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Quality of vision in patients implanted with aspherical and spherical
intraocular lens: Intraindividual comparison

Francesco Semeraro', Mario R Romano*?, Sarah Duse’, Ciro Costagliola’

Aims: To compare the quality of vision in pseudophakic patients implanted with aspherical and spherical
intraocular lenses (IOLs). Materials and Methods: Randomized prospective longitudinal intrapatient
comparison between aspherical and spherical IOLs performed on 22 patients who underwent bilateral
cataract surgery. Best corrected visual acuity, subjective contrast sensitivity, Strehl ratio and spherical |pol:
aberrations (SA), and higher order wavefront aberrations for a 3.5 mm and a 6.0 mm pupil were measured
after 3 months of cataract surgery. Results: SA (Z4,0) decreased significantly in eyes with aspherical
IOL implant (P = 0.004). Modulation transfer function (MTF) and point spread function (PSF) resulted
no significant difference between the two groups (P = 0.87; P = 0.32). Conclusion: Although the SA is
significantly lower in eyes implanted with aspherical IOL, the quality of vision determined with MTF and
PSF does not significantly differ for subjective and objective parameters that were analyzed.
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The crystalline lens and the cornea of the human eye play
an important role in determining the total ocular spherical
aberrations (SA). In healthy young individuals, the negative
SA of the lens is partially compensated by the positive corneal
SA, resulting in a low level of SA for the entire eye. With aging,
the SA of the lens becomes positive and, added to the corneal
SA, it increases the total aberration of the eye.!'!

The spherical intraocular lens (IOL) implant after cataract
surgery has a tendency to increase the overall positive SA.
Standard IOLs have a positive SA, which, increasing the total
SA, produces a pseudophakic eye with a total aberration not
better than that recorded in an aged eye with transparent lens.*!

In this prospective study, we analyzed the visual performance
of both eyes of 22 patients who underwent bilateral cataract
surgery, implanted in one eye with an aspherical IOL, whereas
the contralateral received the same standard type of spherical
IOL. The aim of this work was to verify the quality of vision
and the contrast sensitivity, throughout subjective and objective
tests, after implantation of spherical and aspherical IOLs.

Materials and Methods

Subjects

Forty-four eyes of 22 patients who underwent bilateral cataract
surgery were recruited prospectively from August 2007 to
October 2008. The exclusion criteria were: age less than 50 years,
severe systemic disease, pregnancy, any uncontrolled ocular
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disease, presence of ocular pathology other than cataract, and
previous history of ocular surgery. Patients with incomplete
follow-up were also excluded. The patients received an
aspherical IOL (AcrySof IQSN60WE, Alcon Laboratories Inc.
Fort Worth, TX) in one eye and the same standard spherical
IOL (AcrySof SA60AT; Alcon Laboratories Inc) in the other
eye. Demographic characteristics of patients are summarized
in Table 1.

Contrast sensitivity has been tested by CSV-1000E, Vector
Vision, Arcanum, OH, USA (25% and 12.5% contrast level)
at 6 and 12 cycles per degree. Every patient was examined
with the best spectacle correction under mesopic conditions.
Measurements of ocular wavefront error were performed
3 months after cataract surgery using the OPD Scan-II
aberrometer/topographer NIDEK Co Ltd, Gamagori, Japan.
We analyzed total, corneal, and internal wavefront errors for
pupil diameters of 3.5 and 6 mm focusing mainly on SA (Z4,0).

Vision quality has been expressed by the point spread
function (PSF) and the modulation transfer function (MTF).

Table 1: Demographic characteristics of study

Characteristic Aspherical Spherical
1oL IOL
group group
No eyes 22 22
Male/female 10/12 10/12
Mean age+SD (range) 67.6+6.1 67.6+6.1
(56-75) (56-75)
Spherical equivalent error (SD) -1.9+1.47D -2.3+1.2D
Axial length (mm) 22.3+1.47 22.6+1.35
Corneal endothelial cell density 25444271 2242+215
IOL implant AcrySof AcrySof
SNBOWF SABOAT

SD: Standard deviation, D: Diopters, IOL: Intraocular lens
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The PSF describes the light distribution on the retina of a point
source and it can be expressed with the Strehl ratio. The Strehl
ratio expresses the ability of the eye to produce a point imagev
on the retina when a point object is observed.!

The MTF is reported as a percentage of the contrast of
the image that is transmitted to the retina at various spatial
frequencies.®! We also calculated MTF A/B ratio (the area
ratio of the MTF curve of the examined eye over the MTF
curve of the ideal eye) and MTF H/B ratio (the area ratio
of the MTF curve of the examined eye without low-order
aberrations over the MTF curve of the ideal eye). We
analyzed the Strehl ratio and the MTF graph with a 4.5 mm
pupil and 6™ Zernike order of aberrations. A P < 0.05 was
considered to be significant.

Results

The mean age of the 22 patients was 67.6 years,
6.1 SD (range: 56-75). Demographic characteristics of patients
are summarized in Table 1.

The results of contrast sensitivity testing, under mesopic
conditions at 25% and 12.5% contrast, showed that there was no
statistically significant difference between the groups (P =0.14;
P=0.69).

Aberration (Z4 [4,0]) (Zernike term no. 12), for a 4.5 mm
optical zone diameter, decreased significantly in eyes with
aspheric IOL implant (P = 0.004).

The two groups were significantly different in terms of
Zernike values for total (P < 0.001), whereas no difference was
recorded for internal (P =0.53) wavefront error for 3.5 and 6 mm
diameter pupil analysis. The results of MTF and PSF Strehl
ratio were not significantly different for two groups (P = 0.87;
P =0.32). The results are summarized in Table 2.

Discussion

The SA is a symmetrical axial aberration in which the light
rays that pass through the paraxial zone of the pupil focus
at a different distance where the rays that pass through the
marginal pupil.

The SA of the anterior corneal surface is added to that of
the posterior surface and that of the IOL. These will tend to
compensate if they are of opposite signs.™ In theory, the use
of IOLs with modified aspheric surface profile should be able
to compensate the positive SA in order to increase the quality
of vision.

In a recent prospective randomized study on 31 patients,
Ohtani et al.[y compared aspheric and spherical silicone IOLs.
The author reported significantly reduced ocular SA, but no
significant differences between IOLs with regard all-distance
visual acuity and ocular wavefront aberrations except for
fourth-order Root Mean Square (RMS) (SA [Z4,0]).

Kim et al.” reported a better contrast sensitivity at 3-6 cycles
per degree (cpd) in photopic and 1.5-6 cpd in mesopic
conditions for 23 eyes implanted with aspheric (Tecnis ZA9003,
Advanced Medical Optics, Santa Ana, CA) IOL. The author has
found similar results in terms of other Zernike values and RMS
of higher order wavefront aberrations, whereas MTF curve was
better for the aspherical IOL group at 5-10 cpd.

Table 2: Difference between aspheric and standard
spherical intra ocular lenses regard to subjective and
objective parameters analyzed. For some patients a
pupil diameter of 6 mm was obtained after instillation of
mydriatic eye drops (phenylephrine). Value of the ratio
close to 1 describes few aberrations and more image
contrast

Parameters Aspherical IOLs  Spherical IOLs P
(mean valuexSD) (mean valuexSD) value
WF total -0.11+0.23 0.28+0.27 <0.001
(4.5-6 mm Q)
WF corneal 0.56+0.50 0.51+0.29 0.68
(4.5-6 mm Q)
WF intern 0.18+0.29 0.12+0.35 0.53
(4.5-6 mm Q)
WF total 0.024+0.02 0.03+0.03 0.43
(3-3.5 mm Q)
WF corneal 0.04+0.03 0.05+0.06 0.48
(3-3.5 mm Q)
WF intern 0.02+0.04 0.01+0.05 0.46
(3-3.5 mm Q)
SA (Z4,0) —0.04+0.14 0.06+0.07 0.0046
Ca 25% 0.14+0.09 0.18+0.09 0.14
Ca 12.5% 0.24+0.09 0.23+0.08 0.6989
BCVA (d) 0.99+0.03 0.96+0.07 0.07
BCVA (n) 1.00+0.0 1.0+0.0 >0.99
PSF Strehl ratio 0.05+0.03 0.0 7+0.09 0.328
MTF A/B 0.53+0.17 0.54+0.24 0.87
MTF H/B 0.72+0.25 0.75+0.26 0.69
MTF A/D 0.26+0.077 0.28+0.20 0.66
MTF H/D 0.38+0.12 0.43+0.21 0.33

BCVA: Best corrected visual acuity (d: distance. n: near) in LogMar value,
WF: Wavefront error, PSF: Point spread function, MTF: Modulation transfer
function

Nabh et al.®'reported a significantly decreased positive
spherical ocular aberration after three different aspheric IOL
implants, with no differences regarding contrast sensitivity
and visual performance between the lenses. If the overall SA
is not excessive, there will be a slight loss in contrast, with an
improvement in the depth of the field due to the multifocal
effect of the SA.P!

In our prospective series, a significant lower SA in the eyes
implanted with aspherical IOL as compared to the spherical
ones, without any real gain in terms of vision, was detected.
We have also found a significant difference between the
groups for total aberrations, whereas no differences were
found regarding internal aberrations. We believe that the
decentration of aspherical IOL may induce an increase in total
aberrations no more compensated by corneal aberrations.
In respect to the parameters analyzed for the quality of
vision (best corrected visual acuity, PSF, MTF), there were
no differences between aspherical IOL and standard type of
spherical IOL.
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