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Keratectasia following Jaser in s1tu keratomﬂeums (LASIK) have been described as
post-LASIK ectasia3.

Randelman et al introduced analysis of different series of eyes developing post-
LASIK ectasia has suggested that certain preoperative and/or operative features may

be associated with this adverse outcome of LASIK or PRK surgery+.
The fact that ectasia can occur in the absence of these features, or that it does not
occur in spite of the presence of these features5 has confounded our understanding

this complication entity.
1.Binder, PS, Ectasia after laser in situ keratomileusis. J Cataract Refract Surg, 2003. 29: p. 2419-2429.
2.Randleman, JB, Russell, B, Ward, MA, et al., Risk Factors and prognosis for corneal ectasia after LASIK.

Ophthalmology, 2003. 110: p. 267-275.
3. Tabbara, K and Kotb, A, Risk Factors for Corneal Ectasia after LASIK. Ophthalmology, 2006. 113: p.

1618-1622.
4.Klein, SR, Epstein, RJ, Randleman, JB, et al., Corneal ectasia after laser in situ keratomileusis in patients

without apparent preoperative risk factors. Cornea, 2006. 25: p. 388-403.
5.Binder, PS, Analysis of ectasia after laser in situ keratomileusis: risk factors. J Cat Refr Surg, 2007. 33: p.

1530-1538.
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PTA: Percentage tissue altered maybe a more sensfuve marker for ectasia progn051s
My personal experience in treating over 50 patients is always associated with vigorous

eye rubbing

Nevertheless, post-LASIK ectasia is a visually-disabling complication with ultimate
surgical treatment, if not diagnosed earlier, is penetratingor lamellar keratoplasty
when glasses or contact lenses can no longer provide patients with the vision quality
to permit their activities of daily living.

Santhiago MR. Percent tissue altered and corneal ectasia. Curr Opin
Ophthalmol. 2016 Jul;27(4):311-5.
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Over the last 10 years, the use of topical Riboflavin-A combined with
ultraviolet-A (UV A) irradiation to increase collagen cross-linking (CXL) has
demonstrated the potential for retarding or eliminating the progression of
keratoconus and post-LASIK ectasia. We have previously reported in the
application of CXL in post-LASIK ectasia®, that once the progression has
stabilized, it is possible to treat the surface of the eye with customized
photorefractive keratectomy to normalize the corneal surface by reducing
irregular astigmatism and potentially reducing the refractive error as well, in
order to provide improved visual outcomes in addition to the stabilization of
the disease process 7:8. We have subsequently introduced the utilization of
these two intervention modalities in the management of keratoconus,
combined the same day 91
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Diagnosis of Ectasia: A diagnosis of ectasia was made when patients
developed progressive corneal steepening associated with an increasing
myopic and/or astigmatic refractive errors two or more months following
LASIK surgery. These findings were combined with increasing inferior
corneal steepening and thinning based on videokeratography and ultrasound
pachymetry'4. The pre-LASIK operative clinical data and topography were
requested from the referring physicians or primary LASIK surgeons for
analysis. Progression of the myopic refractive error with or without
progression of the manifest astigmatism, decreasing UCVA, loss of BSCVA,
progressive inferior corneal steepening on topography, and/or decreasing
inferior corneal thickness were findings in all of our cases.

= Eye Institute

Prof. A. John Kanellopoulos, MD
www.brilliantvision.com




ectasia?
Importance of understanding cornea imaging
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Not Post-LASIK ectasia, just a decentered hyperopic ablation
This case underscores the importance of cornea imaging
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Post-LASIK Ectasia

Dear Editor:
I report a patient who had post-LASIK ectasia and was
managed in a novel fashion, without keratoplasty.

A 29-year-old male underwent uniocular LASIK 38 months
ago. Little detail was available from the patient and the sur-
geon. His original uncorrected visual acuity (UCVA) before
LASIK was 20/80, and his spectacle-corrected visual acuity
(BSCVA) was 20/20 with refraction of sphere being
—2.00—175%85. Initially after the LASIK procedure, the
patient reported that vision was good. During the following
months, vision in that eye deteriorated. The original LASIK
surgeon diagnosed ectasia and recommended the placement
of Intacs (Addition Technology, Des Plaines, IL). After
Intacs placement, his vision did not improve, and the patient
developed severe night vision halos.

The treating LASIK surgeon then recommended pene-
trating keratoplasty (PK) as the next step, and the patient
came for a second opinion for PK, 11 months after the
original LASIK procedure and 3 months after Intacs im-
plantation. Corneal topography is shown in Figure 1 (avail-
able at http://aaojournal.org): the central corneal thickness
was 410 um, and the endothelial cell count was 2750
cells/mm? (Conan, Boston, MA). I discussed with the pa-
tient the following:

1. The poor long-term experience with Intacs in post-
LASIK ectasia that I have reported.'

2. The benefits and risks of PK.

3. Combined ultraviolet radiation and riboflavin treat-
ment to achieve collagen cross-linking and biome-
chanical stabilization of the ectasia.

After informed consent was given, I removed the Intacs.
Two weeks later, I treated the ecstatic cornea with a single
application of combined ultraviolet radiation and riboflavin
treatment to achieve collagen cross-linking at 3 mW/cm? for
30 minutes (KeraCure, Priavision, Menlo Park, CA) com-
bined with the use of 0.1% riboflavin ophthalmic solution in
20% dextran T-500.

The treatment was performed after 20% alcohol-assisted
epithelial removal. The riboflavin solution was then applied for
approximately 2 minutes to soak the stromal bed and protect
cry. line lens, and retina from the ultraviolet A
irradiation, and then 1| drop every 2 minutes for a total of 30
minutes. A bandage contact lens was placed onto the cornea
for 5 days and the patient treated with topical ofloxacin 1%
(Ocuflox, Allergan, Irvine, CA) and prednisolone acetate 1%
(Predforte, Allergan) 4 times a day for 10 days.

At 3 months, his UCVA improved from 20/400 to 20/70
and his BSCVA from 20/200 to 20/40. Refraction changed
from —4.50—4.50<120 to —4.00—3.50X 115, and corneal
topography changed as seen in Figure 1. The stability of
these parameters and the corneal topography between

months 1 and 3 of this treatment encouraged me to proceed
with topography-guided photorefractive keratectomy (PRK)
to reduce the irregular astigmatism and try to provide the
patient with a visual acuity not requiring the use of specta-
cles or a soft contact lens.

The corneal thickness at that point of 420 pum enabled a
PRK of his full spectacle correction with a topography-
guided customized ablation on top of the LASIK flap
(T-CAT software, Wavelight excimer laser, Wavelight, Er-
langen, Germany). At the first post-PRK month, UCVA was
20/20° and BSCVA 20/20, with a refraction of
+0.50—0.50%<160. There was no corneal endothelium
count change. It is now 24 months after the operation and
the patient enjoys UCVA of 20/20, although there are
some mild night vision problems. Postoperative corneal
topography is shown on Figure 1.

The most frequent management for post-LASIK ectasia
has been PK.? Previous reports of the use of combined
ultraviolet radiation and riboflavin treatment to achieve
collagen cross-linking mention a slowing down of kerato-
conus.? We have reported the management of extreme cor-
nea irregularity with topography-guided ablations.* This is
the first report of management of post-LASIK ectasia with
combined ultraviolet radiation and riboflavin treatment to
achieve collagen cross-linking followed by customized
PRK for visual rehabilitation. The apparent corneal stabil
zation, along with the successful visual rehabilitation, sug-
gests that this approach may have a wider application as an
alternative to therapeutic PK.

Larger comparative studies and longer follow-up are
obviously necessary to validate the long-term efficacy of
this combined ultraviolet radiation and riboflavin treatment
followed by a surface excimer laser treatment. Nevertheless,
the refractive and topographic stability for 2 years appears
to validate this minimally invasive treatment of iatrogenic
keratectasia and leads me to believe that it may have an
even wider application in the near future.

A. Joun KANELLOPOULOS, MD
Athens, Greece
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of this case when first seen by the authors, with central cornea ectasia and

spectacle-correcred visual acuity (BSCVA) is 20/200. 2, Corneal

ﬂa(r(‘nlnﬂ s vty e of thie Truracs thie wees preseat: At this poine, e
months after the removal of Intacs and 1 month after combined ultraviolet radiation and riboflavin treatment to achiev .
relative to the previous image is appreciated mostly at the midperiphery, which

central steepening is still present, and the effect of the Intacs remov,
appears steeper now. At this point, BSCVA is 20/200. Bottom center, An estimared corneal topographic ablation pattern as a laser treatment plan of the
topography-guided procedure. It is norable that this ablation pattern is highly irregula
which martches, however, the central cornea irregularity
phororefractive keratectomy. The central cornea appears more regular and much flatrer.
Comparison map depicrting the result of subtraction of corneal topography 4 (final result) from corneal topography 1 (state of the complication wh
resembles the topography-guided ablation pattern (bottom center), demonstrating effectively the specificity

with a deeper ablation plan just inferior to and right of the cencer,

‘At this point, BSCVA and UCVA

encountered ir). Impressively,

of this treatment in reducing the parhogenic cornea irregularity, which, we theorize, contributed to the drastic improvement in BSCVA.

J Ophthalmol June 07: CXL and then topo-guided PRK in post-LASIK ectasia
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Collagen Cross-Linking (CCL) With Sequential
Topography-Guided PRK
A Temporizing Alternative for Keratoconus
to Penetrating Keratoplasty

A. John Kanellopoulos, MD*7} and Perry S. Binder, MS, MD§

Purpose: To assess the effectiveness of ultraviolet A (UVA)
irradiation—induced collagen cross-linking (CCL) on keratoconus
{KC) progression.

Methods: A patient with bilatemal, progressive KC underwent
UVA irmadiation (3 mW/cm® for 30 minutes) after topical 0.1%
riboflavin drops over a deepithelialized cornea. Twelve months later, a
topography-guided penetrating keratoplasty (PRK: wavelight 200 Hz
Eye-Q excimer) was performed in | eye for a refractive error of
~3.50 ~4.00 x 155 by using an attempted treatment of —2.50
~3.00 X 155. At all postoperative follow-aup visits to I8 months,
uncorrected visual acuity (UCVA), best spectacle-corrected visual
acuity (BSCVA), pachymetry, and topography were performed.

Results: In the treated left eve, the UCVA after the UVA CCL
improved from 20/100 to 20/80, and the BSCVA improved from
20/50 1o 20/40. Eighteen months afler the topography-guided PRK,
the UCVA was 20/20, and the BSCVA was 20/15, with a refractive
error of Plano —0.50 < 150. The cornea was clear, and the endo-
thelial cell count remained inchanged. The untreated right mate eve
continued to progress during the same period.

Conclusions: The significant clinical improvement and the
apparent stability of more than a year after UVA CCL, and subse-
quent PRK compared with the untreated mate eye, seems to validate
this treatment approach for KC. An adjusted nomogram may be
considered in the ablation of cross-linked cornea tissue to avoid
overcor rections.

Kev Words: keratoconus, cornea ectasia, surgical management,
collagen cross-linking, ultraviolet A, riboflavin, customized topography-
guided cornea ablation, visual rehabilitation

(Comea 2007:26:891-895)

New York University
School of Medicine

eratoconus is a bilateral, nonsymmetric, and noninflam-

matory progressive corneal degeneration. Its mcidence has
been thought to be 1 in 2000 in the general population.' but the
increased number of eyes undergoing screening for laser
refractive surgery suggests the prevalence may be higher. It
can be diagnosed at puberty, with up to 20% of the eyes pro-
gressing to the extent that penctrating keratoplasty is
indicated.? Although spectacles and contact lenses can provide
useful vision in many cases, there are several surgical options
for those cases that can no longer benefit from them: implan-
tation of intracorneal ring segments (Intacs or Ferrera rings).”
lamellar keratoplasty,” or penctrating keratoplasty.” Other
ectatic corneal disorders such as Pellucid marginal degener-
ation® and post-LASIK ectasia® require similar treatment
approaches. Although penetrating keratoplasty for ectatic cor-
neal disorders is highly successful, many eyes require contact
Ienses to correct the unpredictable topographic changes that
are associated with sutures and postsuture abnormal corneal
shapes, and sometimes the contact lens is not successful.”

In recent years, basic laboratory studies and subsequent
clinical studies have suggested that by increasing the collagen
cross-linking (CCL) of the corneal stromal collagen, one is
able to increase the stiffhess (biomechanics?) of the cornea
with attendant stabilization of the normally progressive
comeal disorder.® '® We present a case of bilateral progressive
keratoconus that underwent unilateral CCL followed by PRK
with an excellent outcome.

CASE REPORT
A 26-year-old male patient had been treated with gas-
permeable contact lenses for 8 years before his presentation. Because
of debilitating giant papillary conjunctivitis he was no longer able to
wear the contact lens: spectacles were unable to provide functional
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Over the last 7 years we have treated over J Cornea

800 cases of KCN and ectasiawith CXL August
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Management of Corneal Ectasia After LASIK/Kanellopoulos & Binder

Management of Corneal Ectasia After LASIK
With Combined, Same-day, Topography-
guided Partial Transepithelial PRK and
Collagen Cross-linking: The Athens Protocol

Anastasios John Kanellopoulos, MD; Perry S. Binder, MS, MD

JRS 2011

Management of Corneal Ectasia After LASIK/Kanellopoulos & Binder
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Figure 2. Case 2. Topography on the left
shows marked inferior steepening before

| topography-guided PRK/CXL treatment. The

topography on the right shows the same
comnea 18 months after topography-guided
PRK/CXL with marked flattening of the
comeal ectasia and normalization of the
comnea.

Figure 3. Case 3. Clinical course of the
right eye. A) 3 years after

True Het Power
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ectasia and was offered Intacs (Addition
Inc, Des Plaines, Illinois) or a corneal tran:
He presented to our institution in Sept:

3 years after LASIK. Uncorrected distance visual acu-
ity was 20/40 in the right eye and 20/15 in the left eye.
Manifest refraction was +1.50 —2.00 X 65 (20/20) in

Technology
splant.
ember 2007,

tometry was 41.62@6!
41.75/42.12@10 in t!
pachymetry was 476
in the left eye.

On September 13,

LASIK demonstrates irregular astigmatism
and marked inferior corneal steepen-
ing. Uncorrected distance visual acu-
ity was 20/40 and corrected distance
visual acuity was 20/20 with refraction
of +1.50 —2.00 x 65. B) Topography 3
months after topography-guided PRK/CXL
procedure demonstrates a flatter and
normalized cornea. Uncorrected distance
visual acuity was 20/15. C) Topographic
reproduction of the topography-guided
PRK treatment plan with the WaveLight
platform. This platform plans to remove
tissue in an irregular fashion to normalize
the corneal ectasia seen in Figure 3A. D)
Comparison map, derived from subtract-
ing image B from A, represents the topo-
graphic difference in this case 3 months
after the combined treatment. The para-
central flattening is self-explanatory, as
the PRK and CXL have flattened the cone
apex. The superior nasal arcuate flatten-
ing represents the actual part-hyperopic
correction, which the topography-guided
treatment has achieved, to accomplish
steepening in the area central to this arc.
Thus, the topography-guided treatment
has normalized the ectatic cormea by flat-
tening the cone apex and at the same
time by “steepening” the remainder of the
central cornea.

the right eye and plano (20/15) in the left eye. Kera-

5/43.62@155 in the right eye and
he left eye. Central ultrasound
pm in the right eye and 490 pm

2007, 39 months after LASIK,

Figure 4. Case 4. Pentacam comparison of the right eye. The left column shows the data and topography before topography-guided PRK/CXL. The
center column shows the postoperative data and topography. The right column shows the difference (pre- minus postoperative).
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The Athens Protocol 4 steps:
same day partialPRK > PTK > MMC > CXL (bmW/cm2 x 15 min)

Figure 4.1: Epithelium removed with 50 micron PTK Figure 4.3: Topography-guided PRK to correct part of the refractive
error (TCAT treatment plan) maximal thickness removal 50 microns
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Surgical Procedure

Cross-section of a keratoconic cornea
conus location

1. Partial topography-guided excimer- A D
laser ablation, employing
photorefractive keratectomy (PRK) in & e s o gomn v
combination with the T-CAT s T .
procedure. Optical zone 5.00 to 5.50 RRMpET—
mm.
2. Excimer-laser ablation (uniform 50 c i F ARRARALL

um over a 7.00 mm zone), employing
the PTK mode.

3. CXL with UV-A irradiance of 6 mW/
cm?, applied for 15" employing the
KXL I or II system (Avedro Inc.,
Waltham, MA).
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ORIGINAL ARTICLE

Novel Placido-derived Topography-guided
Excimer Corneal Normalization With
Cyclorotation Adjustment: Enhanced Athens
Protocol for Keratoconus

Anastasios John Kanellopoulos, MD; George Asimellis, PhD

ABSTRACT

: To i i igate the efficacy
of the enhanced Athens Protocol procedure guided by
novel Placido-d d with {
compensation (the cyclorotation adjusted group) to
similar cases guided by Scheimpflug-derived tomogra-
phy without cyclorotation compensation (the non-cyclo-
rotation adjusted group).

METHODS: Two groups were evaluated: the cyclorota-
tion adjusted group (n = 110 eyes) and the non-cyclo-
rotation adjusted group (n = 110 eyes). Analysis was
based on digital processing of Scheimpfiug imaging
derived curvature difference maps preoperatively and 3
months postoperatively. The vector (r, ¥) corresponding
to the steepest corneal point (cone) on the preopera-
tive surgical planning map (rp, 1‘)9) and on the curvature
difference map (r,, 9,) were computed. The differences
between the peak topographic angular data (A% = H)n
- 9,]) and weighted angular difference (WAD = A9 X
Ar) were calculated.

RESULTS: For the cyclorotation adjusted group, A was
7.18° + 7.53° (range: 0° to 34) and WAD was 3.43
+ 4.76 mm (range: 0.00 to 21.41 mm). For the non-
cyclorotation adjusted group, A9 was 14.50° + 12.65°
(range: 0° to 49°) and WAY was 10.23 * 15.15 mm
(range: 0.00 to 80.56 mm). The cyclorotation adjusted
group appeared superior to the non-cyclorotation ad-
justed group, in both the smaller average angular differ-
ence between attempted to achieved irregular curvature
normalization and in weighted angular difference, by a
statistically significant margin (A9: P = .0058; WAd:
P = .015).

CONCLUSIONS: This study suggests that employment

of the novel Placido-derived topographic data of highly

imegular corneas, such as in keratoconus, treated with
guided profile with

tion leads to markedly improved cornea normalization.

U Refract Surg. 2015;31(11):768-773.]

orneal cross-linking (CXL) is considered a valid
option for progressive keratoconus/corneal ectasia
treatment.! By increasing corneal biomechanical

strength, CXL results in keratectasia arrest.? In addition, CXL
has also been shown to improve corneal irregularity and re-
duce central anterior corneal steepening.*

Combined with CXL, partial anterior surface normalization
via topography-guided customized partial excimer laser abla-
tion may offer, in addition to keratectasia arrest, improved
topographic and refractive outcomes.** The Athens Protocol
comprises phototherapeutic keratectomy (PTK) of 50 pm, a
partial photorefractive keratectomy (PRK) for the topography-
guided customized anterior surface normalization, and high-
fluence CXL for corneal stabilization.? Long-term results® and
anterior segment optical coherence tomography quantitative
findings” have demonstrated the stability of the procedure in
large cohorts of patients. Variations of this technique have
been applied and reported globally.*!*

Because the topography-guided ablation step of the pro-
cedure bears a high degree of customization, the impact of
effective alignment between treatment planning based on the
topography-derived data and surgically applied ablation pat-
tern is pivotal for a successful outcome. Critical parameters
affecting alignment are horizontal and vertical eye move-
ments, eye pupil centroid shift, and possible cyclorotation.
The significance of these principles has been reported pre-
operatively and intraoperatively in refractive procedures.!
High-speed active eye tracking along with cyclorotational
topographic adjustment (CTA) has been introduced during
the past 2 years in refractive lasers such as the EX500 ex-
cimer laser (Alcon Laboratories, Inc., Fort Worth, TX), which
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Figure B. The ‘compare 2 exams’ output from the Scheimpflug imaging device. (Left) The preoperative sagittal curvature map, (middle) the postopera-

tive map, and (right) the difference of the two maps.
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Conclusions

(':orneal Refractive Power and Symmetry Changes
Following Normalization of Ectasias Treated With

 The Athens Protocol (partial topo-guideessd Kpography-Guided PTK Combined with
Higher-Fluence CXL (The Athens Protocol

combined with CXL) appears to be safe aryel:» s vorcoe ranere. o

effective in ectasia stabilization, and visual —— :

Before Treatment After Treatment

I‘eh ab Over 1 2 ye ar S 1 ater . Parameter Averago ) SD(®) __ Max(® _ Min(®) _ Average®) __SD(®) __ Max(® __ Min(®)

‘Anterior comea

Flat 47.06 +6.02 78.50 33.70 43,07 =5.81 732 301
steep 51.24 +6.75 80.70 39.50 47.04 +6.86 81.3 339
Mean 49.03 +6.21 78.80 38.80 46.37 ~6.73 80.9 319
Astigmatism .97 +6.21 11.30 -12.40 -1.56 =3.80 12.4 115

o Alternative treatments are CXL alone N

Astigmatism +0.53 +1.02 +4.00 2.60

'SD = standard deviation; D = diopters; Max = maximum; Min = minimum

=1.06 42 115
=1.20 +43 5.3

ues wos reduced (lattened) postaperatiy
+ 2,69 D, or -6.56%, and was statisti
(P <.05) (Table 2). The uncertainty sti
mating the difference from sample data indicated, with
a 95% confidence interval, that the true difference was
between and -3.41 D. The steep anterior keratomet-
ric values showed a postoperative flattening by -4.19 =
2.96 D, or -8.19%, again statist ignificant (P < .05).
The true 95% difference was o 4

The mean of the paired differences regarding the
flat posterior keratometric values showed an increase
of +0.12 = 0.61 D, or -1.76% (consi e
sign of the posterior keratometric values). The 95%
true difference was between -0.191 and -0.0449 D.
The analysis for the steep posterior keratometzic val-

s showed a postoperative change of -0.02 =
or +0.04% (95% true > between -0.0485 Alll'
+0.0829 D). These differences were not statistically
significant (flat P = .135, steep P = .606).

e Contact lenses: RGPs and/or Scleral lenses

 ICRS

-3

DISCUSSION
s study, a rotating Scheimpflug camera was

o Lamellar keratoplasty

In th

rae employ ure both the anterior and posterior
rmneal curvature in a large number (267) of kerato-
Figgure 1. Scatter and fitted line plots of posterior astigmatism expressed  COTI

in diopters (D) versus anterior astigmatism (also expressed in D) with 95%

. ] Jgmatiom ; od CXL
confidence intervai (C) and 85% preciction menals (0. (o) Before  pualization. Tn the case of Keratooonus. highly trega
and (bottom) after treatment :
[ ) e I l e I 'a 1 I I e I 'a O a.S lar keratometric values were present. For example, the
simultaneous investigation of anterior and posterior
treatment, 1? was 0.407 and P value less than .001 corneal keratometric has indlicated statistcally

es, before and after (1 year postoperatively) a

valud

(T.-lee Z) significant differenc be no and keratoco-
i amalysis indicatos that the moan of the paired  mis-suspect oyos. o In a study svaluating keratomotric
difforonces regarding the flat anterior keratometric val-  values in keratoconic compared to normal eyes, the
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