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Abstract: Purpose: To assess and analyze the two-year results of corneal collagen cross-linking with riboflavin
using ultraviolet-A light for keratoconus in the treatment of keratoconus and to evaluate the efficacy of this
procedure. Design: Retrospective study. Methods: The preoperative and post preoperative data of 58 eyes of 40
keratoconus patients were revised. The intervention was only conventional corneal collagen cross linking in an
indicated keratoconus patient. The data included UCVA, BCVA, slit lamp examination, keratometry, refractometry,
pachymetry and corneal topography. Postoperative follow up program was 1,3,6,12,24 months. Results: The mean
age was 16.9 + 6.35 years (range 12-39 years) and the mean follow-up was 23.05 £+ 1.55 months (range 12 to 30
months). Fifty-eight eyes of 40 patients with a follow-up of at least 24 months were analyzed. The preoperative
values on the day of treatment were compared with postoperative values of the 24-month examination. This showed
that BCVA improved at least one line in 53.4% (31/58) of eyes, remained stable in 36.2 % (21/58) of eyes
(P=0.006) and decreased by only one line in 10.3 % (6\58). Astigmatism remained stable (within + 0.50 D) in 86.2%
(50/58) of eyes while decrease by a mean of 1.20 D 13.8 % in (8/58) of eyes. The K value of the apex decreased by
a mean of 2.73 D in 65.5% (38/58) of eyes (P=0.004), remained stable (within + 0.50 D) in 25.9% (15/58) of eyes
and increase by 1.00 D in 8.6 % (5/58) of eyes. The maximum K value decreased by a mean of 2.47 D in 55.1%
(32/58) of eyes (P=0.004), remained stable (within + 0.50 D) in 38% (22/58) of eyes and increase by 1.00 D in 6.9
% (4/58) of eyes. Corneal Wavefront analysis revealed that spherical and higher-order aberrations did not show
significant variations in the follow-up period. The coma component showed a very significant reduction at six
months after treatment and persisted throughout the follow-up period (P=0.003) Conclusion: This study proved that
corneal cross linking is beneficial as both visual preserving and visual improving procedures. K readings are the
main indicator of success or failure of the procedure. Central corneal thickness can be an indicator of improvement,
there is a reciprocal relationship between them. Best chance is for patients with corneal thickness more than 400 um.
It is advised that the crosslinkologist should store the riboflavin in the refrigerator from +4° to +8 °c and discard it
immediately after surgery. Use of steroid from the first postoperative day is helpful. Mainly, of visual improvement
results from decrease of myopia, yet there was no remarkable improvement of astigmatism.
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1. Introduction: are other elements that bind the collagen lamellae
Keratoconus is  characterized by the together.® Part of this resistance is due to interactions
development of a non-inflammatory ectasia of the between the collagen fibrils (e.g., Type III and
axial or peri-axial region of the cornea and is usually heteromeric Type [ and V collagens) and other matrix
bilateral. Its incidence in the general population is proteins, such as the proteoglycans,”® and Type VI
reported to be about one in 2000." Incidences of one collagen.” In addition, differences in keratocyte
in 600 to one in 420 seem more in keeping with the surface components, cell morphology and cell-matrix
current diagnostic capacity.” Because of the young interactions have all been reported in keratoconus.'®"'
age of patients, keratoconus often has a significant If this “interfibrillar glue” were weakened, then
negative effect on the quality of life. lamellae (or collagen bundles) would have the
Two chief mechanisms for the development of potential to tear apart.’ The central and inferior
keratoconus have been put forward. One proposes regions of the cornea are likely to be affected
that ectasia is closely associated with tissue preferentially (the main region of cone formation),
degradation or reduced maintenance,” whereas the since interlamellar cohesive strength is at a minimum
other suggests that it is due to slippage between in that area in normal corneas.'>"
collagen fibrils,” with no overall tissue loss. Surgical The technique of corneal collagen cross-linking
dissection of the corneal stroma is not resistance-free, has been used to at least temporarily block
even in the posterior region where there is less progression of keratoconus in the progressive phase.'
anterior-posterior interweave, suggesting that there Cross-linking ‘freezes’, that is, it arrests the further
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progression of the corneal collagen
thinning/redistribution that is otherwise progressive
in keratoconus stromal collagen, increasing the
biomechanical stability of the cornea.'®

The technique of corneal collagen cross-linking
consists of photopolymerization of stromal fibers by
the combined action of a photosensitizing substance
(riboflavin or vitamin B2) and ultraviolet A rays
(UVA) from a solid-state UVA source.'
Photopolymerization increases the rigidity of corneal
collagen and its resistance to keratectasia.'® The
cross-linking effect is not distributed homogenously
over the corneal depth. The stiffening effect is
concentrated in the anterior 200 to 300 microns of the
cornea due to the high absorption of UV light in this
area.
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Figure 1: The device: Xlink, Opto.

2. Patients and Methods

This retrospective nonrandomized open label
study with consecutive recruitment comprised
patients with the following inclusion criteria:
Keratoconus grades I or II.
Corneal thickness of >400 pm
No previous refractive surgery
No corneal scarring.
Not pregnant or nursing women.

Figure 2: Riboflavin phosphate 0.127 g (Ricrolin, Sooft)

N

The surgical procedure
Every patient was subjected to epithelium-off
corneal collagen cross linking with the followings:

(I)Preoperative preparation:-

1. Pilocarpine 2 % : 1 drop every 10 minutes }2
hour before surgery to minimize the lens and
retina exposure to UV rays.

2. Topical anesthesia : Benoxinate hydrochloride :
1 drop every 5 minutes half an hour before

surgery
3. Marking the eye with double check. Figure 3: 8 mm zone marker used to mark corneal area to
4. Skin disinfection: povodine iodine 10% was be de-epithelized.
used to soak the skin.
(I)Device:

e  Type: Xlink Opto, Austrilia (Figure 1).
e  Parameters:

- T (Time): 30 minutes.

- D (Dose): 5.371 J/ecm

- P (Power): 1.50 mW.

- I (Intensity): 2.984 mW/ccm

(IID)Type of riboflavin:
Riboflavin phosphate 0.127 g (Ricrolin , Sooft)
which is equivalent to 0.1% basic riboflavin (Figure

2). Oij()ﬂ?Win was kept ir} the refrigerator at +4 to + Figure 4: The epithelium was removed with a blunt tipped
8C" and discarded immediately after surgery. spatula.
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Figure S: Sodium hyaluronate (Provisc, Alcon) ring to
preserve riboflavin on the cornea.

Figure 6: The riboflavin was instilled (while light is turned
off).

Figure 7: The riboflavin saturated cornea is exposed to UV
A rays.

av) Operatlve procedure:
. 8 mm zone marker was used to mark corneal
area to be de-epithelized (Figure 3).
2. The epithelium was removed with a blunt
tipped spatula (Figure 4).
3. Sodium hyaluronate (Provisc, Alcon) was
applied on the limbus all around to keep
riboflavin on the cornea.
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4. The lights were turned off in order not to
affect the composition and efficacy of
riboflavin by the room light (Figure 5).

5. The riboflavin was instilled every 3 minutes
for 30 minutes till the corneal stroma
saturated with riboflavin.

6. Corneal irradiation with UVA was
performed for 30 minutes with dropping of
the riboflavin every 3 minutes.

7. Irrigation of the eye was performed.

8. Soft Contact lens was applied onto the
cornea.

9. Eye drops were instilled at the end of
surgery in the form of :-

1-  Antibiotic: Gatifloxacin 0.3%.
2- Steroid: Prednisolone acetate 1 %.
3-  Cyclopentolate.

10. Eye patching.

(I) Postoperative treatment: (usually lasts for one

week)

1- Antibiotic eye drops :Gatifloxacin 0.3%:
hourly during first 24 hours then 4 times
daily.
2- Steroid eye drops : Prednisolone acetate 1
%: T.d.s from the 1* postoperative day.
3- Topical gel : twice daily.
4- Systemic Vit. A and Vit. C : twice daily.
5-  Systemic  analgesic and  anti
inflammatory.

(IT) Postoperative follow up :-

The patient was followed up daily in the 1%
week till re-epithelization of the cornea took place.
During this follow up, the patient was examined by
the slit lamp to detect corneal re-epithelization and
haziness. Then the patient was followed up at the 1%,
3™ 6™, 12nd and 24™ months postoperatively.

In most cases, re-epithelization took place in 1%
48 hours, then the contact lens was removed and eye
patching was stopped. The patient was instructed to
wear sun glasses for 2 weeks.

3. Results

The mean age was 16.9 £+ 6.35 years (range 12-
39 years) and the mean follow-up was 23.05 + 1.55
months (range 12 to 30 months). Fifty-eight eyes of
40 patients with a follow-up of at least 24 months
were analyzed. The preoperative values on the day of
treatment were compared with postoperative values
of the 24-month examination. This showed that
BCVA improved at least one line in 53.4% (31/58) of
eyes, remained stable in 36.2 % (21/58) of eyes
(P=0.006) and decreased by only one line in 10.3 %
(6\58). Astigmatism remained stable (within + 0.50
D) in 86.2% (50/58) of eyes while decrease by a
mean of 1.20 D 13.8 % in (8/58) of eyes. The K value
of the apex decreased by a mean of 2.73 D in 65.5%
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(38/58) of eyes (P=0.004), remained stable (within + follow-up period. The coma component showed a
0.50 D) in 25.9% (15/58) of eyes and increase by very significant reduction at six months after
1.00 D in 8.6 %(5/58) of eyes. The maximum K treatment and persisted throughout the follow-up
value decreased by a mean of 2.47 D in 55.1% period (P=0.003).

(32/58) of eyes (P=0.004), remained stable (within + It is important to report examples of the pre- and
0.50 D) in 38% (22/58) of eyes and increase by 1.00 postoperative patient state:

D in 6.9 % (4/58) of eyes. Corneal Wave front
analysis revealed that spherical and higher-order
aberrations did not show significant variations in the

Example (A) shows the preoperative and postoperative data of one eye

Variant Preoperative Postoperative
Date February 2011 March 2013
Pachymeteric - =5 TR
map
Tangential

curvature map

UCVA 360 5/60

BCVA 6/30 6/20
K readings 49.49 @ 18 4729 @ 8
54.04 @ 108 51.98 @ 98
K Average 51.66 D 49.20 D
Astigmatism 455D 4.69D
Corneal thickness at 389 Um 308 Um
the thinnest location
Corneal thickness at 623 Um 668 Um
periphery
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Example (B) shows the preoperative and postoperative data of another eye

Variant Preoperative Postoperative
Date December 2010 _ January 2013
Pachymetric i

map

Tangential

curvature map

UCVA 3/60 4/60

BCVA 6/30 6/25

K readings 46.69 @0 44.13 @ 169
49.02 @ 90 46.62 @ 79

K Average 47.83 D 4534 D

Astigmatism 233D 249D

Corneal thickness 423 Um 341 Um

at the thinnest

location

Corneal thickness 561 Um 567 Um

at EeriEherz

The results in this study guided me to assume This force pulls the central cornea
the following hypothesis: backwards (posteriorly) by the action of
The corneal collagen cross linking leads to increased peripheral corneal rigidity and
corneal rigidity which usually affects the anterior thickness leading to decrease corneal
200-300 um'”" of the cornea, however only curvature (k readings) thus improving the
peripheral cornea increase in thickness while central visual acuity.
cornea decrease in thickness which arise many B) Push- forward force: ( anterior force)
question marks. This force pushes the central cornea forward
This hypothesis is to explain that the central (anteriorly) by the action of IOP which is
cornea is under 2 antagonist forces:- most at the central cornea representing mean
A) Pull-back force: (posterior force) IOP vector from the anterior capsule of the

crystalline lens to the posterior corneal
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surface leading to maximal accumulation of
aqueous with forward direction of aqueous
currents causing continuous pressure of the
posterior corneal surface.

The final result of these 2 forces is that the
posterior corneal surface is under 2 hammers:-

1- Rigidity of anterior cornea with continuous
pulling back force of peripheral thickened
cornea.

Continuous pushing forward force of IOP so
thinning of central cornea mainly takes place
in central posterior cornea.

This study showed that in most cases there was
no remarkable improvement in the corneal
astigmatism while the basic improvement was the
decrease of corneal curvature thus decreasing the
myopic element of keratoconus. This may be due to
the fact that corneal cross linking affects all
meridians symmetrically.

Another hypothesis from this study that needs to
be proofed or denied by further studies:-

The optical effects after corneal collagen cross
linking is decrease the K readings resulting from:-

1- Decrease corneal curvature leads to decrease
radius of curvature and decrease K readings.
Decrease central corneal thickness resulting
in decrease refractive index of the cornea
(bulk loss) leads to decrease K readings.
This combined optical effects of the CXL
leads to marked decrease of myopia up to 4
diopters in this study.

2-

4. Discussion

A significant increase in corneal rigidity has
been measured in porcine and rabbit corneas treated
by riboflavin/UVA using quantitative biomechanical
stress strain measurements.'®**?' This study reports
on a cohort from the Egyptian subcontinent. To my
knowledge this is the first report of its kind. This
study like other studies from Europe, Asia and India
shows that corneal collagen cross-linking with
riboflavin is effective in stopping the progression of
keratoconus by “freezing” the cornea.>'**** A good
safety profile has been documented.” The success of
cross-linking treatment in keratoconus is not
surprising, because a significantly reduced tensile
strength has been measured biomechanically * in
keratoconus. The postoperative change in the
keratometry at the apex of the cone (K apex) showed
a mean decrease of 2.68 at six months and continued
towards reduction at 12 months.

Caporossi et al.,> showed in human eyes that
refractive results showed a reduction of about 2.5 D
in the mean spherical equivalent, topographically
confirmed by the reduction in mean K. Results of
surface aberrometric analysis showed improvement
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in morphologic symmetry with a significant reduction
in coma aberrations.” In addition, Raiskup-Wolf et
al.,> who followed up patients up to six years and
reported on a larger cohort of patients to conclude
that the improvement in vision after cross-linking is
caused by a decrease in astigmatism and corneal
curvature as well as by topographical homogenization
of the cornea as a result of the increased rigidity in
the cross-linked cornea. In addition, the fitting of
contact lenses is improved.** This leads to an increase
in both, the unaided visual acuity and BCVA through
corneal symmetry indices improvement after cross-

linking.
Another possible explanation of cross-linking
success,  especially  concerning  keratoconus

stabilization, is the new more compact collagen
lamellar structure after corneal cross-linking as
demonstrated in recent studies by Wollensak® and
Mazzotta.”’ It is important to note that in this cohort
of patients we did not come across any
complications.

The importance of cross-linking lies in the fact
that it is a low-invasive, outpatient procedure. It
achieves a result so far not offered by any other
modality of treatment. This includes conservative
approaches like contact lenses and surgical options
like intracorneal rings, and keratoplasty. Keratoplasty
is often the only choice in many patients. In
epidemiological studies up to 21% of patients have
ended wup needing keratoplasty for visual
rehabilitation.”** The problems for a treatment like
keratoplasty for keratoconus in a country like India
are compounded by lack of adequate tissue
availability. Also, it is the first treatment option for
patients with keratoconus that offers a possibility of
mild regression in the condition. Thus cross linking
helps in various ways: improves vision, helps
regression of disease, stabilizes future progression,
and thus probably delays or avoids keratoplasty in a
given patient. It would require a longer study to
adequately validate these comments.

It thus also has a significant psychosocial value.
Keratoconus being a disease of the young causes
significant loss of productivity and has a
disproportionate impact on the quality of life. Any
procedure that can improve the quality of life in a
given disease deserves a close look. This study,
although the first from the Egyptian subcontinent, has
several limitations. Being retrospective in nature the
data bias is a possibility. However, looking at various
international studies published earlier this may not be
a major deficit. The numbers in the analysis are
limited. A larger multicentric study for collagen
cross-linking in keratoconus would be needed to
derive stronger conclusions.
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At present, keratoconus is not curable.
However, cross-linking was able to stop its
progression in our series of cases. We have shown
improvement in the visual acuity in some cases due
to reduction in the myopic element of keratoconus.

Raiskup-Wolf e al.,”> had two patients in their
series who needed repeat treatment with cross-
linking. However, these patients had acute
exacerbation of neurodermatitis. That study also
reported the longest series of patients followed from
three to six years after treatment. Thus, it is important
to cross-link corneas with progressive keratoconus as
early as possible. In the future, we may be able to
further improve vision by combining the cross-
linking procedure with procedures such as
intracorneal ring implantation.’® and topography-
guided photorefractive keratectomy.

This study showed that in most cases there was
no remarkable improvement in corneal astigmatism
while the basic improvement was in decrease corneal
curvature and decrease myopic element of
keratoconus. This may be due to the fact that corneal
cross linking affects all meridians symmetrically. On
the contrary of other studies, ***' we noticed no
remarkable improvement in corneal astigmatism &
also most cases have regular astigmatism and not
irregular astigmatism may be due to strict patient
selection to keratoconus grade I and II with corneal
pachymetry > 400 um.

5. Conclusion

This study proved that corneal cross linking is
beneficial as both visual preserving and visual
improving procedures. K readings are the main
indicator of success or failure of the procedure.
Central corneal thickness can be an indicator of
improvement, there is a reciprocal relationship
between them. Best chance is for patients with
corneal thickness more than 400 um. It is advised that
the crosslinkologist should store the riboflavin in the
refrigerator at +8 ’c and discard it immediately after
surgery. Use of steroid from the first postoperative
day is helpful. Most of visual improvement results
from decrease of myopia yet no remarkable
improvement of astigmatism.
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