CATARACT SURGERY BONUS FEATURE

|OL Power Calculation
With Customize

Ray-Tracing

Eye Models

The future of lens power prediction is already here.

BY CARMEN CANOVAS, MSc; AND PABLO ARTAL, PHD

classic problem in cataract surgery is the a priori
determination of the ideal power of the IOL to
be implanted. After a long history of efforts by
many practitioners and enthusiasts, current IOL
power calculation methods provide reasonably good
average accuracy. However, the price for this progress is
an increasing number of formulas that must be consid-
ered and the steps necessary to choose the proper calcu-
lation procedure for each patient. For these reasons, the
need for more deterministic models has been suggested.!

Most IOL power calculation procedures are based
upon regression analysis. Therefore, it is common sense
that these calculations are accurate on average but not
as accurate as desired in a given individual. It was recently
reported that biometry errors leading to wrong IOL
powers were the second most frequent cause of mal-
practice claims. This resulted in payment of damages in
62% of closed cases, according to an analysis of the causes
of malpractice claims related specifically to cataract sur-
gery in the National Health Service in England from 1995
to 2008.

It is well understood that, although current IOL power
calculation procedures provide good outcomes on aver-
age, results on an individual scale still need improvement.
This is especially evident in cases in which patients pres-
ent some peculiarity, such as an abnormal cornea or
extreme eye geometry.

New generations of IOLs designed to correct corneal
aberrations will not achieve their maximum potential
visual benefit if the IOL power is not accurately deter-
mined.>¢ Blur associated with any significant residual
refractive error would mask the visual advantage related
to the correction of the aberrations. Another important
and limiting point is the paraxial nature of most current
IOL power calculations. Paraxial approaches might not
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Figure 1. Schematic view of the customized IOL power
calculation procedure.

be sufficient for higher levels of aberrations, such as those
in post-LASIK eyes.”

The use in clinical practice of different instruments to
accurately describe the eye, such as corneal topographers,
may also be incorporated to improve the predictability
of IOL power calculations.

CUSTOMIZED EYE MODEL

Although some attempts have been made to improve
standard IOL power calculation procedures,®'° to the
best of our knowledge a fully customized eye model that
includes all of the patient’s aberrations in combination
with white-light (polychromatic) analysis has never been
performed. We recently developed an approach using
customized eye models to predict IOL power."" The
approach is based on exact ray tracing and patient data.
All pertinent aberrations, coming either from the cornea
or the IOL, are considered in the calculation, together
with biometric data.

Figure 1 shows schematically how the procedure
works. For every patient, we build a corresponding cus-
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Figure 2. Overview of a patient with -8.50 D of myopia. (Top)
Optic quality metric calculated with a customized model for a
wide range of IOL powers. (Bottom) Symbols indicate the IOL
power predicted for this patient by different standard calcu-
lations with the corresponding point spread function.The
spread of the results among formulas shows the limitations
of the current state-of-the-art formulas.

tomized eye model. A description of the cornea is estab-
lished by the introduction of corneal elevations obtained
by a Placido disc-based corneal topographer (Atlas; Carl
Zeiss Meditec, Jena, Germany). We determine the power
of the posterior cornea by introducing an equivalent
refractive index based on anatomic data.™ IOL place-
ment is predicted by the custom relationship found
between the anterior chamber depth before surgery and
the IOL position after surgery. The IOLs geometric design
details (thickness, radius, and aspheric terms) and optical
properties (refractive index and dispersion) are also
introduced into the model. The retina is placed in a posi-
tion corresponding to the patient’s axial length, which is
measured with optical biometry (IOL Master; Carl Zeiss
Meditec).

For each customized model, an exact polychromatic
ray tracing is generated to predict the realistic retinal
image quality. To determine the optimum IOL power, we
sequentially introduce different IOL powers into the
model and calculate an optical quality metric, the area
under the modulation transfer function (MTF), for each
case. At the end of the procedure, the IOL power provid-
ing the highest image quality (ie, highest value of the
selected metric) is chosen as the optimum power.

USE IN CLINCAL PRACTICE

Figures 2 and 3 illustrate the potential for use of this
approach in clinical practice. Figure 2 shows a patient with
high myopia (-8.50 D). The IOL power selected by our pro-
cedure is the one that maximizes the optical quality
parameter, in this case 10.50 D. Retinal images of a point
source for the IOL powers considered are displayed. The
results provided by some of the commonly used paraxial
formulas'™® are also shown. The values provided by the

32 CATARACT & REFRACTIVE SURGERY TODAY EUROPE OCTOBER 2011

0 L]

E 2 CWA | FEMS_high
% 1 ' Y i anginal | 0.0373
2 A g . ! 2 01546
E P g § : g & =] [l

3 & 7 03802
E e E & ¢ 04858
<

1OL power (D)

Figure 3. Optic quality metric with a customized procedure
as a function of the IOL power for different amounts of
corneal aberrations relative to a 4-mm pupil. Note that the
predicted IOL power changes as the amount of aberrations
increases. Paraxial formulas are blind to these changes.

standard calculations present significant dispersion in this
case, showing their potential for inaccuracy in highly
ametropic patients.

Figure 3 emphasizes the importance of considering
corneal aberrations in IOL power calculation. In this case,
we repeated the calculations for the patient in Figure 2
but added up to five times the degree of corneal aberra-
tions. This shows the difference in the impact of IOL
selection on normal corneas as compared with aberrated
corneas. The maximum of the optic quality metric is dis-
placed as the degree of aberrations increases, indicating
that the optimum IOL power differs depending on the
degree of corneal aberrations.

Highly aberrated corneas such as these could be seen
in a LASIK patient. This aberration would not be detected
by standard formulas that do not consider aberrations,
and such formulas would provide exactly the same IOL
value for eyes with the same biometric data but different
corneal aberrations.

CONCLUSION

These two cases show the potential value of this cus-
tomized ray-tracing procedure and the possible limitations
of standard IOL power prediction approaches in similar
cases. Future routine use of ray-tracing procedures could

TAKE-HOME MESSAGE

- Using a customized eye model to predict IOL power, the
surgeon can sequentially introduce different IOL powers into
the model to calculate an optical quality metric.

- Ray tracing is generated to predict realistic retinal quality.

- The optimum IOL power depends on the degree of
corneal aberrations.




In the future, standard regression
paraxial formulas could be replaced
by personalized ray-tracing
calculations.

significantly improve refractive outcomes in cataract sur-
gery, particularly in patients with certain features.

Of course, IOL power calculations will always be limited
by the quality of biometric data, but more precise and
accurate optical calculations should be preferred in the
future. We envision a future in which standard regression
paraxial formulas will be replaced by personalized ray-
tracing calculations, similar to the way keratometry is
currently being replaced by topography. m
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Maximum depth of focus - aberration control
Glare-free vision
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Reduced haptic stickiness
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Stable refractive results
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