV 81.96+22.7 77.04+23.5 <0.001 74.53+40.7 71.66+£39.3 0.046 0.065
IVA 0.82+0.3 0.75+0.3 <0.001 0.59+0.5 0.53+0.4 0.044 0.072
KI 1.17+0.1 1.03+0.1 <0.001 1.20+0.1 1.1840.1 0.015 <0.001
CKI 1.06+0.05 1.0+0.07 <0.001 1.05+0.03 1.04+0.03 0.056 <0.001
Rmin 6.21+0.7 6.24+0.8 0.063 6.06+0.5 6.11+0.5 0.059 0.334
IHA 32.75+31.5 29.82+25.0 0.746 34.26+21.2 31.94+25.8 0.280 0.670
IHD 0.1+£0.07 0.09+0.07 <0.001 0.11+0.04 0.1+0.04 0.002 <0.001
VC (um) -1.81£1.5 -1.59+1.53 <0.001 -2.0+£1.4 -1.84£1.3 0.044 0.03
SA (um) -0.15+0.8 -0.12+0.7 0.570 -0.05+0.5 -0.01+0.5 0.156 0.867

CCXL: Conventional corneal collagen crosslinking; ACXL: Accelerated corneal collagen crosslinking; UDVA: Uncorrected distance visual

acuity; CDVA: Corrected distance visual acuity; MR: Manifest refraction; MRSE: Manifest refraction spherical equivalent; Kmax: Maximum

keratometry; Km: Mean keratometry; Ks: Steep keratometry; Kf: Flat keratometry; Kas: Keratometric astigmatism; CCT: Central corneal

thickness; TCT: Thinnest corneal thickness; MAE: Maximum anterior elevation; ISV: Index of surface variance; IVA: Index of vertical

asymmetry; [HA: Index of height asymmetry; IHD: Index of height decentration; CKI: Central keratoconus index; KI: Keratoconus index; Rmin:

Minimum sagittal curvature in the central 8.0 mm; VC: Anterior corneal vertical coma; SA: Anterior spherical aberration.

Corneal Thickness and Topographic Indices The mean
CCT and TCT values decreased significantly in both groups
at postoperative month 1 (P=0.015 and P=0.05 for CCXL and
ACXL groups, respectively) and then gradually increased over
time until month 24. The mean CCT and TCT values improved
to baseline levels at postoperative month 24 in the CCXL
group and at month 6 in the ACXL group (Table 2).

At month 24, the mean flattening in the maximum anterior

elevation (MAE) was significantly different from baseline
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in the CCXL and ACXL groups (Table 2). There was no
shift in the topographic localization of the cone apex in
either group. Four of seven tomographic indices evaluated
improved significantly in both groups, while one index
[central keratoconus index (CKI)] improved significantly
only in the CCXL group, compared to baseline (P<0.001;
Table 2). The improvements in the mean KI, CKI, and IHD
were significantly greater in the CCXL group compared to the
ACXL group (P<0.001; Table 2).
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Figure 2 Change in the mean Kmax over time in the CCXL group
and ACXL group.

The mean anterior vertical coma (VC) decreased significantly
compared to baseline in both groups. However, the
improvement in VC was significantly greater in the CCXL
group compared to the ACXL group (P=0.03).

Endothelial Cell Counts At month 24, compared to baseline,
there was no loss of endothelial cells in either group (P>0.05).
Demarcation Line Depth—Anterior Segment OCT
Demarcation line measurements of 1 eye in the CCXL group
and 10 eyes in the ACXL group were suboptimal and therefore
excluded from the analysis. The demarcation line after 1mo
was clearly visible (score of 2) in 25 of 31 eyes (80.6%) in the
CCXL group and in 9 of 17 eyes (52.9%) in the ACXL group.
The ACXL group had a significantly lower occurrence rate of a
clear demarcation line compared to the CCXL group (P=0.02).
In eyes with a visible demarcation line (score of 2), the mean
depth of the corneal stromal demarcation line was 301.2+56.3 um
(59.1% of the mean CCT; range, 170 to 430 um) in the CCXL
group and 203.3+38.4 um (39.9% of the mean CCT; range,
150 to 260 pm) in the ACXL group. The inter-group difference
was statistically significant (P<0.001). The DLD correlated
was significantly correlated with the Km measurements
(r=-0.372, P=0.03), whereas, the DLD did not correlate with
the Kmax (=-0.307, P=0.07; Figure 3).

Demarcation Line Depth—in vivo Confocal Microscopy The
transition zone from the stroma with apoptotic keratocytes
to normal keratocytes was considered the demarcation
line on IVCM. Seven eyes in the CCXL and 6 eyes in the
ACXL group were excluded from this analysis because of
suboptimum IVCM measurements. The mean IVCM DLD was
at 317.48+47.2 um (76.4% of the CCT; range, 235 to 402 um)
in the CCXL group and 212.33£32.1 pm (47.9% of the CCT,;
range, 170 to 298 pm) in the ACXL group. The inter-group
difference was found to be statistically significant (P<0.001).
Slit-Lamp Biomicroscopy Findings The epithelial
defect healed by postoperative day 4 in all patient eyes. At
postoperative week 1, 4 eyes (12.5%) in the CCXL group
and 5 eyes (18.5%) in the ACXL groups had grade 1+ haze,

which resolved to normal levels with frequent use of topical
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Figure 3 Correlation analysis of the DLD with the Km and the
Kmax A: Correlation between the DLD (as measured by AS-OCT)
and the mean Km; B: Correlation between the DLD (as measured by
AS-OCT) and the mean Kmax.

corticosteroid eye drops. Sterile infiltrates were observed in 2
eyes (6.2%) of 2 patients in the CCXL group and 2 eyes (7.4%)
of 2 patients in the ACXL group. The infiltrates resolved in all
eyes with frequent use of topical corticosteroid eye drops.
Progression At the end of postoperative month 24, progression
of at least 1 D in the Kmax was seen in 3 of 27 eyes (11.1%) in
the ACXL group patients, whereas no progression was noted in
any patient eye in the CCXL group.

DISCUSSION

In this study, compared to baseline, keratometric, topographic,
and aberrometric improvements were significantly improved
and the corneal flattening rate was significantly higher in the
CCXL group compared to the ACXL group. The mean DLD
was also significantly more clear and deeper following CCXL
compared to ACXL, which was measured using AS-OCT or
IVCM. The deeper DLD correlated with more flattening in
the Km readings. Finally, at the end of 2y, 11.1% of eyes in
the ACXL group had progression of at least 1 D in Kmax,
whereas no eye progressed in the CCXL group. Therefore,
although both CCXL and ACXL (9 mW/cm®) were found to
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be safe procedures with no loss of endothelial cell density or
significant adverse events, CCXL was more effective in halting
the progression of keratoconus.

Accelerated CXL protocols were introduced with the hope of
delivering an equal total dose of irridation as in CCXL in a
shorter period of time while also achieving similar efficacy as
in CCXL. However, as of today, there is no scientific evidence
regarding the efficacy of any uniform ACXL protocol. Ex-
vivo studies have shown conflicting results regarding the
effectiveness of ACXL at 9 mW/cm™'""?,

To date, a handful of clinical studies have been performed
using ACXL at 9 mW/cm’. Table 3 shows a list of these
studies, which used a standard protocol and at least 12mo
follow-up. Similar to the ex-vivo studies, these studies have
also reported conflicting outcomes regarding the efficacy of
ACXL at 9 mW/cm’. In 6 studies that used dextran-assisted
riboflavin imbibition for 30min'*"* and 1 study that used
HPMC-assisted riboflavin imbibition for 20min'""’, ACXL
(9 mW/cm®) was found to be similar to CCXL. However,
two studies utilizing HPMC-assisted riboflavin imbibition for

2% and 25min™"!

20min reported more significant improvements
in the Kmax measurements using the CCXL protocol.
Previously, stromal demarcation lines observed at AS-OCT
were put forward to use as a tool to monitor the efficacy of
the CXL procedure™. In 2 studies, the DLD was found to be
similar in ACXL group (9 mW/cm®) and CCXL group'™'".
However, in 3 studies™ ">, the DLD was significantly deeper
using the CCXL protocol compared to the ACXL (9 mW/cm?)
protocol.

The difference in outcomes of the different ACXL studies
utilizing the same UVA intensity may be hypothesized to be
related to the type of solvent used in the riboflavin solutions.
Indeed, very little is known about the effect of imbibition
properties of riboflavin solutions containing dextran or
HPMC. The colloid osmotic pressure of the riboflavin
solution containing dextran 20% is high due to the abundant
hydrophilic hydroxyl groups that lead to marked intraoperative
reduction of CCT during the CXL procedure™>". Using a
riboflavin solution containing 0.5% of the polysaccharide
HPMC has been suggested as an alternative. Because HPMC
does not contain water-binding hydroxyl groups, riboflavin-
HPMC solutions are known to swell the stroma faster and
more effectively during the CXL procedure”™’. Despite the
advantages of enhanced and faster stromal penetration of
riboflavin-HPMC, it is not clear whether CXL with the
use of HPMC is less effective due to the formation of a
lower number of inter-fibrillar crosslinks, particularly in

. 27-28
the anterior stroma

! The more prominent appearance of
the demarcation line with the standard protocol that utilized

riboflavin-dextran has been hypothesized to be due to the

steeper distribution gradient of riboflavin-dextran, which
tapers off rapidly in the posterior stroma, and also more
UVA transmission. However, significant swelling of corneas
during HPMC-assisted imbibition together with less UVA
transmission results in shallow and faint demarcation lines at
the AS-OCT.

Even in studies that report similar efficacy, the topographical
flattening and smoothening effect of CCXL was found to
be superior to that of ACXL at 9 mW/cm’ regardless of
the type of riboflavin-solvent used">"’. On the other hand,
clinical outcomes, primarily in terms of efficacy in preventing
progression, differ considerably, even using the same type
of riboflavin solvent with the same imbibition period and
utilizing the same irradiation intensities. This finding may
point to factors other than riboflavin solution and/or imbibition
duration playing a role in the efficacy of CCXL procedures, or
may simply reveal the need for better conducted prospective
studies before the efficacy of CXL with UVA intensities at 3
and 9 mW/cm’ are suggested to be the same.

As of today, the clinical implications of the putative lower
crosslinking of HPMC-treated corneas with shallower and less
detectable stromal demarcation lines remain controversial.
The long-term efficacy of ACXL at 9 mW/cm’ using HPMC-
assisted riboflavin imbibition for 10min is also unknown. To
our knowledge, our study is the first prospective randomized
study that compares the 2-year outcomes of ACXL at
9 mW/cm” using HPMC-assisted riboflavin imbibition for
10min to conventional CXL using dextran-assisted riboflavin
imbibition for 30min, also known as the conventional protocol.
In conclusion, in this study, ACXL (9 mW/cm’) using HPMC-
assisted riboflavin imbibition for 10min was found to be
less effective in halting the progression of keratoconus at
2-year follow-up compared to CCXL. Progression was also
noted only in the ACXL group (11.1%), whereas no patient
eye progressed in the CCXL group. Our results suggest that,
although ACXL protocols have the advantage of reduced
treatment time and less reduction in corneal thickness, the
CCXL protocol has better therapeutic efficacy. We stress the
need for further randomized controlled studies with long-term
follow-up, more number of patients, and uniform protocols to
establish the efficacy of ACXL at 9 mW/cm’.
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