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Surgical Visual
Rehabilitation Techniques

Surgeons share their preferences for visual rehab after CXL.

BY JEROME C. VRYGHEM, MD, PHD; EFEKAN COSKUNSEVEN, MD; ALBERT DAXER, MD, PHD;

A.JOHN KANELLOPOULOS, MD; AND RUDY M.M.A NUJITS, MD, PuD

INTRODUCTION:
JEROME C. VRYGHEM, MD, PHD

The therapeutic approach to treating keratoconus has
changed dramatically over recent years. Whereas in the
past ectasia undoubtedly progressed to corneal deforma-
tion and visual deterioration, we can now rigidify, stabilize,
and stop these symptoms using corneal collagen crosslink-
ing (CXL) with UV-A and riboflavin. This treatment may
also diminish the need for lamellar or penetrating kerato-
plasties.

Ectatic progression varies from one patient to another.
Although keratoconus has more chance to progress when
the onset is early, its development tends to slow down
after the 30 years of age. Therefore, age may cause sponta-
neous crosslinking of the collagen fibers in the cornea.

Since December 2005, | have treated 98 eyes with CXL—
| also participated in the European multicenter study led
by Theo Seiler, MD, PhD, of Zlirich, Switzerland. In my
practice, two distinct groups have showed the most inter-
est in CXL: younger patients with progressive keratoconus
(56%) and patients older than 30 years of age with stabi-
lized keratoconus and contact lens intolerance (27.5%).

Other patients interested in CXL include those with post-
LASIK ectasia (11%), combined myopia and forme fruste
keratoconus (3.5%), and post-penetrating keratoplasty
(2%).

Previously, intracorneal rings were the only accepted
option for surgical visual rehabilitation in noncrosslinked
keratoconic corneas, mainly because of their reversibility.
Topography-guided PRK was not a viable option because
it further thinned the cornea, thus increasing the risk of
destabilization. Recently, Nuijts and Budo found that pha-
kic IOLs could also provide satisfactory results in the kera-
toconic cornea; however, phakic IOLs placed on an unsta-
ble cornea may eventually need to be explanted and
replaced.

The recent prospect of using CXL to stabilize the kerato-
conic cornea and the refraction translates into maximized
postoperative results. The aim is neither to correct the full
refractive error nor obtain a perfect quality of vision—it is
to create acceptable vision without systematically depend-
ing on glasses or contact lenses. Once stability has been
demonstrated, new opportunities to rehabilitate vision of
the treated eye emerge, including topography-guided PRK
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Figures 1 and 2. A case of CXL and topography-guided PRK.The

patient’s preoperative BCVA was 0.8; his refraction was

+3.00 -2.75 X 20°. Postoperatively, his BCVA was 0.7; his refraction, +0.50 -1.00 X 5°.
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Figure 3. A case of CXL with a phaklc IOL. (A) The patient’s preoperatlve BCVA was 0.7; his refractlon was -7.00 -4.50 X 165°.

Postoperatively, his BCVA was 0.9; refraction was -1.00 -0.50 X 160°. (B) Postoperative view of the phakic IOL.

and phakic IOLs.

But which is the right procedure? We must rely on
parameters like spherical equivalent, degree of astigma-
tism, and the thickness of the cornea to distinguish
whether PRK or the phakic IOL is the right choice. The
only option for patients with high ametropia or astigma-
tism is the phakic IOL; however, for other patients, topog-
raphy-guided PRK may be an option. In either circum-
stance, rehabilitation must not begin any sooner than 3
months after CXL if the patient is older than 30 years; if
the patient is younger and has progressive keratoconus, at
least 1 year recovery is required prior to rehabilitation.

During topography-guided PRK, 75% of the cylinder is
removed as well as some or all of the sphere. The ablation
never exceeds 50 um, and the optical zone must at least
be 5 mm. Mitomycin C 0.02% is applied for 30 seconds to
avoid haze. Some surgeons, like A. John Kanellopoulos,
MD, PhD, perform topography-guided PRK and CXL in the
same procedure. The crosslinked surface layers are not
ablated in the second stage (PRK). The advantage is that
patients only need one surgery and experience visual
improvement immediately; however, this approach is in
the experimental stages.

Of the 98 eyes | have treated, surgical visual rehabilita-
tion techniques were performed on 32. Of the 22 with at
least 6 months’ follow-up, 13 eyes underwent topography-
guided PRK and nine received the phakic IOL.
Postoperative results of surgical visual rehabilitation after
CXL are encouraging, although patient expectations must
be realistic.

Both topography-guided PRK and phakic IOLs were
effective, and patients gained several likes of UCVA; how-
ever, the phakic IOL was safer and patients gained lines in
BCVA (Table 1).

Sixty-nine percent of patients were satisfied with their
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results after topography-guided PRK; however, frequently
patients complained about the side effects, possibly
because the treated eye stays in close competition with
the nontreated eye. Patient satisfaction was higher (86%)
in the phakic IOL group, mainly because the corrected
ametropia (ie, myopia and astigmatism) was higher.
Patients also experienced fewer side effects. In one case,
however, additional fine-tuning was done with topogra-
phy-guided PRK.

The surgical visual rehabilitation techniques that can be
applied on a stabilized keratoconic cornea after CXL offer
new perspective for all keratoconus patients who still have
a good BCVA (not lower than 0.3), cannot tolerate contact
lenses, and have a cornea that is not deformed enough to
undergo keratoplasty. If visual rehabilitation has failed,
lamellar or penetrating keratoplasty techniques still can
improve the visual quality of the patient.

I invited Efekan Coskunseven, MD, and Albert Daxer,
MD, PhD, to comment on their experience with CXL and
visual rehabilitation techniques. Both were asked to
answer the following questions: (1) What is your experi-
ence with CXL? What does your typical CXL procedure
entail? (2) How long do you wait in between CXL and visu-
al rehabilitation? (3) What visual rehabilitation technique
do you use? Does the patient’s circumstance dictate the
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course of treatment, and if so, how? (4) What is the
benefit of using crosslinking before surgical visual
rehabilitation? Is there any reason it should be
avoided? To follow are their responses.
EFEKAN COSKUNSEVEN, MD

(1) I started performing CXL in February 2006 at
the Dunya Eye Hospital in Instanbul, Turkey, after
learning the technique in Zurich, Switzerland, that

previous December. My first case in Turkey was a
keratoconus patient waiting for a donor cornea and
penetrating keratoplasty. Since then, our clinic has

done 578 CXL cases. All patients have been progres-
sive keratoconus cases, and we always start in the

eye with the higher grade of keratoconus. The treat-
ment procedure should be conducted under sterile
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conditions in the operating theatre. Topical anes-
thetic eye drops are applied.

Epithelium removal. | used to removed the cen-
tral 8 mm of the corneal epithelium; however, after
learning that riboflavin spreads twice as fast horizontally as
it does vertically, | began to remove the epithelium in three
1-mm thick bands, joining them at the bottom.
Epithelization was complete in approximately 2 days. But |
have again reverted to removing 8 to 9 mm of the epitheli-
um after recent discussions at the International Congress
of Corneal Cross Linking in December 2008 suggested that
incomplete corneal epithelium removal can change the
effectiveness of the treatment.

Riboflavin. As a photosensitizer, riboflavin 0.1% in dex-
tran T-500 20% is applied every 2 to 3 minutes for 30 min-
utes before and again during irradiation. Initially, we did
not apply UV-A light until the corneal thickness reached at
least 400 pm after epithelium removal and the hyperos-
molar riboflavin was applied. However, the corneal thick-
ness frequently did not reach 400 um, and | had to apply
hypotonic riboflavin. As part of my regular routine, | now
apply hypotonic riboflavin and 1 drop of distilled water
every 30 seconds for 10 minutes. If thickness is still below
400 pm, | wait an additional 10 minutes, asking the patient
to sit with his eyes closed. This is typically enough to cause
swelling to at least 400 um.

UV light. After removing the epithelium and applying
the hypertonic riboflavin solution, the cornea loses water
and gets thinner. Riboflavin should permeate through the
cornea and into the anterior chamber with yellow-green
tindalization. If the measured cornea is greater than 400
pm, irradiation is initiated using a UV-A lamp (370 nm;
Peschke GmbH, Huenenberg, Switzerland) at a 6-cm work-
ing distance for 30 minutes using 3-mW/cm2 irradiance
(~5.4)/cm?2).

| pay special attention to focusing and limbal protection,
using special sponges to protect limbal stem cells. After 15

Figure 5. CXL is performed on the worse eye 1 month after intra-
corneal ring implantation and 1 month afterward in the second eye.

minutes, pachymetry is repeated. If the measurement is
less than 400 pum, the hypotonic solution and distilled
water is applied every 30 seconds for 10 minutes. If the
pachymetry is still less than 400 um, the patient waits for
10 minutes, eyes closed, and | continue after the pachyme-
try reaches 400 um.

After treatment. The antibiotic eye drop ofloxacin 0.3%
(Exocine; Allergan, Inc, Irvine, California) is applied, and a
bandage contact lens is fitted to the corneal surface until
re-epithelialization. The contact lens is removed typically
on day 3, and the patient is prescribed topical steroid dex-
ametasone phosphate 0.1% (Maxidex; Alcon Laboratories,
Inc, Fort Worth, Texas) four times daily, with gradual
decrease over the following 2 months.

Complications. | have only seen one complication, in
our 10th case. This 21-year-old male experienced delayed
epithelialization for 14 days. Although there was no sign of
infection, | was concerned; however, the end result was
good.

In two additional cases, | observed a deep stromal effect
with no endothelium damage. In my opinion, this was
because the initial thinning went over what was planned.
At the time these procedures were performed, | ensured
that the corneal thickness was 400 pm at the start of the
operation; however, | did not measure the corneal thick-
ness again during the UV-A light application. Today, |
wound not apply UV-A light until the residual corneal
thickness reaches 400 pm.

(2) If the patient is already a contact lens user, he may
begin to use his lenses 15 days after epithelialization. If a
gas-permeable contact lens was previously used, new ker-
atometry readings must be taken. Contact lens use may
then begin between 1 and 3 months after reepithelializa-
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tion. Otherwise, the gas-permeable contact lens may not
fit the cornea properly.

(3) For visual rehabilitation additional to CXL, | prefer
gas-permeable contact lenses or intracorneal ring seg-
ments as treatment options. We first evaluate our kerato-
conic patients on the basis of BCVA. If BCVA is not
reduced, keratoconus is observed only in topographic
maps, and we are sure that there is no amblyopia or other
pathology we do not use visual rehabilitation techniques
but continue to follow the patient closely. If the patient is
younger than 30 years of age, | prefer follow-up every 3
months; however, follow-up every 6 months is sufficient
for older patients.

I only perform CXL if there is proved progression. If pro-
gression is not evident, CXL should not be the first choice
of treatment. If (1) there is no change in BCVA but the
maximal keratometry reading changes of 1.00 D or more
at any point on the cornea or (2) corneal thickness
decreases by 20 um, keratoconic progression is evident
and, at this point, we should perform CXL. If BCVA is less
than 20/20, it is measured with gas-permeable contact
lenses. If it increases and if the patient is comfortable with
the contact lens, we follow up every 3 months.

If the patient cannot use gas-permeable contact lenses, |
recommend intracorneal ring segments for visual rehabili-
tation. BCVA with gas-permeable contact lenses is the
maximum visual acuity that we can obtain after implanta-
tion of intracorneal ring segments, although | never prom-
ise that much visual acuity to the patient. First-month val-
ues are taken as a reference, and third-month values are
compared with the reference values. | perform CXL if kera-
toconic progression is noticed.

In certain conditions, the combined treatment of intra-
corneal ring segment implantation followed by CXL must
be altered to cater for the patient’s situation, including
patients younger than 20 years old, those with corneal
thickness less than 400 pm (with the risk of superficial
migration of the segments), or the patient is unavailable
for follow-up. In these conditions, we perform CXL treat-
ment on the worse eye 1 month after intracorneal ring
implantation and follow with CXL on the second eye 1
month afterward (Figure 5).

Keratoconic progression after intracorneal ring segment
implantation is uncommon; however, it is hard to tell if
progression stopped before or after treatment. | never
promise the patients that intracorneal rings will stop pro-
gression.

Advantages of ring segments include a more effective
optical zone (5 mm), more arc options (90, 120, 160, 210),
and a more consistent nomogram. My first experience
using CXL after implantation of an intracorneal ring seg-
ment was in a patient with progressive keratoconus and
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corneal thickness of 400 um. | had to remove the segments
from one eye because of superficial migration. To avoid
migration in the second eye (which was same thickness), |
performed CXL. One year later, there is no problem with
migration or melting in the second eye. After this experi-
ence, | performed ring segment implantation followed by
CXL in 48 eyes of 43 patients with progressive kerato-
conus. Results were promising, with patients experiencing
a greater improvement in UCVA, BCVA, cylinder, and
spherical equivalent compared with CXL followed by ring
segment implantation. Additionally, simultaneous intra-
corneal ring segment and CXL is unnecessary.

(4) CXL may only make minor changes on UCVA and
BCVA; however, our study showed a mean increase of 0.5
lines in UCVA and BCVA in 27 eyes after CXL. The spheri-
cal equivalent, cylinder, and mean keratometry decreased
by 1.39 D (P<.05), 0.44 D, 0.88 D, respectively.

CXL shouldn’t be used if the central corneal thickness is
below 400 um and if there is any accompanying corneal
pathology or active ocular infection; it is also contraindi-
cated in patients who are pregnant or breast feeding.

ALBERT DAXER, MD, PHD

(1) We use CXL as a supplemental treatment to corneal
intrastromal surgery (CISIS) in keratoconic patients. CISIS is
performed by means of a particular microkeratome
(PocketMaker; Dioptex GmbH, Linz, Austria) to create a
closed corneal pocket in which a flexible full ring implant
(MyoRing; Dioptex) is inserted via a small incision tunnel.

(2) Usually, we perform CXL 2 months before CISIS; how-
ever, we recently performed them simultaneously, which
also works well. | have developed a new technique for com-
bining CISIS with CXL in one session, injecting the
riboflavin into the corneal pocket created with the
PocketMaker. This involves four steps: (1) creating a corneal
pocket, (2) injecting riboflavin into the corneal pocket, (3)
UV-radiation of the cornea without corneal abrasion, and
(4) implantation of the MyoRing into the corneal pocket.
The advantage of this technique is that it avoids corneal
abrasion. Therefore, patients do not suffer from pain and
have a shorter recovery time.

(3) As a visual rehabilitation technique in keratoconus,
we use only CISIS. In the case of advanced keratoconus or
indication of progression, we combine it with CXL to get
good long-term results.

(4) CXL hardens corneal tissue and amplifies the effects
of the MyoRing in advanced keratoconus cases. The
MyoRing can improve the central keratometry reading by
more than 10.00 D. Additionally, we hope that CXL will
freeze the corneal shape and stop progression.

I do not see any reason to avoid CXL before CISIS in
these cases. In particular, patients with a corneal thickness



COVER STORY

under 400 um obtain good results with
this combination. We have even treated
cases with corneal thickness as low as 350
pm. Injection of riboflavin into the corneal
pocket or the use of hypotonic solutions
before UV-radiation guarantees that the
400 pm limit for CXL is not violated, even
in such cases.

A.JOHN KANELLOPOULOS, MD

Below are my thoughts on visual rehabil-
itation after CXL. For a complete descrip-
tion of my technique, see my article,
Sequential Versus Simultaneous CXL and
Topography-Guided PRK, on page ___.

(1) My experience with CXL began in
2002, when | was inspired by one of
Professor Seiler’s presentations on experimental CXL. At
my center in Athens, the Laservision.gr Institute, we com-
menced performing CXL in post-LASIK ectasia cases as the
third European center, following Dresden and Zurich.

| was immediately impressed with its ability to stabilize
the cornea, making visual rehabilitation possible in corneas
that were otherwise destined for penetrating keratoplasty.
My practice sees an exuberant number of young kerato-
conus patients from Greece and Cyprus, many of whom
sooner or later were considered for PK if the cone exceed-
ed reasonable rehabilitation with contact lenses and/or
Intacs.

| have since treated more than 900 cases, with 6-year fol-
low-up in many patients. Our crosslinked cases prove to
be stable; however, visual rehabilitation is often a challenge
when patients are contact-lens intolerant. This problem
coincided with my early success with the topography-
guided software from Wavelight (Erlangen, Germany). |
had worked on several protocols in treating highly irregu-
lar corneas, and the thought of employing topography-
guided PRK in some of these cases was pressing. The con-
cern was whether these corneas would ablate like normal
corneas and if it was safe to rehabilitate vision at the cost
of further thinning the cornea. We introduced the novel
approach of a therapeutic partial topography-guided PRK
on crosslinked corneas following post-LASIK ectasia and
primary keratoconus, and it has proven so far to be a great
success. Some of these findings have been presented at
meetings including the Association for Research in Vision
and Ophthalmology (ARVO) and the American Academy
of Ophthalmology (AAO)—and of course in CRST first!

(2) Following completion of numerous CXL cases fol-
lowed by topography-guided PRK, I have switched to per-
forming a combined simultaneous technique: | perform
topography-guided PRK first (usually a partial PRK, mainly

Figure 6. Before/after and difference topographies.
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Figure 7. Cornea OCT pachymetry.

therapeutic in design) followed by CXL immediately after.

Why bother with topography-guided PRK in the first
place? Our long-term follow-up of CXL alone in kerato-
conus appears to halt ectasia progression; however, it also
appears to leave the patient with puzzling visual rehabilita-
tion when spectacles and contact lenses are ineffective or
intolerable. In the patient population we have encoun-
tered over the years, the great majority will reach the point
when CXL has successfully halted ectasia progression. The
overwhelming reality of the efficacy of topography-guided
PRK has been the dramatic reduction of penetrating ker-
atoplasty cases performed for keratoconus indications
over the last 4 years.

(3) As | mentioned, | perform topography-guided PRK
to normalize the cornea. | have also implanted phakic IOLs
in cases with high residual myopia, specifically the Verisyse
(Ophtec BV, Groningen, Netherlands).
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Figure 8. Cornea OCT crossection showing the depth of the
CXL process at two-thirds to three-quarters of the central
cornea.

(4) CXL prior to a phakic IOL will produce a more stable
ground for calculating the refractive error. In routine cases,
| prefer to combine it with a partial-therapeutic approach,
or topography-guided PRK, for several reasons. (1) |
believe it synergizes the improvement of BCVA because
the normalized cornea redistributes intraocular pressure to
a broader area of the cone, just the apex, adding to post-
stability. (2) By removing Bowman's layer and some stro-
ma, penetration of riboflavin is instant, facilitating rapid
and deeper CXL. (3) By combining CXL and subsequent
therapeutic topography-guided PRK and avoiding the
removal of crosslinked tissue with PRK later, the stability of
CXL is preserved. (4) We have encountered much less haze
when combining PRK and CXL versus PRK after CXL. This
combination reduces the time away from work. If the
practitioner waits in between procedures, keratocytes
replenish and are activated by fibroblasts after the PRK.
They may cause more scarring, even with the use of mito-
mycin. Performing both procedures at the same time with
the PRK first tends to minimize any potential scarring
from the PRK.

Figures 6 through 9 demonstrate a case where topogra-
phy-guided therapeutic PRK was combined with CXL for
keratocous. One year later, a Verisyse phakic IOL was
implanted. At 1 year, the patient’s UCVA improved to
20/25 from 20/400. BCVA improved to 20/20 from 20/70
(Figure 9).

My personal experience with CXL has made me confi-
dent that it may develop as a viable adjunct to routine
LASIK surgery. We have presented our exprience with in-
the-flap prophylactic CXL in femtosecond LASK and are
working on several protocols of UV-A fluence of 5, 7, and
15 mW/cm? to shorten the treatment time. Initial results
look extremely promising. Collagen crosslinking is a rela-
tively new technique, and therefore ongoing and future
experience will validate optimal UV light fluence, riboflavin
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Figure 9. At 1 year, the patient’s UCVA improved to 20/25
from 20/400. BCVA improved to 20/20 from 20/70.

concentration, and mode of administration (on the sur-
face versus intracorneal). In my opinion, it will become the
ultimate tool in customizing corneal biomechanical behav-
ior.

RUDY M.M.A NUIJTS, MD, PHD

(1) We started using CXL as a treatment in progressive
keratoconus relatively late in 2007. Our inclusion criteria
include documented progression by corneal topography,
BCVA greater than 0.4, pachymetry greater than 400 um, a
central clear cornea, and an age of at least 18 years old. We
use the protocol as described by Wollensak et al,1 consist-
ing of corneal abrasion, application of 0.1% riboflavin for
30 minutes, and 30 minutes of irradiation with UV-A light
using 3 mW/cm?. A soft bandage contact lens is applied
together with postoperative oxyfloxacine 0.3% and dex-
amethasone 0.1%. Typically, we could see a demarcation
line 1 month postoperatively in the ocular coherence
topography image that divides the treated and untreated
cornea at an average depth of 313 um (Figure 10). We
have seen a stabilization of BCVA and corneal topography
6 months postoperatively.

(2) Additional treatments for visual rehabilitation are
indicated at least 3 months after CXL. However, patients
usually return to contact lens wear that, in the majority of
cases, now consists of scleral contact lenses.

(3) Additional surgical treatments may consist of fem-
tosecond laser-assisted implantation of corneal rings to cen-
tralize the area of steepness or of phakic IOL implantation
to correct a large refractive error. The latter treatment is
only indicated when there is a potential for good BCVA of at
least 0.5.

In a series of 19 patients with stable keratoconus (stages 1
to 2), Camille Budo, MD, and | have implanted Artisan
(Ophtec BV, Groningen, Netherlands) toric phakic IOLs.
Refractive astigmatism decreased from -4.57 +2.06 to -1.49



Figure 10.The demarcation line at 1 month, dividing the treat-
ed and untreated cornea at an average depth of 313 um.
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Figure 11. Refractive astigmatism decreased from -4.57 +2.06
to -1.49 £1.31 and spherical equivalent from -8.15 +7.99 to
-0.34 £1.00.

+1.31 and spherical equivalent from -8.15 £7.99 to -0.34 £1.00
(Figure 11). A total of 84% of patients had a BCVA of at least
0.5 and 72% gained at least one line of BCVA (no patients lost
more than two lines). In one case, we had to explant the pha-
kic IOL because of progressive endothelial cell loss due to eye
rubbing. We prefer phakic I0Ls because of their reversibili-
ty—the lens can be explanted in the future when needed. In
three cases, we have now applied a sequential treatment with
CXL, femtosecond laser-assisted Intacs implantation, and
toric Artisan implantation (Figure 12). Currently, we combine
CXL with corneal ring implantation in cases with progressive
keratoconus and contact lens intolerance.

(4) Since CXL has resulted in at least stabilization of the
corneal shape, | prefer to stabilize the cornea first in cases
where progression has been documented before further
surgical rehabilitation. However, there may be cases of ker-
atoconus where progression does not occur on the short
term and here a more restricted treatment strategy is rea-
sonable. Currently, we have not crosslinked cases with a
thickness under 400 pm, and | await reports in the peer-
reviewed literature to prove its safety in these cases.

Efekan Coskunseven, MD, practices with the Dunya Eye
Hospital, Istanbul, Turkey. Dr. Coskunseven states that he has
no financial interest in the products or companies mentioned.
He may be reached at tel: +90 212 362 32 32; fax: +90 212
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Figure 12. Sequential treatment with CXL, femtosecond laser-
assisted Intacs implantation, and toric Artisan implantation.

275 05 80; e-mail: efekan.coskunseven@dunyagoz.com.
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