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A 41-year-old man presented 10 years after uneventful laser in situ
keratomileusis (LASIK) with symptomatic post-LASIK ectasia. He
had treatment with the classic Dresden epithelium-off technique
and presented 4 years later with progression of the ectasia. He
was subsequently retreated with conductive keratoplasty (CK) fol-
lowed by a new proprietary epithelium-on corneal collagen cross-
linking (CXL) procedure using a proprietary transepithelial
riboflavin formulation and delivery system on the following day.
One year after retreatment, the patient noted stable vision in
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the treated eye with a corrected distance visual acuity (CDVA) of
20/60C. Thus, epithelium-on CXL, if performed with appropriate
formulations and delivery technology as well as careful attention
to appropriate riboflavin loading of the stroma, can stabilize an ec-
tatic cornea. In addition, when performed prior to CXL, CK can
induce a significant, lasting improvement in corneal shape and
CDVA. This technique merits further study.
Corneal collagen crosslinking (CXL) has become a
standard treatment for progressive keratoconus
and post-laser in situ keratomileusis (LASIK) ecta-

sia in most of the world. The incidence of progression after
CXL has been reported to be between 7.6%1 and 3.2%.2

Substantial controversy has existed as to whether the
classic Dresden epithelium-off (epi-off) or the newer
epithelium-on (epi-on) technique is preferable. Although
the classic technique has a well-established track record,
it is associated with a longer healing period, more discom-
fort, and a greater potential for infection, scarring, and
chronic ocular surface disease, among other risks.
Although commercially available epi-on approaches have
been reported to yield less efficacy than classic epi-off
CXL,1–3 recent modifications involving a unique riboflavin
formulation, delivery system, and ultraviolet-A (UVA)
pulsed treatment have improved the safety and efficacy
of this procedure.A–C

Conductive keratoplasty (CK), initially developed as a
treatment for hyperopia and presbyopia, has been used as
a potential adjuvant for corneal remodeling in conjunction
with CXL.4 Early reports of combined application of CK
and CXL to improve the corneal shape in patients with
advanced keratoconus showed only a temporary effect.5 A
more recent nonrandomized prospective noncomparative
case series of 209 eyes of 149 patients with ectasia had CK
followed by a same-day or next-day proprietary epi-on
CXL found improvement in CDVA 10 to 15 months after
the procedure.D However, the efficacy of CK followed by
epi-on CXL in the management of post-LASIK ectasia re-
fractory to epi-off CXL has not previously been reported.
We describe a patient with post-LASIK ectasia with addi-

tional progression after standard epi-off CXL. He was suc-
cessfully retreated using a combination of a proprietary epi-
on CXL system to stabilize the ectasia and CK to improve
vision.

CASE REPORT
A 41-year-old white man presented with a chief complaint of poor
vision in both eyes. His medical history was noncontributory. His
ocular history was significant for what was reportedly an unevent-
ful bilateral LASIK procedure performed 10 years before presenta-
tion. Preoperative, intraoperative, and postoperative data were not
available; however, the patient stated that he had a satisfactory vi-
sual outcome from that procedure. Our initial examination showed
an uncorrected distance visual acuity (UDVA) in the right eye of
20/30�2 and a corrected distance visual acuity (CDVA) of 20/
20C2 with a manifest refraction of �2.00 C 0.75 � 27. The
UDVA in the left eye was 20/400 and the CDVA was 20/30�2

with a manifest refraction of �3.00C 5.75 � 47.
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Figure 1. Scheimpflug-derived
anterior segment tomography shows
ectasia in the right cornea, charac-
terized by central and inferior
steepening.
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132 CASE REPORT: PROGRESSIVE CORNEAL ECTASIA TREATEDWITH TRANSEPITHELIAL CROSSLINKING
Scheimpflug-derived anterior segment tomography (Pentacam,
Oculus Optikger€ate GmbH) evaluation (Figures 1 and 2) showed
definite corneal ectasia in both eyes, with thinnest pachymetry
measurements of 345 mm in the right cornea and 312 mm in the
left. Our institutional review board (IRB)–approved CXL protocol
at that time mandated a minimum pachymetry of 375 mm before
UVA application. Thus, it was determined that the eye with the
worst acuity (left eye) required treatment with classic epi-off
CXL with the hopes that it would “swell” the cornea with hypoton-
ic riboflavin before CXL was performed. Successful swelling of the
left cornea was accomplished after debridement by instilling sterile
hypoosmolar riboflavin drops until the left cornea achieved a pre-
treatment thickness of 381 mm. The surgeon, at the slitlamp using
white and cobalt blue tangential slit beams, confirmed adequate
stromal riboflavin penetration. The patient did well postopera-
tively, with a UDVA of 20/400 and CDVA of 20/60C with a man-
ifest refraction of �19.00 C 6.00 � 096 at 12 months.
Vol. 43 Iss. 1 January 2017
One year later, the right eye, which had less advanced ectasia,
had proprietary epi-on CXL under an IRB-approved study proto-
col on December 28, 2011, using the same pulsed UVA device. At
that time, our research protocol had beenmodified to permit UVA
application if the corneal pachymetry was at least 300 mm, and epi-
on treatments became the preferred treatment of choice in our
study. Twelve months postoperatively, the patient's UDVA was
20/400 and his CDVA was 20/30C3 with a manifest refraction
of �11.25 C 5.25 � 101.
Four years after the epi-off CXL procedure in the left eye, the

patient presented with markedly reduced subjective and objective
visual acuity in the left eye. Examination of the left eye showed a
UDVA of 20/400 at 1 foot and a CDVA of 20/200 with a manifest
refraction of�13.00C1.50� 175. In the right eye, the UDVAwas
20/400 at 1 foot and the CDVA was 20/50 with a manifest refrac-
tion �13.25C3.75 � 116. Scheimpflug-derived anterior segment
Figure 2. Scheimpflug-derived
anterior segment tomography
shows even more marked ectasia
in the left cornea, characterized by
greater central and inferior steep-
ening and significant posterior
elevation.
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Figure 3. Scheimpflug-derived
anterior segment tomography af-
ter epi-off CXL performed on the
left cornea shows progression of
the ectatic changes, as evidenced
by the high positive values on
anterior sagittal curvature differ-
ence map.
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tomography, Snellen acuity, and refractions showed what ap-
peared to be an inadequate therapeutic effect from the crosslink-
ing, with a significant increase in irregular myopic astigmatism
and corneal curvature. The right eye, which had been previously
treated with epi-on CXL, remained stable when compared with
findings at the previous examination (Figures 3 and 4), and the pa-
tient was very satisfied with the improvement in CDVAwith a soft
contact lens.
This patient then had retreatment in the left eye on February 25,

2015, with CK (Refractec View Point CK) followed by epi-on CXL
using a proprietary transepithelial riboflavin formulation and de-
livery system and the same pulsed UVA device performed on the
following day.
Printouts of the patient's Scheimpflug-derived anterior segment

tomography scans were placed near the operating microscope and
placed upside down to align them with the surgeon's view of the
patient's eye. The initial 1 to 3 CK spots were placed at approxi-
mately the 3.0 mm optical zone (w1.5 mm from the corneal cen-
ter) in the steepest meridian corresponding to the steepest area of
the cone on the scan under real-time intraoperative keratometry.
This permitted the surgeon to monitor the effects of the CK spots
on corneal curvature. Additional CK spots were added as needed
after assessing the effect with intraoperative keratometry or serial
Scheimpflug-derived anterior segment tomography scans,
including subtraction difference maps. Because significant regres-
sion is known to occur in the first 24 hours after thermokerato-
plasty, the objective was to achieve an immediate overcorrection
of approximately 4.0 to 6.0 diopters (D) after CK spot placement.
The next day, proprietary transepithelial CXL was performed as
per our IRB-approved protocol.
The patient had a significant improvement postoperatively.

Three months after CK with CXL, the UDVA in the left eye was
Figure 4. Scheimpflug-derived
anterior segment tomography dif-
ference map after epi-on CXL re-
treatment in the right eye shows
no further progressionof the ectatic
changes, as evidenced by the “0”
values on the anterior sagittal cur-
vature difference map.
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Figure 5. Scheimpflug-derived
anterior segment tomography dif-
ferencemap of the left cornea after
CK and epi-onCXL shows a signif-
icant reduction in keratometric
astigmatism (from 7.3 D to 0.5 D)
with significant overall flattening.
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20/400 at 1 foot and the CDVAwas 20/80Cwith a manifest refrac-
tion of �9.25 C 4.00 � 174. Scheimpflug-derived anterior
segment tomography studies of the left eye after retreatment
showed improvement in overall corneal shape, especially anterior
sagittal curvature, as seen in Figure 5. One year after this retreat-
ment, the patient had stable vision in that eye; the UDVA re-
mained 20/400 at 1 foot and the CDVA was 20/60C2 with a
manifest refraction of �9.25 C 2.50 � 25.

DISCUSSION
This patient's post-LASIK ectasia and loss of vision
continued to progress despite treatment with epi-off CXL
(classic Dresden technique). In this case, further progres-
sion was halted by the use of epi-on CXL as well as CK.
Conductive keratoplasty has been reported to be a useful
adjunct to CXL.4,5,D–F Although this single case report is
insufficient to establish the best method to use for perform-
ing CXL, several salient observations can be made. We
believe the key issue should not be whether the epithelium
Figure 6. Slitlamp examination after the administration of riboflavin
using the proprietary epi-on technique shows uniform stromal
loading yet almost no epithelial fluorescence (solid yellow arrow).
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is or is not removed but whether the corneal stroma is or is
not adequately loaded with riboflavin. Our protocol re-
quires the surgeon to document adequate riboflavin stromal
loading before the UVA-light exposure is administered,
which is shown in Figure 6. Because epi-on CXL eliminates
most morbidity associated with traditional CXL, it is our
preferred technique unless precluded by an inadequate
corneal thickness, such as was the case with the patient's
left eye at the time of initial presentation.
Opponents of the epi-on technique have cited early liter-

ature3,6,7 that shows its efficacy to be inferior to the standard
epi-off Dresden protocol. However, in many of these
studies, the formulation of riboflavin was inadequate for
transepithelial delivery or loading of riboflavin was not
adequately documented. In addition, this proprietary trans-
epithelial riboflavin does not accumulate in the epithelium
and therefore appears to not block transmission of UVA
light or result in unnecessary consumption of oxygen by
riboflavin in the epithelium, as seen in Figure 6. Recently,
studies8,9 have shown that 1 unique epi-on CXL technology
might be effective. Certainly, longer follow-up with opti-
mized riboflavin formulations and loading systems will be
required to validate epi-on CXL as a first-line treatment.
Recent independent ex vivo rabbit studies8 compared the ef-
ficacy of optimized transepithelial riboflavin solutions. By
analyzing stromal loading through intact epithelium using
chromatography, the proprietary solution used in this pa-
tient has been shown to effectively load the corneal stroma;
however, another commercial transepithelial formulation
used in previous studies did not effectively load.
There have been other published reports of the progression

of keratoconus after epi-off CXL.1,2 This report highlights
that epi-on CXL, if performed with attention to appropriate
riboflavin loading of the stroma, might be able to stabilize
an ectatic cornea. As previously described,4,5,D–F when CK



135CASE REPORT: PROGRESSIVE CORNEAL ECTASIA TREATEDWITH TRANSEPITHELIAL CROSSLINKING
is performed sequentially (ie, 1 day before CXL), it can yield
more significant improvement in the overall corneal shape
and CDVA and merits further study.
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