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INTRODUCTION

Keratoconus is a bilateral, noninflammatory corneal
disorder that leads to inferior paracentral corneal
thinning, inferior corneal steepening, and irregular
astigmatism.' Although the etiology remains uncertain
14% of cases are associated with a genetic
predisposition.

Keratoconic patients could present with complaints
of decreased vision, glare, photophbia, and monocular
diplopia. External clinical signs of keratoconus include
Munson’s sign (protrusion of inferior lid on down gaze)
and Rizutti’s sign (conical reflection on the nasal cornea
when light is shone temporally). Slit lamp presentations
of keratoconus include inferior paracentral corneal
thinning, presence of an ectatic cone within the area
of corneal thinning, inferior corneal steepening,Vogt
striae (vertical stress lines in the posterior stroma), and
a Fleischer ring (iron deposits in the basal layer of the
corneal basal epithelium), linear scars can also be seen
as result of breaks in Bowman’s layer. Breaks in
Descemet’s membrane can lead to stromal edema and
corneal hydrops with intrastromal clefts and
vascularization. Resolution of corneal hydrops can lead
to corneal scarring. Patients with Keratoconus also
have scissoring on retinoscopy and the presence of
Charleaux oil droplet reflex, a bright reflex from conical
apex surrounded by a dark circular shadow produced
by the corneal ectasia.

There are various methods for grading of
keratoconus worldwide. The KISA%, created by
Rabinowitz provides an algorithm to quantify results
from computerized videokeratoscopy to classify
whether a patient has keratoconus.? McMahon and
colleagues and the Collaborative Longitudinal
Evaluation of Keratoconus (CLEK) have proposed a
method called keratoconus severity score (KSS) for
grading of the severity of kerraoconus.? New Pentacam
Technology (Oculus Inc.) provides parameters that can
be further correlated and associated with related
anatomy for a more descript diagnostic acumen along
with a keratoconus detection software based on relative
indices.*>

In this chapter, | shall introduce my classificatian
system that is used in my practice to apply Excimer
Laser in a surface ablative (ASA/ PRK) mode for
keratoconus and related ectatic disorders.®”

GULANI CLASSIFICATION SYSTEM FOR
LASER SURGERY IN KERATOCONUS

Laser as Primary Treatment

(In this subset, the patient is informed that we can strive
for vision directly with the laser keeping the surgical
interventions noted in Level Il as back up plan to be
applied in single or combined approaches to address
any complication induced or progression of cone if
needed)

Class |

Clear Cornea

Class Il

Scarred Cornea

Laser as Staged Secondary Treatment
Class I

Following corneal surgery:
INTACS

Lamellar Keratoplasty
Penetrating Keratoplasty
C3-R cross-linking
Conductive Keratoplasty

oo o

Class I

Following intraocular surgery:

a. Phakic Implant
1. Anterior
2. Posterior

b. Cataract surgery with lens Implant
1. Monofocal
2. Toric
3. Presbyopia-corrective

Each case of keratoconus is unique. From their
appearance to their topographies and even their
refractions, optical effects and aberrations. Over years
of numerous clinical and surgical encounters, | found
one thing consistent in all of them- “Irregular
Astigmatism.”

Since | am a firm believer in logic and clinical sense
over market-hyped terminologies, | decided to
personally approach every case of keratoconus as an
asymmetric, high irregular astigmatism associated with
other refractive errors ie. Myopia, hyperopia and or
presbyopia.®?
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Lets first understand why we can or even should use
Excimer Laser in a case of proven Keratoconus:
Patients with Keratoconus are frustrated with their
vision and resultant life style (especially when they
have exhausted their options with glasses and contact
lenses). Once they have passed the stage of such non-
surgical options, they are facing surgery to rehabilitate
their vision.

Among surgical options presented in the current times:

1. Corneal transplant (invasive surgery with long

term adverse impact including life style restriction

and also little ability to bring patients to
uncorrected 20/20 vision).

2. INTACS: Excellent, reversible, less invasive
surgery (may even delay or avoid transplant in
many cases), but unpredictable in most cases and
majority of cases shall need contact lenses and
or glasses after the surgery to help patients see.

Given that these patients in most cases are otherwise
healthy young adults at the prime of their professional
and personal stage in life, we must look at them as
people rather than as an eyeball with a book diagnosis.

We must therefore want to provide them the best
vision they are capable of and that too without
dependence on glasses and contact lenses if possible.
Remembering again that they are at their most
productive stages of their life and just like our refractive
patients must be encouraged to lead a visually
independent life.

Here, we need to balance our desire to provide an
enhanced lifestyle with our honest intention to keep
safety for these patients utmost in our minds.

If selecting a choice of INTACS for these patients
since compared to a corneal transplant it is less invasive
and more promising visually, we are doing the right
thing and explaining to patients that they will come
close to 20/40 and also that they shall need contact
lenses and or glasses. This is a fair choice for someone
who despite a hard contact lens trial does not see better
than 20/40 preoperatively.

But what about the keratoconic patient who has
passed the non-surgical option (CLs and glasses) stage
and yet sees 20/20 best corrected?

In such cases, how are we justified in doing an
approved procedure like INTACS (since we have to
do something now that this patient cannot function

(EMA with contact lenses or glasses) to make their vision

worse ie.20/40 from their preoperative potential of
20/20¢

This is where | find a place for the Excimer Laser.
Using the Excimer Laser in a surface mode (no LASIK
in any case or any flap cutting) we can address the
Keratoconus as what | call “Astigmatism gone wild” to
“Tame” it to a shape resulting in excellent unaided
vision.

Yes, theoretically the Excimer Laser will remove
tissue and so accelerate the Keratoconus but we also
delivering 20/20 unaided vision (remember this 20/
20 may not ever match the 20/20 of our simple Lasik
cases but coming to unaided 20/20 from legal blindness
for a Keratoconus patient is visibly, sheer ecstacy) to
these very affected patients for the first time in their
life.

Here is the discussion with the patient: This is an option
because you do meet the criteria for Laser surgery. If
after laser surgery (no one can guarantee the duration
that this will last) your vision does drop from 20/20 to
20/40 or worse either by natural progression or by the
Laser surgery that you had then you fit the criteria for
INTACS surgery.

Again, keeping in synch with my corneoplastique
concepts, all of the mentioned surgeries available out
there can always be used a back up. The patient never
loses candidacy for them.

This discussion underscores the honest desire to
help keratoconic patients lead a productive life of visual
freedom knowing that there are back up plans in place.

Also with the application of Collagen Cross-linking
(C3-R) , we may be able to arrest these keratoconic
corneas after Laser Surgery in the final shape created
to prevent progression in the future.

So keeping the above discussion in mind lets see
how to apply these concepts in everyday practice.

| have used technologies including Pentacam
anterior segment analyzer, multiple types of corneal
topographers, wavefront technologies, Optec6500 and
Visual simulators that zero in on cases that are obvious.
Nevertheless, the Keratometer, Refractive retinoscopy
and hard contact lens trial are a very important adjunct
forming the mainstay of detection, grading and
treatment selection.'0!!

Simply put, if we start approaching every
keratoconus as a form irregular astigmatism, we can
apply the methodology of thought process and surgical
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planning towards excellent visual outcomes. The
corneal surface can be recontoured with an excimer
laser in cases of keratoconus. This approach of
correcting corneal architecture and finally shaping the
contour with an Excimer Laser falls under the realm of
my concept of Corneoplastique™. %15

Numerous studies in scientific literature have
investigated the use of laser treatment for keratoconus
to give patients better and more comfortable vision
with and without glasses or soft contact lenses. In these
studies, the authors hope to avoid or delay the need
for corneal transplant in keratoconus eyes, giving these
patients better vision with and without glasses or soft
contact lenses.'® Further more, it was found that
Excimer laser surgery can improve vision and the ability
to wear contact lenses, and does not interfere with
subsequent corneal transplantation surgery.'” The
downside to PRK is that it is not a standard treatment
for keratoconus.

Rather, it is controversial because the procedure
thins out the cornea. In keratoconus, the cornea is
already thin and unstable and additional tissue
removal can cause further progressive distortion.
However, the Excimer laser may have potential
therapeutic benefit in removing certain corneal scars.
Some studies suggest that PRK may have a role in very
mild and stable sub clinical keratoconus. Regardless,
Excimer treatment in these instances is done selectively
on a case-by-case basis.

I have successfully treated all types of keratoconus
(the grade of severity does not matter as much as the
parameters listed below) with surface laser vision
surgery (ASA/PRK) by simply approaching them as a
case of assymteric irregular astigmatism.

We have devised a set of criteria for Excimer Laser
PRK surgery for Keratoconus.

Gulani- Nordan criteria for Laser PRK in Keratoconus:

* Patient is symptomatic with poor visual acuity and
double vision or glare and cannot tolerate contact
lenses (meaning the options of gasses or contact
lenses has run out for any number of reasons).

¢ Clinical examination and signs suggesting cornea
shape irregularity. ‘

* Best corrected visual acuity of 20/30-20 (even if
with hard contact lens trial). Best corrected vision
below 20/40 would indicate INTACS.

* Refraction is stable (with review of prior
documented exams).

* Astigmatism Higher than Myopia/ Hyperopia
preferred.

¢ Corneal thickness is more than 400 um in the
thinnest part and also after laser shall be preferably

not less than 350.

* Corneal scar even if present is less than the anterior
one third in depth.'®

* Patient ‘s understanding that using the Excimer laser
is an “off-label” use and that if for some reason

(due to laser or natural progression) if their

keratoconus worsens then they would be candidates

for INTACS/ LK/ PKP in that order of decreasing
selection.

If these criteria are met, | design a plan to correct
this corneal shape and surface irregularity with the
Excimer laser.

Even though | have treated practically every grade
and combination of keratoconus with or without
associated surgeries in stages or previously done
elsewhere, in this chapter | shall limit myself to a
discussion for primary laser PRK on Keratoconus and
briefly mention the spectrum of Laser applications in
combination approaches for the full spectrum of
Keratoconus surgical care.

DISCUSSION AND RESULTS

All the cases were confirmed Keratoconus with present
day criteria inclusive of topography and we did not
differentiate treatment based on stage. Rather, we used
my consistent approach based on visual potential and
corneoplastique approach along with the classification
system.

In this study we included 14eyes of 10 patients (9
males and 5 females) ranging in age from 20-66 years
old with follow-up ranging from 6 months to 3 years.

Each of these patients underwent Surface Excimer
Lasr (PRK / ASA) using standard protocol. No variance
from my PRK technique was used in any of these
cases.'? Following a normal PRK postoperative course,
13 out of 14 eyes achieved uncorrected vision of 20/
20, one of the fourteen eyes achieved uncorrected
vision of 20/40 (which was her best corrected vision
preoperatively due to amblyopia) and 6 eyes of the 13
eyes at 20/20 achieved uncorrected vision of 20/15
(Figs 19.1 and 19.2A and B).

The point | want to stress here is that the

postoperative evaluation of success of this treatment is ¥
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Figure 19.1: Laser PRK for Keratoconus (preop and postop topographies with Differential map). Post op vision

Unaided 20/15

based entirely on the uncorrected visual acuity and
subjective response of the patient. Patients were asked
to grade the vision compared to before laser surgery
on the grade of 1 to 10 (10 being the best). All the
patients treated with this approach placed a subjective
evaluation grade of 10 or more.

All of the patients stated that they had no complaints
at night and all of them noted that their vision at night
was improved compared to best corrected vision
preoperatively.

In all cases, Excimer Laser ablation resulted in
postoperative corneas no thinner than 350 microns,
which is enough to rehabilitate the cornea or perform
any other corneal surgery in the future ie INTACS (Figs
19.3A and B).

One can also treat patients previously operated with
INTACS to correct residual astigmatism with laser vision
surgery in the PRK mode.

Lets analyze this concept. The fact that the
Keratoconus or corneal ectasia has been stabilized by

IVAY (1o INTACS (acting as braces) allows us to shape the

cornea just a little more (of course contact lenses and
glasses are the non-interventional options here) since
astigmatism removes the least amount of tissue when
ablated with the Excimer Laser. Also since the inner
optic zone for Intacs is 7mm - 7.2mm, the laser abla-
tion zone can be extended to 6.5mm without eroding
the superior roof of the INTACS (Figs 19.4A and B).

INTACS is an excellent way to correct or minimize
the ectasia but since it is an /inaccurate surgery (even
though most patients do well, we cannot predict who
will do well, how well and by when); | reserve it for
patients with Keratoconus who are best corrected to
20740 or less (Gulani AC. INTACS : A Refractive Surgery
to Prepare and Repair. INTACS Round Table. ASCRS,
May 2007)

Surgical techniques other than Penetrating
Keratoplasty have been suggested for management of
keratoconus with variable success besides Laser surface
ablation,?%-3 intrastromal rings,?*® intraocular lens,?”
keratotomies,?® and lamellar keratoplasty.?9-30
Collagen cross-linking of the cornea has also been



Re-sHAPING KeraTtoconus: Laser PRK FoLLoweD BY CORNEAL CROSS-LINKING

K [@70

ki [30

ki [%30 awg [360 g [150 00 asig [-Z00
> k2 [050 a3 [ 3o k2 [@20 ol 'g&i }axz [730 o [0z
4
nie: [1776° os:  [ox avie [52° os: [ok “Hoe  aw [ os |
Pachy: ] ) Pachy. w{men) simen] Pachy: men) Armen)
+ [izem [303 [05 || PupiCemer + [Zm [for - [oos Fupd Center + [@m - [0z [
o [5iTm [0 [0z || thenestiocat: O [T22ym [ [awe Thrvestlocat: O [&3pm [0e - [om
[ Ange  [R20° Charbes Vokie: [Z2om  ange  [@T° Charber Vokane: [Srme Ange.  [@2°
[370mm  PupiDis [273mm || A C Depth(n} [t PudDis [277mm A C Depth (Int} [Grm  PuplOis  [004mm
| LensTh: | 10P(cor} | Lens Th: | 10P{cor} | LensTh: |

Figure 19.2A: Laser PRK for Pellucid Marginal Degeneration Patient (preop and postop topographies with differential
map). Post op vision Unaided 20/15

Figure 19.2B: Differential map of same patient

introduced to halt the progression of ectasia in
keratoconus.?'-32

C3-R® (COLLAGEN CROSS-LINKING)

Wollensak et al*? is credited with the seminal study
that showed that corneal cross-linking (exposure to
UV-A light at 3.0 mW/cm? and riboflavin 0.1% for 30
minutes) was able to stop progressive keratoconus in
all 23 eyes of 22 eyes. The patients ranged in age from
13 to 58 with the average age 34.7 + 11.9 years. Steep
keratometry values reduced from 2.01 diopters was
also seen in 70% of eyes with a refractive correction
of 1.14 diopters. Over an average follow-up time of
23 months, no scarring in cornea, no lens opacities

(i.e. no cataracts), and no endothelial cell loss were
seen. Intraocular pressure did not change post-
operatively.

Five year follow-up results to the 3 year study have
been published in Wollensak’s review of cross-
linking.** In 150 eyes treated so far, 60 have 5 year
follow-up and no progression of keratoconus has been.
seen in any of these patients. In 31 eyes (52%), a
reduction in keratometry of 2.87 diopters was seen
with best-spectacle corrected visual acuity (BSCVA)
improving by 1.4 lines in these eyes. Other clinical
studies in the United States, Italy, Brazil, and England
have been smaller with shorter follow up, but are
consistent with the above cited studies in terms of g
efficacy and high safety profile.
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Figure 19.3B: Differential map of same patient

We observed that the corneal topography changes
post-treatment indicated preferential flattening over
the cone. Targeted flattening consistently occurs over
the steepest part of the cone with less flattening on less
steep areas. Corneal coupling occurs in many patients
after C3-R®, which is similar to, but less consistent
than single segment Intacs® placement. With C3-R®,
if the cone is located inferiorly, than flattening can
occur inferiorly and superior steepening may occur as
well. This coupling effect (flattening below and
steepening above) results in better corneal symmetry
and BSCVA afterwards. There have been individual
case reports .of dramatic improvement in BSCVA

without impressive changes in topography. These
observations may be explained by the optical
regularization of the cornea resulting from cross-
linking.

It is worth noting that 99% primary keratoconus
and keratoectasia (LASIK-induced ectasia) patients
treated to date have been stabilized after a one-time
C3-R® procedure. There have been some patients with
very aggressive forms of ectasia that required a second
C3-R¥ treatment to achieve stabilization. It almost
seems too good to be true, but the results from multiple
ophthalmologists around the world are remarkably
consistent.
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protocol described below. Although somewhat labor-
intensive to perform (application of riboflavin solution
every 3 minutes for a total of 30 minutes), this is the
necessary means to achieve the desired effect for
patients.

1. The UVA device is periodically calibrated with a
UVA meter to ensure that the irradiation is 3.0
mW/cm2 + 0.3.

2. Topical anesthesia is administered. Tetracaine
0.5% works well as it loosens the epithelial cell
tight junctions to facilitate penetration of
riboflavin into the stroma with intact epithelium.

3. Twosurgical spear-type sponges are made “soppy
wet”: one sponge with 0.1% riboflavin solution
and the sponge with Tetracaine.

Figure 19.4A: Laser post INTACS Clinical picture 4. Tetracaine is applied to the eye which is then
— closed for 5 minutes to allow preliminary
Aty e superficial riboflavin absorption (“pre-soaking”).
& - me GRS Note: when a procedure is not being performed,
s e e the bottle of riboflavin solution is stored in a
refrigerator as it is prudent to avoid unnecessary

Pachy. ren) Senen]

external light exposure.
4. A speculum is inserted to expose the eye and the
patient is instructed to look at the center of the

Pugd Center + IO‘Sn 002 I-OUI
Thinnest Locat. (o] |~zt.n IO’S IOQ

Chambes Vokame: [Zeme ange  [59° o - |ight5.
ACometr [T eive [T | S 5. The UVA light is positioned on the cornea at .the
proper distance from the eyes. The working
it : e distance varies according to the device used. The
- g.
[S5583 irvate v k2| irradiation is performed for 30 minutes.

6. The “soppy wet” sponge soaked with riboflavin
is wiped on the cornea every three minutes. The
“soppy wet” sponge soaked with Tetracaine is
applied every 10 minutes for patient comfort.

7. After 30 minutes, the device is turned off and the
speculum is removed.

8. Artificial tears are applied and the patient asked
to keep eyes closed for 5 minutes to allow

| os0_ lubrication of the corneal surface.
e Curvanse : s .
RS B T 9. The patient is advised to spend to rest of the day

Figure 19.4B: Differential topography map of Laser post keeplng his or her eyes closed.

INTACS, same patient with vision unaided 20/25 10. Patients are given valium (or other benzo-
diazepine) to promote sleeping when arrival at-

BOXER WACHLER 10 STEP C3-R® home or the hotgl room for out of town patients.
PROTOCOL A dilute bottle of anesthetic drops is given to the
patient that can be used every 20 minutes as

Treatments may be performed unilaterally or bilaterally needed. Often these drops are not used by patients
at the same time if C3-R® is indicated for both eyes. If because recovery is typically comfortable. This
one eye is to be treated, the fellow eye is taped closed bottle should be discarded after two days because

and covered. We performed the procedure per our there are no significant amounts of preservatives.
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Patients can expect some mild foreign body
sensation for the remainder of the day. Pain does not
occur with the epithelium-on technique, which is our
technique (see below for more details on this technique
compared to epithelium-off). On the next day exam
after C3-R® with epithelium-on, slit lamp bio-
microscopy of the cornea appears completely normal
or rarely may reveal a few areas of scattered punctate
epitheliopathy. Mild foreign body sensation or grittiness
may be present on the first day that will resolve in a
day or two. Patients may be examined again at 3
months and again at 1 year. On occasion, patients
may be examined at a more frequent basis.

If C3-R¥is being performed with epithelial removal,
initially a 7 mm corneal abrasion is created first after
topical anesthetic is given. The procedure is then
performed as described above. At the end of the
procedure, a bandage contact lens is placed for 3-7
days while the epithelium heals. Analgesic medication
is necessary as patients often experience pain during
these days of epithelial healing.

The wide spectrums of applications are only limited
by our logic and imagination. | also want to point out

that by logic, | do mean responsible thinking and
knowledge of anatomy, optics and physiology in
selecting the most appropriate surgery or surgeries and
keeping in mind that they be synergistic towards a
visual goal.*

Approaching the cornea of a patient as an
asymmetric high irregular astigmatism and by applying
simple inclusion criteria we are not only clear in our
head about the treatment as a refractive surgeon but
we are helping patients to understand that keratoconus
is an approachable condition despite its progressive
nature with surgical options at every stage to help the
patient live a continued, productive life.

Applying our classification system we can therefore
address practically all presentations of Keratoconus.
For example in cases outlined above the Excimer Laser
can be used as a primary surgery for Keratoconus on
clear corneas (Class | ) or scarred corneas ( Class II).
In some cases we may need to build the cornea in
strength, scar removal and tissue replacement ie.
Lamellar Keratoplasty (Fig. 19.5) or Penetrating
Keratoplasty (Fig. 19.6) and then present for Excimer
laser surgery (Classification system Class 1) or in specific
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Figure 19.5: Lamellar keratoplasty to strengthen a case of very thin keratoconic cornea (222 microns) and also to
decrease keratometry by nearly 20 D). This case is now ready for Laser PRK for residual refractive error to achieve

excellent unaided vision
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Figure 19.6: Penetrating Keratoplasty for a case of Keratoconus with very thin and full thickness scarred cornea as Stage
|, followed by Laser PRK to unaided 20/20 vision. Topography picture post Laser PRK

cases we can prepare in a cataractous age population
to customize their cataract surgery in manipulating
the optics intra ocularly (i.e. Toric 10L) and then
addressing the final refractive residual error on the
cornea (Class Ilb) (Fig. 19.7).

C3-R®, A MANDATED STAGE II
FOLLOWING THE RESHAPING OF
KERATOCONUS?

| can envision a future wherein a keratoconic cornea
once brought to its desired shape by the Excimer Laser
in a PRK / ASA mode, INTACS or Conductive
keratoplasty or even after corneal building procedures
like Lamellar Keratoplasty followed by Excimer PRK/
ASA can then undergo C3-R treatment for cross-linking
into a more stable and long lasting effect.

The use and indications for C3-R® will only expand
as we use it not only for primary treatments but also
for solidifying modified shapes as a secondary
mandated procedure. For example, applying C3R®,

Sagittal Curvature (Front)

Figure 19.7: Toric IOL was performed in this elderly male as
Stage | to correct high myopia, cataract and high
astigmatism.in this case followed by Laser PRK for residual
astigmatism to unaided 20/20 vision. Differential Map picture
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C3-R Mechanism

Riboflavin

Figure 19.8: Conductive Keratoplasty was performed in this patient followed by C3R cross-linking

can also be done on a keratoconic cornea treated
previously with conductive keratoplasty (Class Il e) (Fig.
19.8).

Studies are needed for long term impact to make
Stage Il C3-R™ a future mainstream application.

These very principles follow the concepts that have
been brought together under my concepts of
Corneoplastique™ wherein topical, brief, elegant,
aesthetically pleasing, least invasive surgeries are used
singly or in stages towards a goal of unaided
emmetropia. Corneoplastique prepares for the final
fine tuning using the Excimer Laser towards a visual
goal where early rehabilitation and aesthetic outcomes
are essential, with promising uncorrected visual
acuity, 3641
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