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FIGURE. Comparison of corneal aberration for a 6-mm pupil diameter in sitting and supine positions (immediately and after 30
minutes). Data are expressed as mean = standard deviation. Statistical significance: *P < .05; Scheffé test.

TABLE. Comparison of Comeal Curvature, Vertical Axis, Pupil Diameter, and Off-set

Sitting Supine 0 min. Supine 30 min. P Value

Corneal curvature (D) 3.0 mm Steepest 43.51 + 1.56 43.78 = 1.74 43.74 = 1.68 120
Flattest 42,12 = 1.47 42.44 + 1.68 42.34 + 1.61 148

5.0 mm Steepest 43.41 £ 1.57 43.79 + 1,78 43.68 + 1.58 185

Flattest 42,14 = 1.48 42.49 1,71 42.33 = 1.58 157

7.0 mm Steepest 43.27 £ 1.60 43.77 £1.84 43.59 *+ 1.54 124

Flattest 41.99 £ 1.47 42.40 + 1,71 42,22 = 1.55 17

Vertical axis (degrees) 93,50 = 7,82 94,95 + 7.80 94.29 + 6.25 773
Pupil diameter (mm) 3.96 *+ 0.60 4.08 = 0.54 3.82 + 0.46 161
Off-set (mm) 0.20 = 0.10 0.18 = 0.09 0.20 = 0.08 718

Data are expressed as mean = standard deviation.

Statistical significance: P > .05; repeated measure analysis of variance (ANOVA).

Nine eyes from nine volunteers (three men, six women;
aged 20 to 28 years; mean 21.9 *+ 2.8 years) with no known
abnormalities were included in the study. All of them were
noncontact lens wearers. Informed consent was obtained
from all volunteers. The tenets of the Declaration of
Helsinki were followed in this study.

Comeal aberration and curvature (axial power) measure-
ments wete catried out with a Placido-ring videokeratoscope
Keratron (Optikon 2000, Rome, Italy) improved to measure
patients in the supine position; this topography instrument
was fixed in a vertical position. Comeal wavefront aberrations
were analyzed at a 6-mm pupil diameter for total higher-order,

coma-like (S3 + S5), and spherical-like (5S4 + S6) aberra-

VouL. 141, No. 2

tions. Measurements were taken three times on each volun-
teer’s left eye, and were averaged. The first measurement was
taken with the subject in the sitting position and the others
in the supine position, immediately after assuming the supine
position and then 30 minutes later, having remained supine.
The data were analyzed by repeated measure analysis of
variance (ANOVA) and the Scheffé test. _
The total higher-order aberration for 6-mm pupil
diameter significantly increased from 0.419 * 0.120 um
in the sitting position to 0.500 * 0.157 pm in the
supine position (Scheffé test, P = .011) (Figure). The
spherical-like aberrations found immediately after the
supine position, also showed a significant increase com-

BRIEF REPORTS 413

e RO .



pared with the sitting position {Scheffé test, P = .044),
and significantly decreased within the 30 minutes there-
after (Scheffé test, P = .020) (Figure). In the coma-like
aberration (Figure), corneal curvature, vertical axis,
pupil diameter, and off-set (Table), no significant dif-
ferences were found through the experimental proce-
dure.

Although the cyclotorsion may be associated with
change in the aberration pattern,® we found no signifi-
cant change in the vertical axis. Another factor may
well have to do with the intraocular pressure. It is
known that the intraocular pressure in the supine
position is greater than that in the sitting position.* For
this reason, and to avoid corneal deformation that
might be caused by the measuring instrument, we did
not measure intraocular pressure in this study. In vitro,
Hjortdal and Jensen reported that, with the increase in
the intraocular pressure, the corneal strain increased,
the central corneal thickness decreased and, over time,
the impact of the intraccular pressure on the corneal
strain changed.” However, even if such changes oc-
curred, they would only slightly affect normal eyes.
Actually, there was not a considerable difference in the
corneal curvature between the sitting and the supine
position. This was in agreement with the result from a
previous study wherein measurements were made using a
handheld kerarometer.* However, as even a slight dis-
tortion of the corneal structure can be caused by an
increase in the intraocular pressure and/or the force of
gravity, which of these has the greater influence is open
to question. Arising from the change in posture, the
aberration pattern might change during customized
refractive surgery. In particular, if the cornea were to
become thinner, this would result in preventing the
desired improvements in visual performance.

Such factors as the effects of tear film in the supine
position, or a slight tilt of the instrument, may also lead to an
increase in cormneal aberrations. Despite these limitations, our
results suggest that the biomechanical behavior of the cornea
during an operation should be considered.
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Reoperation for Persistent Myopic
Foveoschisis After Primary Vitrectomy

Kaori Sayanagi, MD, Yasushi Ikuno, MD, and
Yasuo Tano, MD

PURPOSE: We petrformed vitrectomy on two eyes for
persistent myopic foveoschisis (MF) after primary suz-
gery that did not include internal limiting membrane
(ILM) peeling.

DESIGN: Interventional case reports.

MBTHODS: Two highly myopic eyes of two patients with
persistent MF after primary vitrectomy and gas tampon-
ade but without ILM peeling were treated with pars plana
vitrectomy, residual vitreous cortex removal, ILM peel-
ing, and long-term gas tamponade.

RESULTS: Total foveal reattachment was achieved and
best-corrected visual acuity (BCVA) improved in both
eyes.

CONCLUSIONS: Reoperation including complete vitreous
cortex removal and ILM peeling could be beneficial for
patients with persistent MF after primary surgery, indi-
cating that vitreous cortex removal and ILM peeling are
critical in treating MF. (Am ] Ophthalmol 2006;141:
414-417. © 2006 by Elsevier Inc. All rights reserved.)

YOPIC FOVEOSCHISIS (MF) TYPICALLY OCCURS IN

highly myopic eyes, and optical coherence tomog-
raphy (OCT) is useful for diagnosis.! MF is believed to
occur before macular hole formation in some cases,2 and
vitrectomy and internal limiting membrane (ILM) peeling
followed by gas tamponade are useful treatments.* How-
ever, incomplete ILM peeling may lead to persistent MF.
We performed vitrectomy on two eyes (two patients) with
persistent MF after primary vitrectomy. These observations
imply that resolution of persistent MF and consequent
visual improvement can be achieved by repeat vitrectomy
with removal of residual vitreous cortex and ILM peeling.

® CASE 1: A 58-year-old woman with high myopia re-
ported decreased vision in her right eye. She had under-
gone cataract surgery 7 years previously. She had visited
another eye clinic and was diagnosed with posterior retinal
detachment. She underwent vitrectomy and gas tampon-
ade, and remained in a prone position for 2 weeks.
Triamcinolone acetonide (TA) was not used intraopera-

Accepted for publication Sep 9, 2005.
From the Department of Ophthalmology, Osaka University Medical
School, Room E7, 2-2 Yamadaoka, Suita 565-0871, Osaka, Japan.
Inquiries to Kaori Sayanagi, MD, Department of Ophthalmology E7,
Osaka University Medical School, 2-2 Yamadaoka, Suita 565-0871,
Japan; fax: +81-6-6879-3458; e-mail: sayapon@aol.com

FEBRUARY 2006

— 2



J CATARACT REFRACT SURG - VOL 31, DECEMBER 2005

(o

Modulation transfer function and pupil size

in multifocal and monofocal intraocular
lenses in vitro

Takushi Kawamorita, CO, Hiroshi Uozato, PhD

PURPOSE: To investigate the relationship between pupil size and the modulation transfer function
(MTF) of a multifocal intraocular lens (I0L) in vitro and to predict the visual effects in vivo.

SETTING: Department of Ophthalmology and Visual Science, Kitasato University Graduate School of
Medical Sciences, Kitasato, Japan.

METHODS: A refractive multifocal IOL (Array SA-40N, Allergan) and a monofocal IOL (PhacoFlex
SI-40NB, AMO) were evaluated using the OPAL Vector system and a model eye with a variable effective
aperture, With effective pupil diameters of 2.1, 3.0, 34, 3.9, 4.6, 5.1, and 5.5 mm, the in-focus and
defocus MTFs were measured in the multifocal and monofocal IOLs.

RESULTS: With increases in effective pupil diameter, the far MTF progressively decreased at ali spatial
frequencies. In contrast, the near MTF began to increase at effective pupil diameter 2.1 mm, showed
a peak at 3.4 mm, and decreased at diameters greater than 3.4 mm. The ratio of near MTF to far MTF
showed an increase with larger effective pupil diameters and at lower spatial frequencies.

CONCLUSIONS: With a zonal progressive muiltifocal IOL, the pupil size effected a trade-off between
the far and near MTFs: The near MTF increased at the expense of the far MTF at large pupil sizes (effec-
tive pupil diameter >3.4 mm). To enhance near vision with a multifocat 0L, the desirable effective

pupil diameter should be 3.4 mm or larger.

J Cataract Refract Surg 2005; 31:2379-2385 © 2005 ASCRS and ESCRS

Multifocal intraocular lenses (IOLs) are designed to in-
crease depth of field and to enhance near vision for cata-
ract patients. The effectiveness of multifocal IOLs in
enhancing quality of vision has been shown in many clin-
ical studies."” The refractive design of the Array SA-40N
IOL (Allergan), a typical multifocal IOL, has a beneficial
effect on near vision.” However, many problems, includ-
ing loss of corrected visual acuity at near distance and
contrast sensitivity, glare, halos, and dependence on pupil
size have been reported.*® Pupil size affects the relative
power distributions of the light generated by the zonal-
progressive design of the Array IOL, whose concentric
zones of progressive aspheric surfaces provide repeatable
distributions of the power.” Furthermore, controls of opti-
cal aberration,? diffraction,’® retinal illuminance,'® pupil
centration,'? and the Stiles-Crawford effect*? are affected
by pupil size. Therefore, pupil size is expected to have an
effect on the modulation transfer function (MTF), which
is defined as the amplitude of the image contrast divided

© 2005 ASCRS and ESCRS
Published by Elsevier Inc.

by the amplitude of the object contrast and is a function
of spatial frequency.”

The aim of this study was to investigate the relation-
ship between pupil size and near and far MTFs in a multi-
focal IOL in vitro. The results were used to predict the
visual performance of patients with a multifocal IOL.

MATERIALS AND METHODS

The IOLs studied were the multifocal Array 10L and the
monofocal PhacoFlex SI-40NB 1I0L (AMO). Both 10Ls were
20.0 diopters (D) and 13.0 mm in length with an optic of 6.0 mm.
The multifocal Array, structurally identical to the monofocal
PhacoFlex according to the manufacturer’s data (Table 1), is de-
signed with 5 concentric annular refractive zones and aspheric
surfaces. The additional power in the near zones, zones 2 and 4,
is +3.50 D, which is approximately equivalent to +2.80 D in
the spectacle plane.

The line-spread function of the multifocal and monofocal IOLs
were recorded with the OPAL Vector system (Image Science Ltd.)
and a model eye (Menicon Co.) composed of a wet cell

0886-3350/05/ $-see front matter
doi:10.1016/].jcrs.2005.10.024
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Table 1. Optical performance in multifocal and monofocal 10Ls.

Model

Parameter SI-40NB SA-40N
Refractive index 1.460 1.460
Curvature radius (mm)

Anterior surface 10.26 10.26

Posterior surface 15.54 15.54
Central thickness (mm) 0.94 0.99
Resolution in air (¢/mm) >242 >244

(Figure 1). The MTF was calculated from the line-spread function
by using fast Fourier transform techniques. The model eye con-
sisted of a model cornea (Achromat, SSK4 and SF8), a variable ef-
fective aperture (from 2.1 to 5.5 mm), and BK7 windows. In the
OPAL Vector system, the light source was confined to 546.1 nm
(monochromatic e-line). The detector type used the Reticon K se-
ries silicon linear photodiode array 12.8 mm long with 512 pixels.
The position of best focus was determined by measuring the varia-
tion of MTF with focus at a spatial frequency of 50 ¢/mm, which is
approximately equivalent to 15 cycles per degree. The MTF values
were formed with an average of 16 array scans.

The MTF measurements conformed to the requirements of
the International Organization for Standardization, except for
the effective aperture. The effective aperture sizes were sorted
on the basis of (1) the optical zones in the Array 10L (2.1, 3.4,
3.9, and 4.6 mm), and (2) the 1.0 near to far area ratio, 3.0 and
5.1 mm. The effective aperture sizes were 2.1, 3.0, 3.4, 3.9, 4.6,
5.1, and 5.5 mm (Figure 2). However, in calculating the near to
far area ratio, the transition zones, consisting of the aspheric sur-
face and the intermediate zone, were disregarded.

RESULTS

The change in MTF with defocus is shown in Figure 3.
The graph shows the 3-dimensional through focus re-
sponse. The clinographic projections show the highest,
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Figure 1. Structure of OPAL Vector system and a model eye with variable
effective aperture.

that is, the best-focus, MTE With the increases in effective
pupil diameter, the far MTF in the vicinity of distance fo-
cus, defocus 0 D, progressively decreased at all spatial fre-
quencies. In contrast, the near MTF in the vicinity of near
focus, defocus —2.8 D, increased at effective pupil diameter
2.1 mm, showed a peak at 3.4 mm, and decreased at values
greater than 3.4 mm. There was scarcely any rise in the in-
termediate MTF in the vicinity of intermediate focus, defo-
cus —2.0 D, at any effective pupil diameter or spatial
frequency.

The in-focus MTF of the multifocal and monofocal
1OLs at various effective pupil diameters and 3 spatial fre-
quencies, 100, 60, and 20 ¢/mm, are given in Figure 4, A,
B, and C, respectively. The far MTF in the multifocal IOL
was totally lower than that in the monofocal IOL. As the spa-
tial frequency decreased, this difference increased. Also, al-
though the near multifocal IOL MTF was lower than the far
multifocal MTF and the monofocal MTE the MTF of the de-
focus —2.8 D in the monofocal IOL showed even lower lev-
els, approximating 0 and never more than 2% to 3%.

Figure 5 shows the far in-focus MTF normalized at ef-
fective pupil diameter 2.1 mm. With the multifocal 10L,
MTF with effective pupil diameters between 2.1 mm and
3.0 mm showed the lowest rate of decline and the pace of
decrease greater than 3.0 mm was approximately congruent
with that in the monofocal 10L. Additionally, the attrition
rate of the normalized far in-focus MTF increased slightly
with increasing spatial frequencies.

Figure 6 presents the ratio of near MTF to far MTE
comparing the multifocal with the monofocal IOL. With
the multifocal IOL, the ratio increased with the larger effec-
tive pupil diameters and with the decreased spatial frequen-
cies. At high or intermediate spatial frequencies, a similar
increase in the near to far MTF ratio appeared where the ef-
fective pupil diameter was greater than 3.0 mm. With the
monofocal I0L, no increase in the ratio was found.

DISCUSSION

The MTF measurements in vitro have been shown to be
the internationally accepted standard method for evaluating
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the performance of IOL image quality, and it has been re-
ported that the contrast sensitivity in vivo can be predicted
from MTF values in vitro.'* We analyzed the MTFs of
multifocal and monofocal IOLs and investigated the
relationship to the pupil size.

Effect of Distance Focus

The effect of defocus in any MTF depends on the effec-
tive pupil diameter and spatial frequencies, as shown in
Figures 3 and 4. Based on these results, the far contrast sen-
sitivity and visual acuity at any pupil size and spatial fre-
quency in eyes with multifocal I0Ls would be low
compared with the values in eyes with monofocal IOLs.
In fact, some studies have shown that distance contrast sen-
sitivity and low contrast visual acuity with multifocal IOLs
are lower than those in monofocal 10Ls.>!> Montés-Micé
et al.'® found that distance contrast sensitivity shows defi-
cits at higher spatial frequencies under dim mesopic condi-
tions. However, in best corrected high contrast visual
acuity, it has been reported that there is no difference.’?
This could be attributed to the resolution of multifocal
and monofocal I0Ls, which was almost the same as that
shown in Table 1, or caused by aspects of the neural
system.!7+18

As illustrated in Figure 5, loss or sudden change in vi-
sual performance within the effective pupil diameter of
2.1 mm to 3.0 mm could occur, but none has been reported.
Also, our finding (Figure 6) that the near to far MTF ratio at
effective pupil diameters greater than 2.1 mm in multifocal
10Ls increases suggests that near focus parts of lenses, par-
ticularly zone 2, have a significant impact on the far MTE

Effect of Near Focus

From our results, it would be expected that near visual
performance with a multifocal IOL is higher than that with
a monofocal IOL. In clinical studies, Steinert et al.'® report
that the multifocal IOL improved uncorrected and dis-
tance-corrected near visual acuity and reduced dependency

J CATARACT REFRACT SURG - VOL 31, DECEMBER 2005

on spectacles. Montés-Micé and Ali6'® report that near
contrast sensitivity improved over time but was always lower
than at distance and in the monofocal near-corrected pa-
tients. The lower near contrast sensitivity was nevertheless
acceptable at providing near visual function. Therefore, our
results in vitro concur with their report of those in vivo.
The results shown in Figures 4 and 6 suggest that the
desirable effective pupil diameter to acquire good near visual
performance is a minimum of 3.0 mm, optimally 3.4 mm
and larger. Because our experiment reports the actual pupil
in a human eye, these data need to be converted to entrance
pupil, the apparent size of the pupil, to evaluate pupil size
with the multifocal Array IOL in the clinical field. The mag-
nitude of the entrance pupil depends on corneal power, an-
terior chamber depth, and optical aberration, which are
magnified about 13% according to Gaussian optics.* There-
fore, the desirable pupil size would be a minimum of
3.4 mm, optimally 3.8 mm and larger. However, Hayashi
et al.® found that a pupil diameter smaller than 4.5 mm
cannot provide useful near visual acuity. Ravalico and co-
authors'” concluded that there are no differences in the re-
lationship between visual acuity and pupil size. These
differences may be ascribed to factors such as tilt or decen-
tration of IOL® and corneal astigmatism,** which tend to de-
crease the MTF and reduce the sensitivity to pupil size. Also,
Koch et al.”* showed that preoperative pupil size does not
predict postoperative size, and pupil size depends on age
and illumination, so it may be difficult for a surgeon to de-
cide on an appropriate patient from preoperative pupil size.

Effect of Intermediate Focus

Although approximately 13% of available light in
a multifocal IOL is allocated to intermediate focus, the
MTFs showed low intermediate focus values at all effective
pupil diameters (Figure 3). Therefore, low MTFs at inter-
mediate focus are also supposed to lead to loss in visual per-
formance. However, because the results were obtained in
monochromatic light, they cannot be generalized to real
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life. In everyday white light, the longitudinal chromatic ab-
erration will lead to an increase in the MTF at intermediate
focus, which will help to improve visual performance at in-
termediate distances. In a clinical report, Weghaupt and
coauthors®* found that visual acuity was limited at interme-
diate distance. In contrast, Vaquero-Ruano et al.> report
that Array IOLs provide excellent intermediate vision. Fur-
ther studies in vitro and in vivo are needed to clarify the vi-
sual effect at intermediate distances.
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The decrease in the MTF for multifocal 10Ls is pre-
sumably caused by the inhibitory effect of in-focus and
out-of-focus images produced by the far and near focus
parts of lenses. Charman and coauthors®® show there is
a close correspondence between practical measurement of
contrast sensitivity and the theoretical predictions of
MTFs and a 50% contrast degradation of the distance
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retinal image across all spatial frequencies above 3 cycles
per degree, although the IOLs estimated were bifocal.
Also, Holladay et al.>” show that the multifocal I0Ls had
a 2-fold to 3-fold increase in depth of field with at least
a 50% lower contrast in the retinal image compared with
monofocal IOLs. Considering these reports and our results,
the pupil size in a multifocal IOL would affect the trade-offs
between (1) the depth of field and the in-focus, defocus
MTF and (2) the far and near MTFs. Also, as shown in Fig-
ures 4 and 6, the distinction between zones 1 and 2 in the
multifocal Array IOL depends mainly on the distribution of
the trade-offs. Therefore, we have not been able to find any
significance of the multiple blending zones in the multifo-
cal Array IOL. Further in vitro and in vivo studies integrat-
ing zonal geometry are needed to determine the optimum
design of the multifocal IOL.

In our laboratory measurements, each IOL was cen-
tered with respect to an effective aperture, and the phase
transfer function was effectively 0. However, phase shifts

greatly affect visual performance, particularly with multifo-
cal IOLs, in terms of increased optical aberration,*® which
is caused by tilt and decentration of the IOL® or corneal
astigmatism.”’ Also, not considered were such factors as
the neural system, that is, brain adaptation,'®!” or eye
dominance *>3° Despite these limitations, we believe that
our results are of use in predicting visual performance
with multifocal IOLs, taking into consideration pupil
size, far or near vision, and corrected versus uncorrected
prior visual performance. In light of pupil size, further
studies are needed to help identify patients for whom
IOLs are indicated for whom the depth of field and near
vision is enhanced.
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Posterior corneal surface changes

after hyperopic laser in situ keratomileusis

Tesuo Ueda, MD, Yoshiaki Nawa, MD, Kozo Masuda, CO, Hidetoshi Ishibashi, MD, Yoshiaki Hara, MD,

Hiroshi Uozato, PhD

PURPOSE: To evaluate posterior corneal surface topographic changes after hyperopic laser in situ ker-
atomileusis (H-LASIK) using Orbscan | (Orbtek, Inc.).

SETTING: Department of Ophthalmology, Nara Medical University, Nara, Japan.

METHODS: In 25 eyes of 15 patients who had H-LASIK, the posterior corneal surface was measured
with slit-scanning corneal topography (Orbscan I) preoperatively and 1 year postoperatively. The cen-
ter as a fit zone and calculated posterior corneal surface changes were taken at 4 points: nasal, tem-
poral, superior, and inferior sides in the 5.0 mm diameter. The posterior corneal topographic changes
were analyzed using an analysis of variance. The postoperative:preoperative magnification ratio of the
posterior corneal surface was calculated in a theoretical eye model.

RESULTS: When a “+ " reading was defined as the forward displacement and “—" was defined as the
backward displacement, the mean posterior corneal topographic changes were —2.8 pm + 27.9 (SD)
at the nasal side, —4.5 + 27.8 um at the temporal side, —3.9 £ 20.1 um at the superior side, and
—2.3 + 20.1 um at the inferior side. The posterior corneal surface between any 2 examined points
showed no significant difference after H-LASIK. In addition, the hypothetical change in the posterior
cornea was —8.3 um after +3.0 diopter H-LASIK, which was approximately closer to the study
results. In each side, the amount of the attempted correction was significantly correlated with the pos-
terior corneal topographic change.

CONCLUSIONS: Clinical measurement of the posterior corneal displacement after H-LASIK with Orb-
scan revealed a backward shift. This change corresponded to the hypothetical artifactual changes with
Orbscan; that is, changes in the magnification ratio.

J Cataract Refract Surg 2005; 31:2084-2087 © 2005 ASCRS and ESCRS

Myopic laser in situ keratomileusis (M-LASIK) and hyper-
opic LASIK (H-LASIK) have been efficiently, safely, and
predictably performed worldwide. However, we found sev-
eral reports of keratectasia after M-LASIK,"™ myopic pho-
torefractive keratectomy (PRK)* and posterior corneal
surface changes™®" after M-LASIK. Some reports suggest
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that a residual corneal bed less than 250 pm or a total corne-
al thickness less than 400 pm could cause keratectasia.'™
On the other hand, to our knowledge, there are no reports
of posterior corneal surface changes after H-LASIK.

With the advent of slit-scanning topography,® Orbscan
(Orbtek Inc.), we have been able to evaluate the shape of
the posterior cornea. However, the data obtained by Orb-
scan are limited in the accuracy of measurement. In a dis-
cussion of a study by Wang and coauthors,' Maloney
pointed out that the accuracy of Orbscan was approximately
20 pm. Moreover, some studies report that data displayed
on Orbscan may occasionally be inaccurate.”'® Cairns
and coauthors'' report a corneal model for slit-scanning
elevation topography, but the measurement principle has
not been actually described by the manufacturer.

We previously reported that the posterior corneal sur-
face changes after M-LASIK'? and the corneal endothelial
cell changes after H-LASIK'® may be related to the

0886-3350/05/%-see front matter
doi:10.1016/].jcrs.2005.04.034



POSTERIOR CORNEA SHIFT AFTER HYPEROPIC LASIK

postoperative:preoperative magnification ratio. In this
study, we report the clinical outcomes of the posterior cor-
neal surface change after H-LASIK using Orbscan and eval-
uate our results as compared with the data hypothetically
calculated by the postoperative:preoperative magnification
ratio.

PATIENTS AND METHODS

Twenty-five eyes of 15 patients who had H-LASIK without
significant decentration (>0.5 mm) participated in this study.
This study was performed as part of the Nidek EC-5000 H-LASIK
clinical trial at the Department of Ophthalmology, Nara Medical
University, between December 2000 and March 2002. The post-
operative follow-up period was at least 1 year. Patients with ker-
atoconus, active inflammatory disease, ocular surface disease,
and previous ocular surgery were excluded. In all patients, the
MK-2000 microkeratome (Nidek) was set to create a flap measur-
ing 9.5 mm in diameter and 160 pm in thickness. New blades in
the microkeratome were used in each eye. The ablation zone
was 5.5 mm and the transition zone, 8.0 mm. Neither corneal
thickness nor flap thickness was routinely measured intraopera-
tively. There were no major intraoperative or postoperative
complications.

In all patients, the corneal topography was measured with the
Orbscan I (Orbtek Inc.) preoperatively and 1 year postoperatively.
A difference map of the posterior corneal surface was used to as-
sess the posterior corneal surface change after H-LASIK. The cen-
ter of the cornea was predetermined as a fit zone because the
ablation profile of the hyperopic correction theoretically keeps al-
most 0.2 mm of the central area untouched (personal communica-
tion, Nidek, September 29, 2004). The mean elevation of the
posterior corneal surface was determined by the reading at 4
points on a line of 5.0 mm diameter (nasal, temporal, superior,
and inferior sides). Also, a “+” reading was defined as the forward
displacement and a “—" reading was defined as the backward dis-
placement. The posterior corneal surface changes were analyzed
using an analysis of variance (ANOVA). If the P value was less
than 0.05, it was considered significant.

In addition, the postoperative:preoperative magnification ra-
tio was calculated under the following assumptions: preoperative
corneal refractive power, 43.0 diopters (D); postoperative corneal
refractive power, 43 + X (X = amount of refractive correction); re-
fractive power of the cornea, 1.376; preoperative paracentral cor-
neal thickness, 550 pm. If the posterior radius of curvature of the
cornea was 6.8 mm, the relationship between the amount of cor-
rection and posterior corneal topographic change is shown in Fig-
ure 1. The Appendix shows the equation to calculate how much
overestimation or underestimation occurred after LASIK.

RESULTS

The mean age of the patients was 57.3 years (range 30
to 78 years). The mean of the attempted refractive correc-
tion (spherical component) was 3.50 D & 1.29 (SD) (range
+2.0 to +6.0 D) with a mean ablation depth of 38.29 +
14.74 pm. The mean posterior corneal topographic change
was —2.8 + 27.9 um at the nasal side, —4.5 £ 27.8 um at
the temporal side, —3.9 & 20.1 pm at the superior side, and
—2.3 £ 20.1 um at the inferior side. The posterior corneal

Amount of correction (D)

0 I 2 3 4 5 6
0 ) L 1 L L

-12F

Posterior corneal surface change (jum)

-18 %

Figure 1. The relationship between the amount of correction and appar-
ent posterior corneal surface change; +3.0 D H-LASIK hypothetically in-
duced 8.3 pm of the backward shift in the posterior corneal surface.

surface topographic change in any 2 examined points
showed no significant difference after H-LASIK (P = .38,
ANOVA). After this population was grouped (1.0 D step),
the result was similar to that before grouping (Table 1).

In the theoretical eye model, the posterior corneal sur-
face topographic change showed by —8.3 um on the differ-
ence map after +3.0 D H-LASIK (Figure 1). The
hypothetical shift of the posterior cornea was close to the
value of the difference map obtained by Orbscan.

Figure 2 shows the relationship between the amount of
the attempted correction and the posterior corneal topo-
graphic change. In each side, there was a significant corre-
lation between both.

DISCUSSION

In our study, there were no significant posterior cor-
neal surface changes in any 2 examined points. This may
be attributed to the choice of a population with better cen-
tration or alignment and the excimer laser ablation profile
in H-LASIK. Moreover, the value of the posterior corneal
surface change was approximately —3 pm at each examined
point. Taking the accuracy of Orbscan (approximately
+20 um) into consideration,' this would be smaller and
thus could be included within measurement errors. In
addition, a small change may be attributed to a relatively
lower amount of correction up to 6.0 D as compared with
myopic corrections. On the other hand, the high standard
deviation may mask possible differences between points.
The high standard deviation may be related to the inclusion
of many different refractive corrections into one single cat-
egory. Therefore, we recalculated data after grouping, but
standard deviation was not more compact and we found
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POSTERIOR CORNEA SHIFT AFTER HYPEROPIC LASIK

Table 1. The posterior corneal topographic change at each side.

Mean Posterior Corneal Topographic Change (um) + SD

Attempted Correction (D) Nasal Temporal Superior Inferior P Value*
+2to 4+6(n = 25) —2.8 + 279 —-45 1+ 27.8 —3.9 4+ 20.1 —-2.3 + 20.1 .38
After grouping
+2t0 +3(n = 10) 29 + 185 3.1+ 186 29+ 195 2.2 £ 131 39
+31t0 +5 (h = 8) —1.9 4+ 120 —8.1 4+ 232 -18 £ 1.7 1.0 £ 263 69
+4t0 +5 (n=4) —35 £ 259 25 4+ 19.9 —18.5 £ 23.0 —4.0 £ 165 41
+5to +6 (n=3) —23.7 + 21.1 —29.7 £ 177 -13.0 £ 170 —24.0 £+ 210 76
*ANOVA

a similar result. This may be due to the small sample size
and the accuracy of Orbscan. Further studies should be
conducted to validate this issue.

Based on the same assumption as M-LASIK, the poste-
rior corneal surface may be considered to change forward in
the area on which excimer laser ablation is performed.'™
Our results showed inversely the backward change. On
the other hand, we calculated the postoperative:preopera-
tive magnification ratio’>"? and compared our results
with the hypothetical posterior corneal surface change. A
+3.0 D H-LASIK procedure theoretically induced 8.3 pm
of the backward change in the posterior corneal surface.

correlation of posterior corneal topographic change with the
attemnpted correction (A: nasal side)

posterior corneal
topographic change (Um)

the attempted correction (D)

correlation of posterior corneal topographic change with the
atiempted correction (C: superior side)

posterior corneal
topographic change (um)

the attempted correction (D)

posterior corneal
topographic change (lm)
(=

posterior corneal
topographic change (um)

Considering the accuracy of Orbscan to be 20 pm," our
result almost corresponded to the theoretical change.
That is, the posterior corneal surface change may be mostly
an artifact, although we agree that ectasia of the posterior
cornea occasionally exists. In addition, the difference
map obtained by Orbscan may be insufficient for evaluating
the posterior corneal surface change after keratorefractive
surgery because the measurement of the posterior cornea
could be affected by various factors, such as the anterior
cornea.'t

In each side, moreover, correlation of the attempted
correction with posterior corneal topographic change was

correlation of posterior corneal topographic change with the
attempted correction (B: temporal side)

60
r=-0.44
40 14 (p=0.03)
20 $ [ 4
& N . &2 . s
M (2

the attempted correction (D)

correlation of posterior corneal topographic change with the
attempted correction (D: inferior side)

G0

40 ¢ 1=-0.39
0.05

20 & (p<0.05)

the attempted correction (D)

Figure 2. The relationship between the amount of the attempted correction and the posterior corneal topographic change at the nasal (A), temporal (B),
superior (0), and inferior (D) sides. In each side, there was a significant correlation between the 2.
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significant; the larger the attempted correction, the larger
the backward shift of the posterior cornea. This relation be-
tween the 2 could support our hypothesis.

When we compare the changes in corneal height
against a best-fit sphere, we have to set a fit zone. In
M-LASIK, a 3.0 mm wide peripheral annular fit-zone
from 7.0 to 10.0 mm in diameter is often used for surface
alignment in the difference map. In H-LASIK, the surgeon
attempts to obtain the largest corneal flap diameter possible
so that the stromal bed area is wide enough to accommo-
date the ablation. Excimer laser H-LASIK is mostly focused
on peripheral corneal ablation as opposed to the predomi-
nantly central ablation in M-LASIK. Therefore, the assump-
tions in M-LASIK cannot be applied to H-LASIK. In other
words, we must define the fit zone in the assessment of
the difference map generated from preoperative and post-
operative elevation maps. Therefore, we took the center
as the fit zone under the assumption that the corneal center
was theoretically almost unaffected by the surgical proce-
dure, as Maloney pointed out regarding the choice of a spe-
cific point (eg, its center) in a discussion on a study by
Wang and coauthors.’

In conclusion, the clinically measured posterior cor-
neal surface moved backward after H-LASIK. This was con-
sistent with our hypothetical eye model, considering the
postoperative:preoperative magnification ratio. If the pos-
terior cornea shifts backward, patients with a shallow ante-
rior chamber should have the following risk; a much
shallower anterior chamber depth, or the increase of the
risk in glaucoma followed by a much shallower anterior
chamber depth. New devices such as Pentacam using the
Scheimpflug method (Oculus) may be helpful in demon-
strating these changes, including anterior chamber mea-
surement with high-resolution imaging. We will have to
validate this hypothesis using other devices and reevaluate
and discuss this problem.

APPENDIX

Calculation of Apparent Change in Posterior Corneal
Surface Based on the Postoperative: Preoperative
Magnification Ratio’>

In calculating the shift of the posterior corneal surface
based on the postoperative/preoperative magnification ra-
tio (R),"” the following was assumed: The preoperative re-
fractive power of the anterior corneal surface is 43.0 D, the
preoperative paracentral thickness of the cornea is 550 pm,
the refractive index of the cornea is 1.376, the preoperative

and postoperative radius of curvature of the posterior sur-
face is 6.8 mm, the amount of hyperopic correction is X,
which varies from 0 to +6 D.

In addition, if we assume that the hypothetical change
is directly translated into the shift of the posterior corneal
surface in the calculation of the difference map, the appar-
ent posterior corneal surface change (Y) is expressed as
follows:

Y = 6800 x (1 —R)
where

R = 1.35235/[1.37600 — 0.00055 x (43 + X)]
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Effect of Pupil Size on Photopic and Mesopic Vision under
Binocular and Monocular Viewing Conditions

Takushi Kawamorita* and Hiroshi Uozato* **
*Department of Ophthalmology and Visual Science, Kitasato University Graduate School of
Medical Sciences
**Department of Orthoptics and Visual Science, Kitasato University School of
Allied Health Sciences

EEREPHREOIL M IXMNPELRT S EE, BEILRPPECEI ARREBEHRETOIAL I X MR
FACRIFTEEERI U, HRIE, EEEHREISR22IBTHS ., AFRIE, BILEFEFIRHTLODIC2E
DINBIA A T HEBIGF T THB L 72 CAT-2000 &£iNEET OPD-Scan 2\, £/, HAWAERTESLL
Zernike ¥ & EEDHEIFED Zernike RHICEHRER U, #ET % Schwiegerling DIV T U X LERANT
BRELRICHSL 2E8RINEOHMEBHEL -, &R, SHAVWETATOREIL M5 X NTEERE
EilbW\WT, BRATEARESRNEOHENL, MBERTOZASICEANFELSEERL 2, £/, BE
BHAOEIL NS X MNBETICE T 5 EIE SMR logMAR EOZE L, BERTICENTAZ P>, BHBEHR
TTRIELROLKIL, BEBEPHREOI L A NMIAPHOTEIY, $8RNEZEME LS,
TORR, RERICREZ5Z5WEEPTRE N, (BEOHE  26: 71—75, 2005)

F—7— N ELE, ExE 32 FSAMED, BEE, HER

We investigated the effect of pupil size on photopic and mesopic vision under binocular and
monocular conditions in 22 eyes of 13 subjects. Pupil diameter was continuously recorded during
contrast visual acuity measurement (logMAR scale) with modified CAT-2000. Aberrometry mea-
surements were performed with OPD-Scan. Zernike coefficients were calculated for natural pupil
diameters under binocular and monocular conditions, using Schwiegerling’s algorithm to recal-
culate the expansion coefficient. In photopic and mesopic vision, mean pupil diameter and total
higher-order aberration increased significantly under monocular condition, as compared to
binocular condition. Monocular visual acuity was significantly worse than binocular visual acu-
ity. The differences between monocular logMAR and binocular logMAR in photopic vision were
greater than in mesopic condition, especially with visual targets of low contrast. These results
suggest that increase in pupil diameter from binocular to monocular condition give rise to
increase in higher-order aberration with every contrast of visual target and background lumi-
nance, impacting subjective visual performance. (Jpn J Vis Sci 26: 71-75, 2005)

Key Words: Pupil size, Higher-order aberration, Contrast visual acuity, Photopic vision, Mesopic vision
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