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ABSTRACT: We performed a retrospective interventional case series including 80 eyes of 48 patients with keratoconus (KC) who were treated with
modified corneal cross-linking (CXL) for KC (with a partial deepithelization in a pattern of stripes). The average follow-up was 5.8 years (with a minimum
of 5 years). At the last follow-up visit, compared with preoperative values, there were no significant changes in spherical equivalent, average keratometry,
corneal thickness, corneal hysteresis, or corneal resistance factor. The distance-corrected visual acuity was 20/39 preoperatively and 20/36 postoperatively
(P =0.3). The endothelial cell count decreased by 4.7% (P < 0.005). These findings suggest that this modified corneal CXL technique is a safe and effec-

tive alternative to halt the progression of KC up to five years after the procedure. However, some concerns remain as to whether this technique can affect

in some degree the corneal endothelial cells.
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Introduction
Ithas been more than one decade since the description of corneal
collagen cross-linking (CXL) as a treatment option for corneal
ectatic disease.! Since then, multiple studies have shown that
CXL has effects on slowing keratoconus (KC) progression.!?!
These results, combined with the low incidence of complications
and adverse effects, have allowed an exponential increase in the
implementation of CXL as a primary treatment for progressive
KC, with quite favorable results, although long-term effect and
more clear metrics for progression in KC are still a concern.?”
There are few long-term studies propetly assessing all the
safety and efficacy variables; however, due to different inclusion
criteria and surgical techniques in these studies, the evidence on
this topic with regard to its long-term effects remains contro-
versial.#->1517-21 Standard corneal CXL technique includes total
epithelium removal in around the central 7-9 mm in diameter, in
order to increase riboflavin concentration in the corneal stroma:
the so-called epithelium-off or epi-off technique.’™ However,
other alternatives have been used, including transepithelial ribo-
flavin application: the epithelium-on or epi-on techniques.??28
Some modifications of the standard technique, including
partial corneal full-thickness deepithelization, have been also
reported, including a study with a group of 40 eyes followed

up for five years.14-16

The aim of the present study was to determine the safety
and efficacy of CXL with partial full-thickness epithelium
removal for the treatment of progressive KC at five years of
follow-up in a group of 80 eyes, which is according to our
knowledge the largest group of eyes with long-term results,
using this modified technique, ever published.

Patients and Methods

We performed a retrospective nonrandomized study of
80 eyes of 48 patients with progressive KC who had been
treated with corneal CXL between April 2007 and March
2010 at Centro Oftalmologico Virgilio Galvis — Fundacion
Oftalmologica de Santander (FOSCAL, Floridablanca,
Colombia). The study was conducted in accordance with the
Declaration of Helsinki and was approved by the Institutional
Ethics Committee.

Patients wearing contact lenses discontinued their use
four weeks before examinations. Exclusion criteria included
history of any other ocular pathology, autoimmune systemic
diseases, and previous intraocular or corneal surgery.

In all cases, pilocarpine 2% was applied around one hour
before the surgery to assure miosis during the procedure and
proparacaine 0.5% just before the surgery. Initially, using
a spatula, the corneal epithelium was removed in vertical
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full-thickness stripes, 1-1.5 mm wide with 1 mm distance
between them, within 9 mm central corneal (Fig. 1). After-
ward, riboflavin drops (0.1% in 20% dextran) were instilled
onto the cornea at five-minute intervals for half an hour,
within a LASEK well, which was maintained with gentle
pressure on the corneal surface for a couple of minutes, so that
riboflavin was kept in close contact with the deepithelized
portions of the cornea. Thereafter, 3 mW/cm? ultraviolet-A
(UV-A) light (370 nm wavelength) was applied to the cornea
for 30 minutes at a working distance of 5 cm, using the UV-X
Illumination System (IROC). Topical riboflavin was applied
every five minutes during the UV light exposure.

Uncorrected and corrected distance visual acuity (UDVA
and CDVA), corneal topography (Bausch and Lomb), cor-
neal hysteresis (Ocular Response Analyzer; Reichert), corneal
resistance factor (Ocular Response Analyzer, Reichert),
endothelial cell count (Specular Microscope SP-3000P; Top-
con), corneal pachymetry (Visante OCT; Zeiss), and a com-
plete ophthalmic examination, including anterior segment and
dilated biomicroscopic fundus examination, were recorded
preoperatively and five years or longer after the surgery.

The Snellen visual acuity chart was used to determine
visual acuity, which was then was converted to logarithm of
the minimum angle of resolution (logMAR) units for statisti-
cal analysis.

Figure 1. Partial full-thickness deepithelization in a stripe pattern,
used in the patients with KC. Four to five 1-1.5 mm wide vertical strips,
around 1 mm apart, comprising approximately the central 9 mm of the
cornea, were performed.

Statistical analysis was performed with STATA 11.2
software package (Stata Corporation).

Results

A total of 80 eyes of 48 Hispanic patients with a diagnosis
of KC treated with corneal CXL were included, of which
29 patients were males and 19 patients were females. The mean
age of the patients was 29.3 £ 8.2 years (range 17-44 years).
The mean follow-up length was 5.8 years (range 5.0-7.9 years).
Stabilization of KC was achieved in all eyes after CXL treat-
ment. On postoperative clinical examinations, mild corneal
haze in an irregular pattern was observed in the anterior and
mid corneal stroma in around 30% of the cases, but we did not
see a clear demarcation line. Anterior segment OCT did not
show the demarcation line either.

Some nonsignificant changes were observed across the
follow-up period in several variables. Within one year after the
procedure, refractive sphere and cylinder tended to diminish,
but later both reached values similar to those in the preoperative
examination (Fig. 2). A similar trend was found for keratom-
etries: they tended to decrease at one- and two-year time points,
but increased to preoperative values at the last follow-up exami-
nation (Fig. 3). There was a nonstatistically significant trend to
increase in pachymetry at one-year time point (Fig. 4).

At final follow-up, the sphere, cylinder, and spherical
equivalent showed no statistically significant changes [spheri-
cal equivalent —4.41 £ 3.43 diopters (D) preoperatively and
—4.6 £ 3.31 D postoperatively; P = 0.72]. The flatter, stepper,
and average mean keratometry changes were not statistically
significant. The distance-corrected visual acuity (DCVA)
showed a mild improvement, from 20/39 preoperatively to
20/36 postoperatively, which did not reach statistical signif-
icance (P = 0.3). 81.25% of eyes did not present a decrease
in DCVA. There were no significant changes in corneal
thickness, corneal hysteresis, or corneal resistance factor.
Table 1 summarizes the measured values at baseline and at
the last follow-up visit. The endothelial cell count five years
or longer after the procedure (measured in the same corneal
location with the same specular microscope) decreased by
4.7% + 7.2% (P = 0.005). No complications presented during
the follow-up period.

Follow-up
Preoperative 1 year 2 years 3 years 4 years 5 years
0
-1
-2
-4
-5
-6
e Sphere e Cylinder Spherical equivalent

Figure 2. Refraction across the follow-up period.
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Figure 3. Keratometries (diopters) across the follow-up period.

Discussion

CXL is currently an accepted technique in the treatment of
KC. 83.3% of the members of the Group of Panelists for the
Global Delphi Panel of Keratoconus and Ectatic Diseases,
published in 2015, were performing the procedure, and those
who did not have access to CXL were willing to use this tech-
nique once it became available in their countries.?? Since the
pioneering study by Wollensak et al, the concept of including
complete full-thickness corneal epithelium removal for corneal
CXL was the rule (epi-off).!® Several studies, most of them
retrospective, have shown that epi-off corneal CXL is effec-
tive in halting the progression of KC.12! However, over the
last decade, epi-on techniques have slowly gained popularity,
especially using diverse substances, such as benzalkonium
chloride or ethylenediaminetetraacetic acid (EDTA), to dis-
rupt the epithelial surface expecting to facilitate absorption of

22-28

the photosensitizer. On the other hand, both experimen-

tal and clinical results have shown more CXL effect using an

25-27 The use of iontophoresis along with a

epi-off technique.
hypoosmolar riboflavin 0.1% dextran-free solution enriched
with EDTA and trometamol, to increase riboflavin uptake by
the stroma through the intact epithelium, seems to improve the
effect.3® Combined measures to enhance the riboflavin penetra-

tion through corneal epithelium have been used: benzalkonium
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Figure 4. Pachymetry values (microns) across the follow-up period.

Table 1. Preoperative and last follow-up findings (n = 80 eyes).

PRE QX DATA POP QXDATA P

(MEAN+SD)  (MEAN t SD)
Sphere (D) -2.79+3.04 -3.02+3.08 0.64
Cylinder* (D) -3.22+2.07 -315+1.84 0.82
Spherical equivalent (D) -4.41+343 -4.6+3.31 0.72
Flatter keratometry (D) 46.2+41 457+t4.4 0.46
Steeper keratometry (D) 50.5+5.8 50.5+6.14 1.0
Mean keratometry (D) 48.4+4.8 48.3+5.1 0.9

Distance corrected visual 0.29 +0.25 0.25+0.24 0.3

acuity (LogMAR)

Pachymetry 470 +52.2 471 £60.5 0.91
(microns)

Endothelial count 2715+ 317 2552 + 263 0.005
(cells/mm?)

Corneal hysteresis 8.76 £ 1.46 8.40+£1.85 0.17

Corneal resistance factor 7.58 + 1.54 7.52+2.11 0.39

Note: *Negative cylinder notation.

chloride preoperative medication; hypotonic riboflavin solu-
tion without dextran and with increased concentration (0.5%);
and prolongation of the time of application of topical ribofla-
vin until objective verification of the stromal saturation is con-
firmed.3! The evidence so far is that epi-off CXL remains the
most effective method of strengthening the cornea and slowing
KC progression, but according to new evidence, some epi-on
methods are promising.?$3032 Other alternatives that could be
considered a midpoint between the epi-off and epi-on tech-
niques involve epithelial disruption using a specially designed
metallic device (Daya Disruptor; Duckworth and Kent)’%34
or creation of microabrasions by placing a surgical sponge
over the corneal surface while the patient is blinking.> Other
researcher have performed partial thickness epithelial removal
using excimer laser , but it required a longer application of ribo-
flavin to achieve corneal saturation.3®

As previously mentioned, other approaches involve full-
thickness partial deepithelization.!*"1¢ Razmjoo et al published
the results of their study where in one group of 22 eyes they
left untouched the central 3 mm and removed an outer ring
(3 mm width) of corneal epithelium, and in another group of 22
eyes, they performed total epithelium removal over 9 mm. They
found that six months after surgery, the partial deepithelization
group had slightly better postoperative DCVA. No changes in
sphere and cylinder were found in both groups. No significant
difference was found between the groups, regarding the post-
operative steeper keratometry. However, a significant improve-
ment of that value was observed in patients treated with total
removal CXL, while patients treated with partial removal of
the corneal epithelium did not reveal a significant improvement.
The authors concluded that there was no significant differ-
ence between these two methods, but recognized that a sig-
nificant weakness of their study was the short-term follow-up.'*
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Recently, however, they informed that they had abandoned
the partial deepithelization technique due to the presence of
haze, corneal thinning, and endothelial cell damage in intact
epithelial central region (Peyman A, personal communication,
January 1,2016). Hashemi et al reported results at five years after
corneal CXL with partial epithelium removal in 40 eyes, show-
ing stabilization of the disease.”® Recently, they also reported
middle-term (one year) results comparing corneal CXL with
partial deepithelization versus total epithelium removal. Both
groups showed similar results in terms of UDVA, with small
differences in DCVA, central corneal thickness, and corneal
flattening.!® Some other authors have also used different vari-
ants of partial deepithelization but their reports included only
very small groups of eyes.3’?

With regard to the duration of the effect of corneal CXL,
a systematic review and meta-analysis published by Craig et al
found statistically significant improvements in topography,
visual acuity, astigmatism, and refraction at 12 months after
the operation. However, they stated that uncertainty is the
long-term benefit in avoiding or delaying disease progression.*
Studies showing results of CXL with a minimum follow-up
of 48 months, with any technique, are scarce. We conducted a
literature review and identified only six publications.!>17-2! All
these six long-term studies showed stabilization or improve-
ment of the ectatic disease in all or most of the eyes, which is
consistent with our results. Only one of the long-term studies
(by Hashemi et al) included a technique different to complete
full-thickness corneal deepithelization.’® As already men-
tioned, they used a partial deepithelization of the cornea in a
pattern very similar to the approach we used in our patients.
The issue of whether the partial debridement may affect the
effect of cross-linking is still a controversial point. Experimen-
tally, Hayes et al performed superficial epithelial trauma by
scraping of the superficial epithelium for 1015 seconds with
a scalpel blade and using visual inspection to ensure that the
basal layers were intact, in porcine eyes. They found normality
of the transmission spectra of those corneas, which suggested
the need to remove all epithelial cell layers in order to permit
stromal penetration of riboflavin.# A significant difference

15,16 ysed is

with the approach that we (and also Hashemi et al
that in the areas deepithelized, basal layers were also removed.
Ozmen et al performed partial-thickness epithelial abla-
tion with an excimer laser in rabbit eyes, preserving one to four
layers of cells, and found after CXL that no keratocyte loss
occurred, which is considered a surrogate marker of successful
CXL.* Again, a critical difference with our technique is that
the epithelium is completely removed in the scraped areas.
Samaras et al performed a full-thickness grid pat-
tern removal of epithelium in porcine corneas, more similar
to the approach we used in our clinical series.* The pattern
consisted of 30—40 separate abrasions placed within an area
of approximately 7 mm in diameter. They observed areas of
yellow coloration in the stroma in a grid pattern beneath the
areas of full-thickness epithelial debridement. They considered

that because of the lack of homogeneous absorption, complete
removal of the corneal epithelium appeared to be necessary
to permit enough riboflavin absorption into the stroma. This
seems a valid argument, but when looking at the figure shown
in their article, we consider that the percentage of epithelial
removal in our patients was larger, and it could influence the
amount of riboflavin entering into the corneal stroma (Fig. 1).

CXL is not a free-of-complications procedure. Microbial
keratitis (including bacterial, herpetic, mycotic, and Acan-
thamoeba), leukomas, keratouveitis, endothelial cell failure
with corneal edema, corneal melting, and corneal perforation
have been reported.**=* Partial deepithelization could allow
for a faster recovery of the corneal surface, and thereby reduce
the risk of infectious or inflammatory conditions.

With regard to corneal endothelial cell reduction, in our
study, we found that cell count decreased by 4.7% during the
five years of follow-up. Considering the physiological annual
loss of 0.6%,% we estimated an additional endothelial loss of
only 1.7% in five years. It is difficult to assert whether this
amount of additional cell loss is clinically significant. Factors
such as the variability of endothelial cell count obtained with
the specular microscopes might have influenced the result.
However, close follow-up is warranted in these patients.

Conclusion

Performing cross-linking with partial corneal deepitheliza-
tion provided good results in terms of long-term stabilization
of KC in a group of 80 eyes followed up for at least five years,
because we did not find statistically significant differences in
refraction, keratometries, and pachymetries. However, fur-
ther studies are warranted to determine if the loss of corneal
endothelial cells that we found in this series reaches clinical
significance in a larger group of eyes. Our results are consistent
with the only other study published with a similar technique
and a similar period of follow-up, which included 40 eyes.
With regard to objective signs of corneal cross-linking, Hash-
emi et al did not mention the demarcation line in their study
with a similar technique.!> We did not see a clear demarcation
line in our cases. Further studies with a larger number of eyes
and with longer follow-up times are needed to determine if
the absence of this sign correlates with less cross-linking effect
and to confirm if this partial deepithelization approach could
be considered a good alternative to the standard total corneal
deepithelization cross-linking procedure.
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