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C H A P T E R  1 4

Arun C. Gulani, MD; Lee T. Nordan, MD; Noel Alpins, FRANZCO, 
FRCOphth, FACS; and George Stamatelatos, BSCOptom

Patients with keratoconus are typically frustrated 
with their visual limitations that negatively impact 
their lifestyle. These patients often have exhausted 

their options with glasses and contact lenses, leading 
them to investigate surgical options. As described within 
this textbook, various surgical options exist but all have 
drawbacks. Corneal transplant is an invasive surgery with 
long-term lifestyle restriction and limited ability to achieve 
uncorrected 20/20 vision. INTACS is a reversible, less inva-
sive surgery that may delay or avoid transplant in many 
cases, but visual outcome is unpredictable. The majority of 
cases require contact lenses or spectacles after surgery for 
best correction.

In addition, these patients are typically otherwise 
healthy young adults at the prime of their professional and 
personal lives, and often have expectations similar to those 
searching for elective vision correction. We must therefore 
balance our desire to provide an enhanced lifestyle while 
maintaining a high level of safety for these patients.

Patients may present for surgical treatment of clinical 
manifestations of keratoconus including irregular astig-
matism, scarring, nodules, and severe axial curvature 
resulting in problematic contact lens fitting. Excimer laser 
treatments may be applied in an effort to correct these 
clinical manifestations. Use of excimer treatments to reme-
diate anterior corneal pathology is not new. Its application 
has been used for various conditions such as corneal scar-
ring,1,2 stromal dystrophies, keratoconus nodules,3 and cli-
matic droplet keratopathy such that transplation is avoided 
or delayed. Excimer treatment to reduce steepness of the 
cone has also been reported with an increase in visual 
function and no apparent progression in the disease.4-6 

While treating conditions that reduce the best-corrected 
vision acuity (BCVA) in patients with keratoconus may 
be deemed “acceptable,” elective treatment of keratoconus 
patients to improve unaided vision is less accepted by the 
ophthalmic community. Reports of aberrations resulting 
from keratoconus corrected using topographically guided 
and wavefront-guided treatments are scarce but do exist. 
Tamayo and Serrano used the VISX C-CAP method (AMO, 
Abbott Park, IL), a topographically customized program, 
to address the topographical irregularity in keratoconus.7 
Koller et al used topography-guided surface ablation to sig-
nificantly reduce manifest refractive error, corneal irregu-
larity, and ghosting.8 Lin et al used the Allegretto topogra-
phy-guided PRK treatment (Alcon, Fort Worth, TX) in 16 
keratoconic eyes. They reported improvement of astigma-
tism up to 5.00 D, and best spectacle-corrected visual acuity 
(BSCVA) unchanged or improved in 14 eyes, with 2 (12%) 
eyes losing 1 line of BSCVA at 6 months. Even with these 
results, it was not recommended unless keratoplasty was 
otherwise indicated in keratoconus patients.9 Cennamo et 
al used topography-guided PRK treatments with the Zeiss 
Mel 70 excimer laser (Maple Grove, MN) in mild to moder-
ate keratoconus patients (Krumeich classification, grade 2), 
reducing the severity of several indices used to describe the 
degree of keratoconus up to 2 years after treatment com-
pared to the untreated group with keratoconus.10 Use of 
wavefront-guided reports may be limited by the inability of 
aberrometers to measure irregular corneas. Bahar et al used 
wavefront-supported photorefractive keratectomy (PRK) in 
keratoconus suspects. The authors reported the treatments 
in this population appear to be effective, but 3 eyes suffered 
loss of best-corrected vision due to hazing.11
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Correction of refractive error in patients with kerato-
conus may be complicated due to the nature of the disease 
causing instability of refractive error. However, active 
adults are inclined to request surgical improvement of their 
vision. PRK in keratoconus suspects/forme fruste keratoco-
nus has been reported with success.12-15 Successful excimer 
procedures have also been performed after penetrating 
keratoplasty, deep lamellar keratoplasty,16,17 and epikera-
tophakia.18 However, complications of excimer treatment 
have also been reported, including paradoxical responses19 
and keratolysis.20 Some recommend avoiding keratorefrac-
tive procedures and correcting vision using phakic lenses 
to correct high amounts of myopia commonly found in 
keratoconus.21

While such studies suggest performing PRK for visual 
rehabilitation in a patient with keratoconus may be suc-
cessful, performing an elective procedure on a patient 
whose vision may fluctuate in the future is risky. Clinical 
decision making and patient education become important 
when a mildly keratoconic patient presents for elective 
vision correction and achieves 20/20 vision when cor-
rected. In such cases, performing INTACS implantation 
may result in a reduction of best-corrected vision and may 
not be the best option. Using an excimer laser surface treat-
ment, astigmatism is addressed and uncorrected vision is 
improved.  

The discussion may be similar to “PRK is an option 
because you do meet the criteria for Laser surgery. We 
cannot guarantee how long the vision will last because 
your vision may drop from 20/20 to 20/40 or worse either 
by natural progression or perhaps by undergoing the laser 

surgery. In that case, other options such as INTACS are 
available.” Such a discussion underscores the honest desire 
to help keratoconic patients lead a productive life of visual 
freedom knowing what may be needed in the future. This 
may become more accepted when combined with collagen 
cross-linking (CXL).22

If we approach every keratoconus patient as having 
irregular astigmatism, we can plan for increased surgical 
and visual outcomes.23-26

CritEria for ELECtivE  
vision CorrECtion

Using set criteria is useful when considering excimer 
treatment in a patient with early keratoconus. It guides 
patient education, surgical planning, and prognosis and 
ensures the surgeon and the patient understand the goals 
of the planned procedure. We have devised a set of criteria 
for excimer laser PRK surgery for keratoconus: the Gulani-
Nordan criteria (Table 14-1). If these criteria are met, we 
feel it is safe to proceed with PRK. To validate this system, 
we applied it to a small population of patients. The authors 
investigated PRK in keratoconic patients including 14 eyes 
of 10 patients (9 men and 5 women) ranging in age from 
20-66 years with follow-up ranging from 6 months to 3 
years. All cases were confirmed keratoconus with present 
day criteria inclusive of topography. 

Each patient underwent excimer surface treatment 
(PRK or advanced surface ablation) using standard proto-
col. The technique used is previously described.27 Thirteen 
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 Gulani-nordan criteria for laser PrK in Keratoconus

Patient is symptomatic with poor visual acuity, double vision, or glare and cannot tolerate contact 
lenses. Options of glasses or contact lenses are limited and/or unsuccessful.

Clinical examination and signs suggesting corneal shape irregularity characteristic of keratoconus.

Best-corrected visual acuity of 20/30 or better (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 is preferred.

Corneal thickness is more than 400 µm at the thinnest point. Calculation of treatment plan deter-
mines the thinnest point should not be less than 350 µm post-operatively.

Corneal scar, if present, is less than the anterior one third in depth.18

Patient’s understanding: (1) using an excimer laser in patients with keratoconus is an off-label pro-
cedure; and (2) that if due to laser treatment or natural progression their ectasia worsens, they 
would be candidates for other corrective procedures, such as INTACS, lamellar keratoplasty, or 
penetrating keratoplasty.
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of 14 eyes achieved uncorrected vision of 20/20. The last 
patient’s vision was limited to 20/40 due to amblyopia. Six 
of the 14 eyes achieved uncorrected vision of 20/15 (Figures 
14-1 through 14-3).

Subjective success of treatment was based on uncor-
rected visual acuity and patient’s subjective response. 
Patients were asked to compare the postoperative vision 
to preoperative vision using a grading scale of 1 to 10 (10 
being the best). All the patients treated reported a subjec-
tive evaluation grade of 10. All patients stated that they 

had no complaints at night and all noted that their vision 
at night was improved compared to best corrected vision 
preoperatively.

In all cases, excimer laser ablation was calculated to 
ensure reasonable postoperative corneal thickness to allow 
INTACS implantation at a later date should the condition 
progress (Figure 14-4). One can also treat patients previ-
ously operated with INTACS to correct residual astigma-
tism with laser vision surgery in the PRK mode, though one 
needs to be mindful of increased haze risk in these eyes.

Figure 14-1. PRK for keratoconus. 
Preoperative (middle) and postoperative 
(left) topographies with differential map 
(right). Postoperative vision was 20/15 
unaided.

Figure 14-2. (A) PRK for pellucid marginal degeneration. The preoperative and postoperative information is presented. Postoperative vision was 20/15 
unaided. (B) Differential map of same patient. 

Ba

a B

Figure 14-3. (A) PRK for keratoconus. The preoperative and postoperative information is presented. Postoperative vision was 20/15 unaided. (B) Differential 
map of same patient.
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trEatMEnt of MYoPiC 
astiGMatisM in KEratoConUs 

UsinG ParK
Employing the technique of vector planning and a num-

ber of criteria for the stability of this ectatic condition, pho-
toastigmatic refractive keratectomy (PARK) has been shown 
to be safe and effective in the treatment of myopic astig-
matism in forme fruste and mild keratoconus. Despite the 
irregularity associated with keratoconic corneas, in milder 
cases, there also is an underlying quantifiable regular com-
ponent of the astigmatism that is treatable in a symmetrical 
manner. This regular component can commonly be gauged 
by the simulated keratometry value from topography, as well 
as the measured value by manual keratometry.

While zero overall astigmatism is an ideal outcome of 
refractive laser surgery, this result is effectively unattain-
able in eyes with keratoconus due to a poorer correlation 
between corneal (topography or keratometry) and refrac-
tive (wavefront or manifest) astigmatism values compared 
to the values for a normal astigmatic population.28-31 This 
prevailing difference between these 2 astigmatic param-
eters is quantified by the ocular residual astigmatism 
(ORA)24,25,28-32 and where it exists in a significant amount, 
the eye’s optical system cannot be completely corrected for 
astigmatism by refractive laser treatment. 

The ORA is determined by calculating the vectorial 
difference between the wavefront or manifest refraction 
measurements for refractive cylinder and topography or 
keratometry measurements for corneal astigmatism.23,25 

Doubling the axes of the astigmatism while leaving the 
magnitudes unchanged allows for the conversion of polar 
coordinates to rectangular coordinates. The ORA being 
a vector quantity connecting the 2 astigmatisms on this 
mathematical construct is then transferred to the origin 
(x=0, y=0) and halved to simulate how it would exist 
within the eye (Figure 14-5). This vectorial difference, mea-
sured in diopters and degrees and calculated using basic 

Figure 14-4. (A) Double INTACS 
segment implantation for kera-
toconus, followed by PRK for 
improvement in unaided vision.  
(B) Differential topography map 
of laser post-INTACS. The patient 
in 14-4A enjoyed vision unaided 
of 20/25.
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Figure 14-5. (A) Calculating ORA: Polar diagram of refractive wavefront cylin-
der at the positive axis and simulated keratometry from the topography. (B) 
The DAVD showing a “doubling” of the angles without a change in the astig-
matic magnitudes. (C) Polar diagram displaying the ORA as it would appear on 
the eye. (ORA=ocular residual astigmatism; R=refractive wavefront astigma-
tism [corneal plane]; Sim K=simulated keratometry from topography).
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trigonometric principles, has a proportional relationship 
with astigmatism. As the astigmatic difference between 
refractive and corneal astigmatism increases, the magni-
tude of the ORA also increases. Therefore, the amount of 
remaining postoperative astigmatism in the ocular system 
will also inevitably be greater. This uncorrectable astig-
matism is left on the cornea using conventional refractive 
techniques to neutralize the internal ocular astigmatism 
quantified by the ORA and leads to increased aberrations 
and a reduction in the quality of vision.

Using vector planning aids in avoiding poor outcomes 
by distributing the neutralization of the ORA between the 
cornea and the refraction. The technique of vector planning 
reduces a greater amount of corneal astigmatism than treat-
ment using refractive parameters alone. As a result, fewer 
second- and third-order aberrations remain.24,25,27-33

The Alpins Method of vector planning was used for the 
treatment of astigmatism in a retrospective study of 45 
eyes with forme fruste or mild keratoconus.24,25,27,32 Due 
to the irregular shape of these corneas, surface ablation 
with PARK was performed in each case. The minimum 
requirements to be eligible for surgical treatment included 
a BCVA of better than or equal to 20/40 and a non-progres-
sive cone displaying refractive and corneal stability over a 

minimum 2-year period. The minimum age criterion was 
25 years. Those with average K readings ≥ 50.00 D power, 
visible ectasia or scarring under slit-lamp examination, and 
residual stromal bed less than 300 µm (allowing for epithe-
lial thickness of 60 µm) were excluded.

The mean astigmatism values preoperatively were –1.39 
DC ± 1.08 by manifest refraction and 1.70 D ± 1.42 by 
topography. Postoperatively, 45 eyes were reviewed at 1 
year, 32 eyes at 5 years, and 9 eyes at 10 years for stability in 
the corneal astigmatism and refractive cylinder measure-
ments. Average corneal keratometry values were also fol-
lowed to identify signs of progressive ectasia.

In this study group, all the treatments were optimized; 
that is, the emphasis on the ORA neutralization was deter-
mined by targeting reduced corneal astigmatism optimized 
to a with-the-rule orientation of the remaining astigma-
tism in a linear relationship. As a result a beneficial effect of 
less astigmatism remaining overall (corneal plus refractive 
measurements) was achieved after the surgery.

By incorporating the corneal parameters as well as 
the refractive astigmatism parameters into the overall 
treatment (Figure 14-6), less corneal astigmatism is being 
targeted. In this example, shifting the emphasis for astig-
matism reduction “to the left” by 38 emphasis percentage 

Figure 14-6. ASSORT Treatment Planning screen shows how the ORA of 2.20 D Ax 34 is apportioned 38% to eliminating the topography astigmatism and 62% to 
the refractive cylinder. Furthermore, this ORA is neutralized by an equivalent 1.37 D at the cornea and 0.84 D at the spectacle refraction but at an orientation 
of 124 degrees. 
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points (38% topography/62% manifest refraction) increas-
es the proportion of corneal astigmatism correction by 
aligning the treatment more closely to the principal corneal 
meridian.34 The targeted refractive astigmatism of 0.84 D 
may not be fully evident to the patient perceptually where 
a spherical equivalent of zero exists. When measurements 
were in fact taken at 6 months, simulated keratometry 
showed 1.25 D @ 126 degrees while manifest refraction 
measured –0.25 DC Ax 45 (less than anticipated) confirm-
ing the value of this optimized approach. 

It is important to highlight that no matter what the 
percentage chosen on the “emphasis” bar, the minimum 
amount of total astigmatism (corneal plus refractive), which 
is equal to the ORA, is being targeted at every point on the 
percentage scale. If the combined magnitude of the remain-
ing astigmatism (corneal plus refractive) is greater than the 
initial ORA, the surgery then fails to achieve the maximum 
astigmatism treatment. Even though all the astigmatism 
is not correctable, results with this technique were still 
significantly better than they would have been using con-
ventional refractive astigmatism values alone. Treatment 
using refractive parameters alone would theoretically result 
in 2.20 D (that is, all the ORA) remaining on the cornea. 
Incorporating the corneal values into the treatment profile 
reduced the total astigmatism in the system postoperatively 
to 1.50 D (1.25 D corneal + 0.25 D manifest refraction). This 
particular patient also had an improvement in BCVA from 
20/20 to 20/15 as well as the improvement in unaided visual 
acuity (UCVA) from 20/200 to 20/20.

This favorable outcome of compounding the reduction 
of overall total astigmatism was common in many cases 
within the group of 45 eyes and also evident in the aggre-
gate results where topography values have been incorpo-
rated into the treatment plan.

Within the study, postoperative results at 12 months 
found a reduction of corneal cylinder astigmatism by an 
additional 0.68 D compared to theoretical results attained 
by treating refractive values alone. This was achievable 
without compromising the refractive outcome. UCVA at 
1 year postoperatively showed 100% of eyes ≥ 20/40, 89% 
of eyes ≥ 20/30, 56% of eyes ≥ 20/20. BCVA preoperatively 
and at 1 year was 89% ≥ 20/20 and 100% ≥ 20/30. Gains 
and losses in BCVA revealed an excess of gain over loss: 1 
eye had 2 lines loss, 6 eyes 1 line loss, 22 eyes unchanged, 13 
eyes had 1 line gain, and 3 eyes had 2 lines gain.

This treatment paradigm of combining either corneal 
(topography or keratometry) parameters with refractive 
measurements has been shown to be safe and effective in 
this study of 45 eyes with forme fruste and mild keratoco-
nus. These eyes postoperatively had a stable refraction and 
corneal topography over an extended period of time up to 
10 years postoperatively. This is true both in terms of non-
progression of disease and favorable spherical and astigmatic 
refractive outcomes. No problems or adverse signs such as 

increase in corneal irregularity and progression of ectasia 
resulting in a reduction of UCVA or BCVA were detected. 

Using the method of vector planning, there is a potential 
for reduced higher-order aberrations (coma and trefoil) as 
a result of less corneal astigmatism postoperatively with 
greater likelihood to achieve an improved BCVA more 
frequently and avoid adverse symptomatic effects that 
would likely occur with treatments based solely on refrac-
tive values. However, patients with keratoconus evalu-
ated for photorefractive keratectomy should be carefully 
selected35,36 and followed over time to determine stabil-
ity of manifest refraction and corneal topography prior 
to surgical intervention. It is extremely unlikely that the 
treatment of irregular corneas as a result of keratoconus 
can achieve universally excellent outcomes without the 
inclusion of corneal parameters. The technique of vector 
planning is not restricted to the treatment of astigmatism 
in keratoconus patients but can be more routinely applied 
to the treatment paradigm of normal astigmatic corneas 
when performing laser vision correction.

ConCLUsion
Excimer treatment appears to be successful for treat-

ment of sequela of keratoconus, including scarring, steep 
cones, and nodules. The treatment of myopic astigmatism 
is safe and effective in selected cases of forme fruste and 
mild keratoconus with careful patient education, ensuring 
patients meet criteria to ensure safety, and using vector 
planning, the treatment has less potential adverse impact 
upon visual outcome and progression. 
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