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Purpose

e To study the effect of decentration of
excimer laser ablation on post-
operative sphere, cylinder and coma

e To understand the relative importance
of decentration to

—the degree of under or over
correction of sphere

—Induction of cylinder and coma.
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Purpose

e Decentration of the ablation is expected to
cause
— under-correction of sphere
— residual plus cylinder
— Induced coma.



De-centered treatment is expected to create:

— Less depth of ablation over the visual axis

* Residual myopia (under-correction)
— More myopic effect on the minus cylinder axis which has a narrower optical zone

— A steeper than intended effective treatment cylinder (Green) over the visual axis

* Residual hyperopic astigmatism (overcorrection)
— More prominent on the minus cylinder axis which has a wider optical zone

— coma (Blue and Red)

lInder-treated Over-treated



Methods

e Seguential patients presenting for enhancement

were reviewed. Laser profiles were:
— Visx CustomVue™, one to six diopters (Low-Wavefront)

— Visx CustomVue™ six to eleven diopters (High-
Wavefront)
— Visx Star™ for high myopia (High-Standard).
e Increase in coma after surgery was used as a
measure of ablation decentration.
e Within each profile, linear regression between pre-
and post-operative sphere, cylinder and coma was

examined.
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Methods

e Average pre-enhancement manifest
refraction was compared to the
average predicted results using the
Refractive Surgery Consultant™
(RSC), a commercial outcome
software program which provides a
best fit regression equation for both
sphere and cylinder.
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Results

e Low-Wavefront (27 eyes),
— average primary sphere/cylinder(s/c) -3.49/-1.36)

— average pre-enhancement
e coma of 0.32um
e manifest s/c +0.35/-0.76
— compared to a predicted RSC result of s/c -0.06/-0.03.
e High-Wavefront (13 eyes),
— s/c -6.85/-1.23)
— Pre-enhancement
e coma of 0.30 um
e s/c of +0.04/-1.00
— compared to predicted s/c -0.10/-0.09.

e High Standard (18 eyes),
— s/c -8.18/-1.01)
— Pre-enhancement
e coma 0.40 um

e s/c of -0.37/-0.64
. compared to predicted s/c+0.20/-0.44.
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Outcome with High Myopia VISX
Wavefront
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Outcome with High Myopia VISX
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Results

Regression analysis within each laser
orofile show a moderate correlation
petween

— Low-Wavefront (r2 0.45)
— High-Wavefront (r2 0.57)
— High-Standard (r? 0.41).



High myopia wavefront:
refraction pre-enhancement
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High myopia standard:
refraction pre-enhancement
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Low myopia wavefront:
refraction pre-enhancement
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Conclusion

e Increased coma is consistent with
decentration as an important cause of
residual sphere and cylinder after excimer
laser ablation.

e As expected, decentration with high myopia
results in greater relative under-correction of
sphere.

e Increased residual astigmatism is associated
with a relative hyperopic shift in spherical
equivalent consistent with decreased
effective optical zone.



Conclusion

 Maximizing centration should improve the
predictability of the refractive outcome



Decentration
of the Ablation
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Best fit regression modeling of excimer

lasers profiles

Mark Johnston ASCRS 2007
Purpose: To compare excimer laser ablation patterns with a best fit regression formula of
postoperative refractive outcomes. To compare our results with previous studies which show
that, with increasing depth of spherical (and toric) ablation, there is a decreased effective
optical zone, overcorrection and increased induced spherical (and toric) aberration.
Methods: Refractive outcomes were analyzed using a commercial outcome software
program, the Refractive Surgery ConsultantTM (RSC), which provides a best fit regression
nomogram equation for both sphere(S) and cylinder(C). Standard graphing software
(StudyworksTM) was used to plot the results within normal treatment profiles. Laser profiles
studied were Visx StarTM with a peripheral blend (Standard); Visx CustomVueTM, one to six
diopters (Low-Wavefront); Visx CustomVueTM, six to eleven diopters (High- Wavefront)
Nomographs used to interpret the results were in minus cylinder for Standard and High-
Wavefront ablations, and plus cylinder for Low-Wavefront. Surface ablation patterns were
determined by reviewing surgical video and corneal topography.
Results: Results for Standard ablation (202 eyes) are S=1.21s +0.04s2 +0.04sc (r2 0.97) and
C=0.06s +0.011 s2 +1.18c +0.03c2 +0.05sc (r2 0.97). Results for Low-Wavefront ablation
(1044 eyes) are S=1.07s +0.01s2 +0.17c +0.08c2 +0.05sc (r2 0.97) and C=1.02c +0.01sc (r2
0.85). Results for High-Wavefront ablation (179 eyes) are S=1.22s +0.04s2 (r2 0.98) and
C=1.32c +0.06sc (r2 0.97). Standard and High-Wavefront ablations show non-linear
increasing overcorrection with increasing sphere, cylinder and sphere times cylinder
(coupling). Low-Wavefront ablation shows increasing sphere overcorrection with high cylinder
and minimal over or under-correction of cylinder. Patients presenting for enhancement have
less induced spherical aberration with Low-Wavefront (0.11u) and High-Wavefront (0.26u),
than with Standard (0.52u).
Conclusion: The calculated nomograms are consistent with the previously reported
association between overcorrection and imbalance between central and peripheral ablation.
Newer wavefront ablation profiles require less nomogram adjustment and induce less higher-
order aberrations than previous standard ablation profiles.



« Effective Optical Zone (EOZ) is the area within one diopter of central
power

— Significant role of Stiles-Crawford effect (Inverse Square)

« Both decreased ablation width and increasing spherical aberration
— decreases the effective optical zone
— increases the overcorrection

Average

Correction
821/7.2




Ablation of high sphere/cylinder has significant
spherical aberration, an associated hyperopic
shift and a reduced “effective optical zone”

Data from Mark Johnston MD, Best Fit Regression Modeling of Excimer laser Ablation, ASCRS
2007, see attached abstract
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« Left: Wavefront minus cylinder ablation treatment can be divided unto

— a mixed cylinder with an “effective treatment zone” of about 4.5 mm (yellow
circle)

— The negative spherical ablation should match the “effective treatment
(cylinder) zone” rather than the larger hyperopic cylinder zone (Red circle)

* Right: Routine Hyperopic astigmatism with a 6 mm treatment zone ggeen circle)
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« Ablation (Left): Minus cylinder (Wavefront) treatment can be divided into

— a minus cylinder with an effective treatment zone of about 4.5 mm (yellow circle)
* True wavefront should blend slowly (atoric blend) to 6.0 mm

— A “neutral” axis set to 6.0 mm (red circle)

 Outcome (Right) Significant spherical overcorrection

— consistent with the original calculation being based on both the plus cyl and negative
sphere having a 6 mm optical zone (green cir
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Maximizing the blend zone to 9.0 will
Increase optical zone to 6.00/7.00
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Normal vs maximized optical zone (MOZ)

Best fit curves calculated using the RSC best fit nomogram show:
Less induced plus sphere with maximized optical zone( 6x7mm)
Less plus spherical equivalent with wide blend zone(6x7mm)
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Maximizing clinical outcomes
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Video

e Attached video shows a wavefront ablation
of minus astigmatism

— Note the treatment at 3 and 9 position Is
similar to a hyperopic cylinder ablation

— Note how the central spots are like a minus

sphere wavefront ablation

» except for some dropped spots at the 12 and 6
position
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