CATARACT SURGERY FEATURE STORY

Assessing Refractive
Change After Excimer
Laser Surgery

New software that calculates corneal power by ray tracing through the anterior and posterior

corneal surfaces may allow accurate measurements after myopic excimer laser surgery.

BY GIACOMO SAVINI, MD; KENNETH J. HOFFER, MD; MICHELE CARBONELLI, MD;

AND PIERO BARBONI, MD

=== xcimer laser surgery corrects refractive defects by
|___ flattening or steepening the central anterior
corneal curvature. Despite the technological evo-
e |UtiON Of the last 20 years, measuring the true
postoperative power of the cornea remains a challenge. It
is therefore difficult to objectively assess the amount of
surgically induced refractive change and to obtain a diop-
tric value to be entered into IOL power formulas after
PRK or LASIK. Corneal ray tracing may offer a solution.

THE PROBLEM OF
THE KERATOMETRIC INDEX

Why is it so challenging to measure corneal dioptric
power after refractive surgery? The main reason is that all
diagnostic instruments measure the curvature and not the
dioptric power of the cornea. They convert the calculated
corneal radius into corneal diopters using the keratometric
index of refraction. This value (most often 1.3375) does not
correspond to the refractive index of any component of the
eye. It is a fictitious number that was introduced to derive
the dioptric power of the whole cornea (anterior and poste-
rior surfaces) from just the anterior corneal curvature.

The equation to calculate the power of the cornea from
its radius is as follows: P = (n - 1)/r. P is the corneal power in
diopters, n is the keratometric index, and r is the radius in
meters. This equation is used by both (auto)keratometers
for keratometry (K) readings as well as by corneal topogra-
phers and tomographers for simulated keratometry (SimK)
readings. All ophthalmologists are familiar with K and SimK
values, and they have proven reliable in unoperated eyes
when entered into IOL power formulas.

This conversion from curvature to power values is the-
oretically incorrect, however, because the keratometric

index of refraction is a fabrication. A clear demonstration
involves measurements of the dioptric power of the pos-
terior corneal surface. Several studies using Scheimpflug
cameras such as the Pentacam Comprehensive Eye
Scanner (Oculus Optikgerate GmbH, Wetzlar, Germany)
or other technologies such as optical coherence tomogra-
phy have reported a mean value for the posterior corneal
curvature of about 6.4 mm." This corresponds to a mean
dioptric value of -6.20 D, as calculated using the refractive
index of the cornea (n = 1.376) and aqueous humor (n =
1.336). Conversely, when our group previously derived the
posterior corneal power from standard corneal topogra-
phy (by subtracting the SimK from the anterior corneal
power), we obtained a mean value of -4.98 D> This dis-
crepancy reflects the theoretical invalidity of the com-
monly used keratometric index of refraction.

CONSEQUENCES OF INCORRECT
MEASUREMENTS OF CORNEAL POWER
FOR IOL POWER CALCULATIONS

The intrinsic limits of calculating corneal power by
means of the keratometric index of refraction have been
highlighted by IOL power calculations after myopic ex-
cimer laser surgery. In the past, hyperopic surprises were
common.®’ Errors in IOL power calculations were in part
caused by an overestimation of the corneal power. Other
sources of error related to the calculation of the effective
lens position and the location of radial measurements
with respect to the optical zone. Corneal power was
overestimated, because the keratometric index loses its
reliability once laser ablation changes the relationship
between the curvature of the anterior and posterior
corneal surfaces.®
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Figure 1. The power distribution display of the Pentacam. In the upper box, the last two rows show the total refractive power
with a diameter ranging from 1 to 8 mm.The lower left box shows the dioptric power distribution within the actual zone, which
can be selected and edited in the lower middle box in order to fit the actual size of the pupil.

CORNEAL RAY TRACING TO CALCULATE IOL
POWER AFTER REFRACTIVE SURGERY

In the past 15 years, more than 30 methods have been
described for calculating corneal power after excimer laser
surgery and avoiding refractive surprises after cataract sur-
gery® Although some are quite accurate,’ calculating modi-
fied corneal powers and selecting the best ones are time
consuming and may lead to mistakes. Given that the prime
cause of inaccurately calculated corneal power has been
identified (ie, the keratometric index), the most logical solu-
tion is to eliminate it. Avoiding the keratometric index will
also permit surgeons to properly compare preoperative and
postoperative corneal power, assess the predictability of
excimer laser treatments, and, if necessary, develop nomo-
grams to compensate for over- or undercorrections.

Corneal ray tracing is the latest approach to accurately
determining corneal power after excimer laser surgery with-
out relying on the keratometric index of refraction. One can
determine the corneal curvature of both the anterior and
the posterior surface (as well as corneal thickness) by
Scheimpflug imaging. Snell’s law and the specific indices of
refraction of air, the cornea, and the aqueous humor are
subsequently used to calculate the corneal power. The
resulting powers will now be displayed as the Total
Refractive Power in the power distribution display of the
Pentacam. Calculated values will be shown for diameters
ranging from 1 to 8 mm and will be calculated either on a
ring or over a circular area (zone). Software also allows cus-
tomization of the size of the circular area over which corneal
power is calculated, based on the size of the pupil (Figure 1).

TABLE. A COMPARISON OF THE SURGICALLY INDUCED REFRACTIVE CHANGES

Mean change (D) [P value (ANOVA, posttest)
Anterior corneal power (Placido corneal topography) |-3.98 +1.49
Pentacam SimK -343 £1.17 <.05
Comprehensive Eye|Total refractive power 2 mm (ring) -391 £1.32 NS
Scanner Total refractive power 2 mm (zone) -3.77 £128 NS
Total refractive power 3 mm (ring) -4.26 £1.45 NS
Total refractive power 3 mm (zone) -395 +1.29 NS
Total refractive power 4 mm (ring) -436 £1.54 < .05
Total refractive power 4 mm (zone) 412 £1.42 NS
Note: refractive changes were assessed by anterior corneal power (obtained through Placido corneal topography) and Pentacam

measurements. Abbreviations: ANOVA, analysis of variance; SimK, simulated keratometry; NS, not significant.
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aimed at maintaining a
postoperative prolate
corneal shape. This pro-
duced a slightly steeper
central curvature (Figure
2), which could not be
measured by the ring total
refractive power.

CONCLUSION
Although ours is a pre-
liminary study and a larger

Figure 2. A typical map after myopic correction with the F-CAT profile of the Allegretto Wave
Eye-Q laser, which aims at maintaining a prolate profile (ie, a negative Q value).

PRELIMINARY RESULTS

To assess the validity of this method, we analyzed
15 eyes of 15 consecutive patients who underwent
myopic PRK with the Allegretto Wave-EyeQ excimer
laser system (Alcon Laboratories, Inc., Fort Worth, TX).
As a benchmark for comparison, we used the method
described by Seitz et al, who quantified refractive change
by subtracting the preoperative anterior corneal power
(P,,,.) from the postoperative P__ ¢ We also measured
the subjective cycloplegic refractive change (corrected
for vertex distance).

The difference in the mean value of the change in ante-
rior corneal power (-3.98 +1.49 D; range, -1.93 to -6.67 D)
and the cycloplegic refractive change (-3.88 +1.39 D;
range, -1.95 to -6.67 D) was not statistically significant. We
therefore considered the former value for further statisti-
cal analysis, which aimed at comparing the calculated
change in corneal power according to the following
Pentacam parameters: SimK; total refractive power at 2, 3,
and 4 mm (ring); and total refractive power at 2, 3, and
4 mm (zone). In all cases, measurements were centered
on the corneal apex.

In accordance with previous studies,>® analysis of vari-
ance detected a statistically significant difference be-
tween the mean pre- to postoperative change of P__
and the mean pre- to postoperative change of
Pentacam SimK (-3.43 £1.18 D). Conversely, the mean
pre- to postoperative change in the Total Refractive
Power at 2, 3, and 4 mm was not statistically significant-
ly different compared to the mean pre- to postopera-
tive change of P_ , as shown in the Table. The only sta-
tistically significant difference was observed for the
4-mm ring measurement. At all diameters, the ring
measurements of the total refractive power were slight-
ly lower than the corresponding zone measurements
due to the ablation profile of the laser (F-CAT), which

t

sample is being enrolled,
the Total Refractive Power
on the Pentacam seems to
be an accurate method by
which to calculate surgically induced refractive changes.
The total refractive power may also be used to calculate
IOL power after excimer laser surgery. For this purpose,
however, we strongly recommend optimizing the con-
stants of each IOL power formula, because the mean
total refractive power in unoperated eyes is lower than
standard K and SimK. =
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