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e PURPOSE: To study the effect of different protocols of
collagen cross-linking on visual, refractive, and tomo-
graphic parameters in patients with progressive keratoco-
nus.

 DESIGN: Prospective randomized interventional study.
e METHODS: In this study, 138 eyes of 138 patients with
progressive keratoconus underwent corneal collagen
cross-linking (CXL). Following detailed preoperative ex-
amination, Group I underwent conventional cross-
linking (36 patients, 3 mW/cm? for 30 min); Group II
(36 patients, 9 mW/cm? for 10 min), Group III (33 pa-
tients, 18 mW/cm” for 5 min), and Group IV (33 pa-
tients, 30 mW/cm? for 3 min) underwent accelerated
cross-linking. Changes in corrected distance visual acuity
(CDVA), spherical equivalent (SE), flat keratometry,
steep keratometry, thinnest pachymetry, specular micro-
scopy, and demarcation line were studied at 6 and
12 months.

e RESULTS: Improvement in the mean CDVA and SE
were statistically significant in all groups except Group
IV (P = .15 at 6 months, P = .17 at 12 months), with
Group III (P = .01 at 6 and 12 months) showing the
best results. Flattening of steep and flat keratometry
was significant in Groups I (P = .01) and II (P = .01)
as compared to the other groups. There was no significant
difference in the pachymetry or specular microscopy in
any of the groups. Groups I and II demonstrated a good
demarcation line when compared to other groups.

e CONCLUSION: Conventional CXL (Group I) and accel-
erated CXL with irradiations of 9 mW/cm? (Group 1I)
and 18 mW/cm? (Group I1I) showed better visual, refrac-
tive, and tomographic improvements at the end of
12 months. (Am J Ophthalmol 2015;160(2):
243-249. © 2015 by Elsevier Inc. All rights reserved.)

Accepted for publication May 19, 2015.

From Narayana Nethralaya Eye Hospital, Bangalore, India (R.S.,
N.K.P., AA.,, CJ.,, CS, HN.); and Academic Hospital, Maastricht
University, Maastricht, Netherlands (R.M.M.A.N.).

Inquiries to Harsha Nagaraja, Consultant, Cornea and Refractive
Services, Narayana Nethralaya, 121/C, Chord Road, 1 “R” Block,
Rajajinagar, Bangalore 560 010, Karnataka, India; e-mail: harshdr@
gmail.com

0002-9394/$36.00
http://dx.doi.org/10.1016/j.ajo.2015.05.019

ical instability and thinning of the corneal stroma

as a result of weak collagen fibers, which leads to
progressive irregular myopic astigmatism, higher-order ab-
errations, and corneal scarring, resulting in decreased visual
acuity." In the early stages spectacle correction, contact
lenses, and intrastromal corneal ring segments” can aid in
visual rehabilitation, whereas penetrating and lamellar ker-
atoplasty become necessary in the advanced stages. How-
ever, none of these treatment modalities stabilize the
disease or stop the progression of ectasia.

Corneal collagen cross-linking (CXL) was first
performed at the Dresden Technical University in 1998
and its use in keratoconus was first reported by Wollensak
and associates’ in 2003. CXL increases the corneal collagen
cross-links, thereby strengthening the cornea and leading
to stabilization of the ectasia and flattening of the cornea,
which in turn can cause a reduction in myopia and astigma-
tism.” ® There have been various modifications to the
conventional CXL like increasing the intensity of
ultraviolet A (UV-A) irradiation and shortening the
exposure time (accelerated CXL; ACXL) without
altering the total energy delivered. Another modification
has been to perform the CXL through an intact
epithelium (transepithelial CXL) with less discomfort to
the patient and reduced postoperative complications.’
Though the different protocols have been evaluated indi-
vidually, there are no comparative studies with conven-
tional CXL. In this study, we evaluate the effectiveness
and safety of conventional CXL and ACXL in a subset of
our patients.

K ERATOCONUS IS CHARACTERIZED BY BIOMECHAN-

PATIENTS AND METHODS

A WRITTEN INFORMED CONSENT FOR PARTICIPATING IN
the study was obtained from all patients undergoing the
procedure. The study was approved by the Narayana Neth-
ralaya ethics committee and was performed according to
the tenets of the Declaration of Helsinki.

This was a prospective interventional study of 138 eyes
of 138 patients with progressive keratoconus documented
by serial tomography for at least 6 months, corneal thick-
ness >400 wm at the thinnest location, and age between
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15 and 30 years. We randomized the subjects into the 4
groups according to the alternating assignment method.
In our study, an increase in the steep K-value by more
than 1.0-1.5 diopters (D), a corresponding change
(>1.0-1.5 D) in the subjective refraction, or a 5% or
more decrease in the thinnest pachymetry in the preceding
6 months was defined as “progression.”

Eyes with <400 pwm corneal thickness at the thinnest
point, concurrent corneal infections, or central or paracen-
tral scarring and those with a history of herpetic keratitis
were excluded from the study. All patients underwent a
detailed ophthalmic examination including uncorrected
distance visual acuity (UCDVA), corrected distance visual
acuity (CDVA), and subjective acceptance. Visual acuity
was recorded using the Snellen chart and was later
converted to decimal values. All patients underwent
corneal tomography using the Pentacam (Oculus, Inc,
Lynnwood, Washington, USA), a rotating Scheimpflug
camera system for anterior segment analysis, which mea-
sures topography and elevation of the anterior and poste-
rior corneal surface and the corneal thickness. Simulated
keratometric (Sim K) values represented by flat and steep
keratometry (K1 and K2, respectively) of the central
cornea and minimum pachymetry values were derived
from the Pentacam and the corneal thickness was
confirmed with ultrasound pachymetry. Spectral-domain
optical coherence tomography (SD OCT) was performed
using a handheld device (Bioptigen Inc, Research Triangle
Park, North Carolina, USA) in the postoperative period to
look for the demarcation line. All patients underwent the
above tests at baseline and at all subsequent visits.

Based on the Amsler-Krumeich classification, patients
with grade 1 and 2 progressive keratoconus underwent con-
ventional CXL (Group I) or one of the protocols of ACXL
(Groups 11, III, and IV) after removal of the epithelium
(epi-off).

e SURGICAL PROCEDURE: All procedures were performed
under topical proparacaine hydrochloride 0.5% eye drops
under sterile precautions in the operating room. In all
groups, the central 8 mm of the corneal epithelium was
debrided using an epithelial scraper.

Riboflavin drops. Riboflavin 0.1% solution (10 mg
riboflavin-5-phosphate in 10 mL dextran-T-500 20%
solution) was applied as a photosensitizer every 2 minutes
for the first 30 minutes in all groups.

Ultraviolet-A irradiation. In all groups, once permeation of
riboflavin through the cornea using a Portable Slit Lamp
(PSL; Reichert, Depew, New York, USA) was confirmed,
UV-A irradiation of wavelength 365 nm was initiated
using the Avedro KXL system (Waltham, Massachusetts,
USA). Application of riboflavin drops every 2 minutes
during the irradiation was used to maintain its necessary
concentration. The UV-A irradiation intensity used in
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different groups is as follows: Group I (conventional CXL):
3 mW/em? for 30 minutes; Group Il 9 mW/cm? for
10 minutes; Group III: 18 mW/cm? for 5 minutes; Group
IV: 30 mW/cm? for 3 minutes.

A 9 mm beam was used, and care was taken to avoid any
damage to the limbus by using a limbal guard made of poly-
methyl methacrylate. A silicone hydrogel bandage contact
lens (Pure Vision; Bausch and Lomb, Rochester, NY) was
applied following the treatment and removed on the third
postoperative day or once the epithelium healed.

Postoperative treatment included prednisolone acetate
1% eye drops in tapering doses for 3 weeks, moxifloxacin
hydrochloride 0.5% eye drops 4 times a day for 1 week,
nepafenac 0.1% eye drops 3 times a day for 3 days, and
topical artificial tears supplements 4 times a day for
3 months.

e STATISTICAL ANALYSES: All continuous variables were
represented as mean and standard deviation (SD). One-
way analysis of variance was used to evaluate the differ-
ences in the preoperative values of the parameters between
the groups. The main outcome measure was the difference
between the preoperative and postoperative parameters
evaluated at 6 and 12 months post procedure. As the
change in postoperative parameters was significantly
related to the preoperative values, analysis of covariance
models were used to adjust for the differences in the preop-
erative values during the comparison of outcomes between
the various groups. Statistical analyses were performed us-
ing the commercial software (Stata ver. 12.0; StataCorp,
College Station, Texas, USA). P value less than .05 was
considered statistically significant.

RESULTS

A TOTAL OF 138 EYES OF 138 PATIENTS (36 EACH IN GROUPS 1
and II; 33 each in Groups III and IV) were included in the
study; 82 patients (59.4%) were female and 56 (40.6%)
male. Mean (= SD) age of the patients was 22.8 * 5.0 years
(range: 14-33 years) in Group I, 23.1 = 4.7 years (range:
13-33 years) in Group II, 19.9 * 5.8 years (range: 10-32
years) in Group III, and 24.2 = 7.1 years (range: 11-45
years) in Group IV. Mean follow-up time was 15.32 *
3.39 months (range: 12-19 months). Table 1 shows the
preoperative spherical equivalent (SE), CDVA, K1, K2,
pachymetry, and endothelial cell density values of the pa-
tients in each of the 4 groups; the differences were statisti-
cally significant for CDVA (between Group I and II, and
Group I and 1V) and pachymetry values (between Group
I and III). Tables 2 and 3 show the change in the values
at 6 and 12 months postoperative follow-up. Figures 1, 2,
and 3 show the mean change in postoperative parameter
values (with 95% confidence interval) at 1 year follow-up.
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