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RETINAL IMAGE SIMULATION WITH DECENTERED IOL

Jateral shift of focus. Kozaki and Takahashi*® reported the
effect on peripheral images when planoconvex, biconvex,
and meniscus IOLs were decentered 1 or 2mm from the
pupil center and showed that retinal image defocusing
became more severe as IOL decentration and the angle of
the incident light rays increased, probably because of astig-
matism, coma, and field curvature. In clinical cases, Hayashi
et al® reported that no significant association existed
between IOL decentration or tilt and log minimum angle of
resolution VAs at 5.0, 3.0, 2.0, 1.0,0.7,0.5, and 0.3m in eyes
with a monofocal IOL without complication, although the
amount of decentration was small (0.33 + 0.38 mm).

Compared with these previous evaluation methods, our
system has two advantages. One is that it can simulate
retinal images in eyes with an IOL under conditions that
resemble the actual clinical environment, where the inci-
dent angle to an IOL from the photographic lens is set to
the same incident angle from the cornea in a human eye.
Another advantage is that the system can simulate the
retinal images with an IOL that cannot be calculated by a
ray-tracing method owing to a lack of detailed optical data
about the IOL, such as with the multifocal IOL used in this
study.

Our results showed that the images with a monofocal
IOL are minimally affected by decentration at 4 and 5m;
however, at 2 and 3m, the image contrast slightly decreased
with increased decentration. The simulation of VAs with a
monofocal IOL supports these observations and showed
that VAs are minimally affected by decentration up to
0.6mm (Fig. 5A, B); however, the VAs slightly decreased by
decentration over 0.6mm at 2 and 3m. The simulated VA
somehow improved with 1-mm decentration compared with
less decentration at 1,2, and 3m with a 4-mm aperture (Fig.
5B), which seemed to be the result of setting when the direc-
tion of the IOL decentration was almost parallel to the
direction of the gap in the Landolt’s ring.

The optical performance of the AMO Array refractive
multifocal IOL is theoretically minimally affected by decen-
tration because of its concentric five-zone optical design;
however, its actual performance when the lens is decentered
is unknown. Therefore, it is difficult to determine whether
the multifocal IOL should be implanted when a minor intra-
operative complication occurs that may result in decentra-
tion, such as a tear in the continuous circular capsulotomy
(CCC). Hayashi et al.* previously reported that increased
decentration is associated with decreased far and interme-
diate VAs; that is, decentration of 0.7mm or greater sub-
stantially decreases the distance VA, and decentration of
0.9mm is the maximal allowable limit in an eye with a mul-
tifocal IOL.2

In our results with a multifocal IOL, there was some
decrease in image contrast at all distances except for 0.4m
compared with the monofocal IOL with or without decen-
tration; however, optotype images were recognizable under
all conditions. The visual simulation and estimated VA
showed that the images were not greatly affected by decen-
tration with the 3- and 4-mm aperture, except for the case
with 1.0mm decentration at far (4-5m) and near (0.4m)
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with the 4-mm aperture. The major distance focus zone of
the AMO Array IOL is in the central 2.1-mm diameter.
Because the aperture diameters used in this study were
3 and 4mm, almost the entire central distance region
must be exposed even when decentration reaches 1mm.
Therefore, the quality of the distance image might not be
affected greatly by decentration up to 1mm. However, the
near-focus zone of the AMO Array IOL is in the zones
between 2.1 and 4.6mm, so the useful near-focus zone
decreases when decentration occurs. These changes result in
degradation of the image quality at near focus, especially
with the 4-mm aperture, although degradation of the image
quality would not be caused simply by obstruction of this
region but by other optical factors such as astigmatism,
coma, and field curvature generated by decentration of the
optics.

In summary, our results using a new visual simulation
system suggest that up to 1.0mm of decentration of either
monofocal and multifocal IOLs may not greatly affect the
quality of vision. In clinical cases, over 1 mm of IOL decen-
tration rarely occurs without major complications, so the
effect of decentration on retinal images should not cause
undue concern for an IOL implantation with a minor com-
plication such as a tear in the CCC. However, we should
always take decentration into consideration because the
minor differences reported in this study might prove to be
of greater importance in some circumstances, such as under
conditions of reduced visibility, or with the newly designed
IOL having a fixed amount of negative spherical aberration
(Tecnis 29000, Pharmacia, Groningen, The Netherlands),
in which small differences in image quality become more
important.
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The double-pass method is thought to obtain the point spread function (PSF) in human eyes based on two techniques:
the symmetric double-pass method using the same pupil size and the asymmetric double-pass method using a different
pupil size. The symmetric double-pass method provides autocorrelation of the retinal PSF and, thus, the modulation
transfer function. The asymmetric double-pass method provides low-frequency partiai-phase information and the
partial phase-retrieval algorithm is applied to obtain the complete-phase information, and to estimate the PSF. The
partial phase-retrieval algorithm is based on the iteration method proposed by Fineup and Kowalczyk and requires a

lengthy computation. In this study, we propose a new high-speed phas
the real and imaginary parts of optical transfer functions (OTFs) continuously change in value.
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e-retrieval algorithm based on the property that
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1. Introduction

Refractive surgeries, i.e., intraocular lens implantation
and laser in situ keratomileusis, are gaining increasing
popularity. However, even when good visual acuity is
attained after the surgeries, some patients complain about,
for example, a decrease in contrast. Ocular functions such as
visual acuity and contrast can be derived objectively by
using patients’ ocular point spread function (PSF), which
allows clinicians to objectively understand the optical
performance.

The double-pass method has been proposed to obtain the
PSF in human eyes based on two techniques: the symmetric
double-pass method using the same pupil size and the
asymmetric double-pass method using a different pupil size
as reported previously.'™®

The symmetric double-pass method provides autocorrela-
tion of the retinal PSF and, thus, the modulation transfer
function (MTF). The asymmetric double-pass method
provides low-frequency partial-phase information, and the
partial phase-retrieval algorithm is applied to obtain the
complete-phase information and to estimate the PSF. The
partial phase-retrieval algorithm is based on the iteration
method of Fineup and Kowalczyk,>'? and the algorithm
requires multiple Fourier transformations because it calcu-
lates in the space and frequency domain alternately. As a
result, the computational time is lengthy. The algorithm used
in the current study does not use the characteristics of optical
transfer fanction (OTF). The algorithm starts the calculation
in the correct low-frequency partial phase, the high-
frequency random initial phase, and the correct MTF. The
algorithm secks the PSF, the value of which exists in limited
space without a negative value.

Another algorithm that uses the property of OTF is

available. We identified the property of the changes in value
of the real and imaginary parts of the OTF through one-
dimensional computer simulation. The value of the real part
of the OTF at 0 spatial frequency is 1 and it decreases and
increases continuously in a wave-like fashion. The value of
the imaginary part of OTF at the O spatial frequency is 0 and
it increases or decreases continuously in a wave-like fashion.
Therefore, the high-frequency partial phase can be extrapo-
lated because the real and the imaginary parts of the OTF
continuously change in value. This algorithm does not
include a calculation of Fourier transform and requires a
shorter calculation time. In this study, we show the
efficiency and the usefulness of the proposed algorithm
through one-dimensional simulation.

2. Optical System and Phase Retrieval

The schematic diagram of the optical system for the
double-pass method is shown in Fig. 1. The light beam
emitted by the point light source passes through a collimat-
ing lens and an artificial incident pupil and reaches the
subject’s eye. The artificial incident pupil restricts the
diameter of the incident beam. The light beam reflected from
the subject’s retina passes through the artificial exit pupil
and a second lens forms an aerial image on a charged couple
device (CCD) array.

In the symmetric double-pass method, the diameter of the
artificial incident pupil is the same as the diameter of the
artificial exit pupil. With the asymmetric double-pass
method, the diameter of the artificial incident pupil is
smaller (less than 1.5 mm) than the diameter of the artificial
exit pupil.

The algorithm for obtaining the MTF and the low-
frequency partial phase transfer function (PTF) is as
follows.” The images ip(x) on the CCD array obtained by
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Eye optics

Double-pass

PSF CCD

Fig. 1. Diagram of the optical system for the double-pass method.
P: point source; 1.1 and L2: lens; Ai: artificial incident pupil; Ad:
artificial exit pupil.

the symmetric double-pass method are related to the retinal
image (ocular single-pass PSF) through an autocorrelation
operation as follows:

ip(x) = sp(x) ® sp(—x), 1)

where sp(x) is the PSF for a pupil with diameter D, x is a
two-dimensional spatial variable, and ® indicates convolu-
tion. The Fourier transform of eq. (1) is

In(u) = (Spw)?, 2

where Sp{u) is the MTF of the eye for pupil diameter D and
u is a two-dimensional spatial-frequency variable. The
ocular MTF Sp(u) is obtained from eq. (2).

The images i;(x) obtained using the asymmetric double-
pass method are related to the retinal image through a
convolution operation as follows:

ig(x) = §4(x) ® sp(—x), 3)

where s4(x) is the near-diffraction limited ocular PSF for
pupil diameter (d) of the incident artificial pupil that is
similar to an Airy pattern. The Fourier transform of eq. (3) is

14(u) = Sp(u)Ca(u) exp{—iFpw)], )

where C,(u) is the Fourier transform of s;(x), Cy(u), and
I;(u), and they are limited to the cutoff frequency u, that
corresponds to the small artificial incident pupil with
diameter 4. Because the PTF value of C;(u) is considered
to be 0 in all spatial frequencies, the PTF is derived in low
spatial frequency [0, u;] as follows:

Fa(u) = tan™ (Im[1y(w)]/ Re[L24))). (5)

The algorithm for phase retrieval at the higher spatial
frequency is as follows. The random values are added to the
higher spatial frequency over uy and the temporary PTF is
constructed. The first-step PSF is obtained by the inverse
Fourier transform of the combination of the correct MTF and
the temporary PTFE. The first-step PSF includes the negative
value and exists in an unexpectedly wide area. The negative
value of the first-step PSF is changed to a positive value or O.

Y. IIDA et al.
Double-pass PSF Double-pass PSF
Equal Size Unequal Size
Ai=Ad Ai<Ad
MTF — OTF ¢ PIF
MTFxe ™" i
: Phase retrieval
JL in the high
spatial frequency

PSF single (ceal)

Fig. 2. Estimation of single-pass PSFs using the correct MTF and
the PTF recovered by the phase-retrieval algorithm.

In addition, the values that lie outside of the expected area
are changed to 0. By Fourier transform of the modified PSF,
the second-step OTF that has a different value for MTF is
obtained. After the MTF of the second-step OTF is changed
to the correct MTF, the second-step PTF is calculated by
inverse Fourier transform of the modified second-step OTF.
This iteration process is performed repeatedly until the
difference between the nth-step MTF and the correct MTF
becomes small. However, the PTF is difficult to obtain with
the small MTF value. Iglesias et al. reported a new method”
that can solve this problem. Finally, the single-pass PSF is
estimated using the correct MTF and the nth-step PTF
(Fig. 2).

3. Property of OTF Value

The algorithm of the phase-retrieval method described
previously does not use the changes in the OTF values from
0 to high spatial frequency. We observed the feature that
exists in the change in the values of the real and imaginary
parts of the OTFs through one-dimensional computer
simulation. The tested OTFs were calculated from the
wavefront aberrations expressed by the Zernike polynomial
up to the fourth order, changing the coefficient that usually is
seen. The one-dimensional wavefront is represented as
follows:

gx) = axt + 0> + cx® 4+ dx+ e 6)

The four examples in which the PSFs for the four different
wavefronts are analyzed are shown in Fig. 3, where the solid
black line indicates the MTF, and the real and the imaginary
parts of the OTF are represented by the dark gray line and
the light gray line, respectively.

Figures 4 and 5 show the PTF and the primary differ-
entiation of the real part of OTF in the case of example (1) in
Fig. 3.

The MTF shown in examples (2) and (3) in Fig. 3 starts at
1 at the 0 spatial frequency, decreases, and does not change
continuously. In addition, the large change in the value from
plus (or minus) 7 to minus (or plus) 7 in the PTF is seen in
Fig. 4. However, the real part of the OTFs has a value of 1 at
spatial frequency 0, decreases continuously as the spatial

0-05R10001
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MTF
< Real part of OTF

S u iy

Imaginary part PSF

18] @

)] 4

Fig. 3. Four examples of one-dimensional PSFs. Solid black line:
MTF; dark gray line: real part of the OTF; light gray line:
imaginary part of OTF; (1) wavefront g(x)= 0x* + 0.55° +
0.0x2 4 0.0x + 0.0; (2) wavefront g(x) = 0.4x* + 0.5x° -+ 0.3x% +
0.1x + 0.0; (3) wavefront g(x) = 0.0x* + 1.2¢% + 0.0x -+ 0.0x +
0.0; (4) wavefront g(x) = 0.2x* + 1.2 + 1.5x2 4+ 0.1x + 0.0.

1 —— MTF 2
e OTF-Rej
< OTF-Im
= = «PTF

0.5 r
E | w
E /

/ u
oF 0
-0.5 -7

Frequency

Fig. 4. Example of MTF and OTF obtained from the one-
dimensional wavefront: g(x) = 0x* +0.5x3 4+ 0.042 + 0.0x -+ 0.0.
OTF-Re: real part of the OTF; OTF-Im: imaginary part of OTF.

frequency increases, and changes in a wave-like fashion of
damped oscillation. Moreover, the imaginary part of the
OTFs has a value of 0 in O spatial frequency, increases or
decreases continuously as the spatial frequency increases,
and changes in a wave-like fashion. In addition, the primary
differentiation of the real part of OTF in Fig. 5 shows that
the real part of OTF does not change suddenly. The
imaginary part of OTF has the same feature.

As mentioned previously, the real and imaginary parts in
the spatial frequency from O to u4 can be obtained by the
double-pass method. Therefore, we consider that the higher
frequency partial phase can be extrapolated by using the
property that the real and the imaginary parts of OTFs
contimuously changes in value. The algorithm using this
property is shown below.

Y. IIDA et al. 3
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Fig. 5. Example of continuity. Black line: primary differentiation
of the real part of the OTF; dark gray line: real part of the OTF;
light gray line: imaginary part of OTE.
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Estimation of PSF

Fig. 6. The flow chart of the proposed algorithm.

4. New Algorithm

The proposed algorithm uses two properties. One is the
continuous change of the real and imaginary parts of the
OTFE. The other is the definition of MTF that equals the
square root of the real part squared plus the imaginary part
squared. The proposed algorithm consists of two processes.
The flow chart of this extrapolation process is shown in
Fig. 6.

In the first process, the real and imaginary parts of the
OTF are calculated from the MTF and the PTF. The values
of the real and imaginary parts in the neighboring higher
frequency then are separately predicted by process 1
described below. The predicted values then are modified to
fit to the correct MTF in process 2 (Fig. 7). These processes
are repeated from low to high spatial frequencies until the
cutoff frequency of the large pupil (ur). Finally, the real and
imaginary parts in all frequencies are obtained and the ocular
PSF is estimated.

4.1 Process 1
The values of the real and imaginary parts of OTF on the
spatial frequency u, are presumed separately using values

0-05R10001
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MTF
Real part of OTF

___MTF (u,)

Imaginary part

Fig. 7. Phase retrieval according to the proposed algorithm.

between 0 and u,_;. The value of the real part Ry(u,) is
presumed in process 1 as follows:

Ry(un) = R(up—1) + Rua(ttn—1). Q)
The spatial frequency is defined digitally as follows.
uy, = ndu, (8)

where du is the amount of frequency change and n is the
integer (n = 0, 1,2). R,4(u,) can be defined as follows:

n—1

D (R Gu) — Ry ()

Raglity1) = H=——— : ©)

Here, we use the mean difference of the neighboring two
values as R.q4{un). k is selected in the region where the value
of the real part increases or decreases monotonously. u, is
the lowest frequency in the continuous change. The other,
the following formula seems to be available

Raq(up_1) = Ry(up—1) — Ry(utn—2).

However, the value of the real part includes slightly more
noise, which leads to the unexpected R;(u,). Therefore,
R,a(u,) of eq. (3) seems to be superior.

The values of the imaginary part I;(u,) are presumed in a
similar manner.

10)

4.2 Process 2
MTF;(u,) is calculated by using R;(u,) and I(u,)
obtained by process 1, as follows:

MTF () = R () + I (). (11

Here MTF(u,) must be the correct MTF (MTF oor (1))

obtained by the symmetrical double-pass method.
However, the difference between the correct MTF and the

derived MTF;%(u,) exists and is defined as follows:

DMTF (u,) = MTF oo;* () — MTF*(u,,). (12)

Y. IIDA et al.

The difference is distributed to the real and the imaginary
parts, respectively, according to the following formulas:

DR(u,) = DMTF(uy,) x ratioR(u,), (13)

DI(u,) = DMTF (u,) x ratiol(u,), (14)

where DR(u,) and DI(u,) are the amounts of distribution for

the real and the imaginary parts, respectively.
The ratios for distribution are expressed as follows:

tioR(U,) = ____I.Q_LZ_(L (15)
T = R U + 1 AU
2
ratiol(U,) = h Gy (16)

R]2(Un) + Ilz(Un) )
This is based on the idea that it seems to be better to
decide the distribution ratio according to the magnitude of
the value.
Finally, the real and imaginary parts are determined as
follows:

R(un) = kv/ Ry*(un) + DR(u), an
I(un) = kv/Ii*(a) + DI(u), (18)
where sign k is defined as:
+1 if Ry(u,) or I1(u,) > 0
k= 0 if Ry(u,) or I;(u,) =0 . 19

—1 if Ry(uy,) or I1(u,) <O

The value of k is determined by whether the change
increases or decreases.

5. Computer Simulation and Results

The simulation using the proposed algorithm was per-
formed as follows. Many wavefronts were prepared and the
PSFs were calculated. By Fourier transform, MTF and PTF
were obtained for each PSF. The values of the high
frequency of PTF were set to 0. The values of PTF in the
high spatial frequencies were reproduced using the proposed
algorithm, and PSF was estimated. Finally, the estimated
PSF was compared with the original PSF with the correct
value the high spatial frequency to confirm the performance
of the proposed algorithm.

5.1 Experimental procedure
The two-dimensional PSF is calculated by the following
equations:

Flu,v) = /fexp[—i?;lzw(x, y):l

2
X exp [-—z T (ux, vy)} dxdy,

PSF(x,y) = F(u,v) x F*(u,v), @n

where w(x,y) is the wavefront represented by the Zernike
polynomial. Here, egs. (20) and (21) become one dimen-
sional as follows:

Flu) = fexp[—ig;g(x)] éxp[——i 2/1_71 (ux)]dx (22)
PSF oi(x) = F(u) x F*(u),

(20)

(23)

0-05R10001
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where g(x) is the one-dimensional wavefront and g(x) is
represented by eq. (6).

Here, the order of the polynomial is restricted to the fourth
order, which is sufficient for ordinary ocular wavefronts that
include coma aberration and astigmatism. Each coefficient
of the polynomial, a, b, c, d, and e of g(x), is adapted from
0.1 to 1.15 in increments of 0.15.

PSF is calculated by Fourier transformation; MTF and
PTE also are calculated. The values of PTF until the cutoff
spatial frequencies of the small pupil are held and the values
of the higher spatial frequencies are set to 0. The diameters
of the small and the large pupils are set to 1.5 and 6 mm,
respectively.

The degree of similarity is calculated for the original PSF
(PSFou(x)) and reconstructed PSF (PSFy(x)) using the
following equation:

T
> |PSFosi(x) — PSFrec(®)I?
S1=1-22

7 24)
Y PSFoi(x)?

x=0

This improves eq. (10) of ref. 7.
The next equation is used to check the positive power
ratio of PSF, since PSF must consist of non-negative values.

T
Z PSFpositive(x)
52 = =0

T T
ZP SF posi(ive(x) - ZP SF, negative(x)

x=0 x=0

(25)

where PSFpositive(x) and PSFnegaiive(x) are the positive and
negative values of the reconstructed PSF, respectively.

5.2 Results

Three examples obtained by the proposed algorithm are
shown in Figs. 8, 9, and 10. The center shows the original
PSF and its MTF and the real and the imaginary parts of the
OTF. The lower left shows the real and the imaginary parts
with the restricted PTF in the low spatial frequencies; the
upper left is the resultant reconstructed PSF. The lower right
is the reconstructed real and the imaginary parts obtained
using the proposed algorithm, and the upper right is the
reconstructed PSF. The original PSF is obtained by the
wavefront represented by g(x) = 0.1x* 4+ 1.0x* +0.55x2 +
1.15x + 0.8. The reconstructed PSF is similar to the original
PSF in the example in Fig. 8. The similarity value estimated
by S1 is 0.97 and the plus power ratio estimated by S2 is
0.99.

Figure 9 shows the result of the original PSF of the
wavefront represented by g(x) = 0.85x* + 0.85x> + 0.1x* +
0.85x + 0.1. The reconstructed PSF is also similar to the
original PSF. The similarity value estimated by S1 is 0.95
and the plus power ratio estimated by S2 is 0.97.

Figure 10 shows the original PSF of the wavefront
represented by g(x) = 0.1¢* +0.1x% + 0.1 + 0.1x + 0.1.
The similarity value estimated by S1 is 0.62 and the plus
power ratio estimated by S2 is 0.91. This is a case in which

Y. IibA et al. 5

Fig. 8. Results of the phase retrieval. PSF of wavefront
2(x) = 0.1x* + 1.0x + 0.55x% + 1.15x + 0.85. Upper center: orig-
inal PSF; lower center: its MTF and the real and the imaginary parts
of the OTF; lower left: real and imaginary parts with the restricted
PTF in low spatial frequency; upper left: PSF reconstructed from it;
lower right: reconstructed real and imaginary parts obtained using
the proposed algorithm; upper right: estimated PSF.

Black line: primary differentiation of the real part of the OTF; dark
gray line: real part of the OTF; light gray line: imaginary part of
OTF in the down figure.

.
=3
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G
i

whe i
iy

Fig. 9. Resulis of the phase retrieval. PSF of wavefront g(x) =
0.85x* + 0.85x° + 0.1x% + 0.85x + 0.1.

the proposed algorithm did not work well, because it
reconstructed the real and the imaginary parts like a wave.
The real and the imaginary parts of the original OTF did not
vary in a wave-like pattern over time. However, cases such
as this in which there is no wave-like variation are rare.

Table 1 summarizes the results, The phrase “without PR”
(phase retrieval) means that the PSFs were reconstructed
from the restricted PTF with the values of the low spatial
frequency. The phrase “with PR” means that the PSFs were
reconstructed using the proposed phase-retrieval algorithm.
Table 1 shows the effectiveness of the proposed method.
The mean value of the similarity S1 is 0.919 and seems to
be satisfied.

0-05R10001



OR PROOF

6 OPTICAL REVIEW Vol. 13, No. 2 (2006)

e

Fig. 10. Results of the phase retrieval. PSF of wavefront g(x) =
0.1x* + 0.1x° + 0.122 + 0.1x + 0.1.

6. Conclusions

We proposed a new phase-retrieval algorithm using the
property of the real and the imaginary parts of the OTFs.
Through this simulation, the validity of this method has been
evaluated. However, the real and the imaginary parts of
some OTFs do not change in a wave-like manner, and the
proposed method was unsuitable in that case. To further
improve the method, reinvestigation of the features of the
detailed changes of the OTF is needed.

The next stage is to develop this technique into two
dimensions, check the validity, and apply it to data from
human eyes.

Y. IIDA et al.

Table 1. Comparison of similarity and positive power ratio.

Similarity Positive power ratio
S1 S2
Without . Without .
PR With PR PR With PR

Mean 0.611 0.919 0.883 0.973
SD 0.015 0.005 0.001 0.0004
Maximum 0.882 0.994 0.932 0.998
Minimum  —1.015 0.107 0.805 0.845

Without phase retrieval (PR), reconstructed PSFs from the
restricted PTF with the values of the low spatial frequency. With
PR, reconstructed PSFs using the proposed phase-retrieval
algorithm.
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FHRESH 17 BHOOCT Al T, AR 228 um
EWAH U TWEAERIGIEILA Eh -7, WFERE
41 AOOCT PR TIE, AIR191 um, KR
546 um TH o 7. T DRI, ERICH L THBR
T3t U TIT > e D L RIRR O FIRESE T > & T
%, FERES 11 A12ITIE AR 265 pm WU 2.
FUPLAYOYPE b NIEFERRNESEGE U
TREEE & AT > AD, SwkE B & U migREIM
DPFEPHFELEICE D TN LA > ORI
bLUTWB T ED DR, PUFLY  OVFE

sz PYIE R o RKAURTT

P NORRIGH S n AKE, ERIEETERL <
W3, BEETHTEINZBERFEMRECSWT
(&, RWNICE T2 IMEWNEizEER 7 (VEGF) O
BELMABWT ECX>T, MEAREFTDOBEE D HE
MEEDOHEENMEC D EEASALNTWVWD, PUFLA
T OyFPEMNZ FEFERERNESZITS &, #9131
Ao 4n AMRAICKRFE UTHEL, VEGF
DRBEEIH T B DN D, Bandello »iE, k
VP LA Orvre b= FEFHRANESHE, HEE
DMLEFRIEANIEHE [CTTE L TWBERICHWVWT,
Mg RRBAFT DBEAE- D S MR ORI A I A, ekt
BEAZICT2DICHFAGHREE TG 0D UNKA
WEBNTWS,

DNHN B ML OF R BER I LT,
UrAhyv/Oyr7t b= Nimg W FERTEET
W, FIEOCKEEB/LBICHRERZT> TV (F
1~6). MR OFHE (MRS IMRE, T L
A VERIREER, OCTAHETITo-TWwWa, D
NHONOEERTIE, FVPLY  OYFPEFZNRY
FHEWESE, FEOBREH S ITIE 3~4 HERE
EzBEETEHIEHNEZWN,

V8 PRIGSAEIRERE [ 5 17 B SE M FE I A\ D JEBEE TR B
FEROKRENTH D, ULHL, BETIEHMEEZE
LEMAD LB BAA, BEEREICLZHNE
THTFHHDWEHREL TWE, BT RARIC
MU TWS T EDEREGHRRCA-EEEDN
5., UHUGEDD, BUERBEME AN
(&, REEEETS & UTH, RRAEETEERD
DEaTlE, HEREORGRENCTHUL, BHE
CR>TFABREICHEDZCEEHEELHNS.
D7, HENEEBETLEDER ZEEME T
%% VEGF il U, MEESEZ 6 U rEtE %
BBIATITEXREHEELELT, PUFPLAY OVT
T b MEFEREHEET > TWS, B HRRES
DAEPHES LT, BRAR, KaEER, AREOME
ITPRELEANEZDND., DO OHERTIE,
PUPLAYOYFE = NEHTERNESHT EZEA
B & DILFEFFLEIC K URRBINICFE L 2 BHEAWT
W3, $HHIUD 1ES T ECHBSN N PV
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Levofloxacin-resistant Bacteria in Conjunctival Flora of Patients Undergoing
Interocular Surgery

Miharu Sakurai, Koji Hayashi, Minoru Obazawa, Yuji Haruhata, Kunihiko Akiyama, Hiromi Hosoda,
Kenji Ono, Toru Noda, Masakazu Yamada and Yasuhiko Tanaka

Division of Vision Research & Division of Disability and Rehabilitation Research,
National Institute of Sensory Organs, National Tokyo Medical Center

I FuE O yEEMEREROBTE CHVORTWEY, BEORFEOER, NAICHECEENANT
TEE ORHBE D BAEE U, ERIEEEOBMA]ME STV 5, 2000~2002 FICHRER L ¥ ¥ — THHENA
MR SR I S A T 5 3 & SR P M BB % 1T o 72 1,948 1 1,048 IR 2 3b iz, JEAIMHIEBIAR M DSRBE B IRET L 7.
VAT O EY Y VBRI 14.5 % (2000 4E), 18.3% (2001 4F), 20.5% (20024F) TH Y, MEFFNAEER
T o 72 b OOENTHIMERICH - 72, RBEOWNFIE, RET FYHRRE, 20 AN7 70T A, HBTFY
REOECE o7, BOFLVI VA TF ) O vRBEAO—DTHZ VETHIY Y v TOMEROMMARE S
n, REEEOBBERLERICB I AMBLEDFECFICTHEEL T LENHD EE R ORI

Increasing resistance of bacterial flora to levofloxacin has been reported as a result of the recent trend toward
fluoroquinolones as first-choice antibacterial agents for ophthalmic use. We retrospectively reviewed the database
on bacterial flora found preoperatively in the conjunctival sacs of 1,948 eyes of 1,948 patients who underwent
intraocular surgery at National Tokyo Medical Center from 2000 through 2002. The most frequently identified bac-
terial isolate was Staphylococcus epidermidis (43.1 %), followed by Corynebacterium species (8.7 %). The in vitro |
resistance of these isolates to levofloxacin increased annually from 14.5 % in 2000 to 20.5 % in 2002, although the
increase did not reach statistical significance. Our results agree with previously published studies.

{Atarashii Ganka (Journal of the Eye) 22(1) . 97~100, 2005]

Key words © $EISAEER, ®FIRZ®, 7+ uF/ ny, RAK. conjunctival flora, drug sensitivity, fluo-
roquinolones, endophthalmitis.
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ER, ELECEY, FEICENEEROERRREEIC DS
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YHMRE T FYEKE (MRSE), ~=3 Y RS RRE
(PRPS) % L OSHKITHEEOBMAHE L 2o T3,
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25, RREECIZAEREE LCELBROBTHYLNT

WEA, BESEICBITHERE LA L 2 EARER
OHMPBESNEY, BELOMR T, WHRBEIKD
—B e LT, MIRFEHRE SN LATHTIC A BB B =
L EH SRR T TCBY, 1995~1999F FTHF 7
oF9 Yy (OFLX) MEERIMEL R L 25, &F
MICESREINLCWZ & % UATcHlE Lie”.
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v

»Y, OFLX & LVFX O EOERIZEM L Tv 21 8
PH B, T T, YEHIBTAWENRFNELE TSR
LR R & & BRI SRR OB R+ retrospec-
tive \CHET L, DARIOME & OB E T2 72O THET 5.

I HRBIUFE

2000~2002 FICE VIR EER > 5 — (F Bimk
WHERFERY ¥ ¥ —) CHRNIRFPR AR 2
BIUEABSURRET o/ 1~97RETO 1,948 41
1,948 B (BYE 686 61, ik 1,262 61, FHLEM 70 %) %4
S L.

IR R 2R B 5 WIS, LVFX Rl =R%
R, EHIHRHEEOB W L3 FHIC BT 5 LVEX ik
RERR7z, Tz, FOMORERICHTAHEREAL
b, ALy (EM), Fv¥<w4v v (GM) Lo
b7 o7, [EFIC1995~1999 FE 28T 5 %% o OFLX
TR R E & B L7,

FEERME R A, THREHE 2 MEMECRAL, WA
748 BB, MEERERS L U MacConkey
FERIEM % HCHMRERL T, MEEFEE L. RS
EEITo Twiv, DWT, S/ s st Ui
SRR E T, WAEFHIEIE (minimum inhibitory
concentration : MIC) %#3kK®7:. LVFX, EM, GM DH|
it oFEREL, RET FYHE, a)ANrFI oA, BE
TR EWE 3WHIconwT, MICENLZN8 ug/ml, 8
ug/ml, 4 pg/mi P EEmEE L7,

o ]

?ﬁtﬂl?j@v’f'*‘iﬁbi 1,948 IRAr 1,573 BRICB VT 2,194 Bk Td

, NSRRI 80.7 % Th o o, WEERE RGN
%a,ﬁ&@@v%LﬂXWﬁ%@M@%ﬁ%u%1mﬁ
9. 2000~2002 4 LVFX TP B ikt 313 2000 4£C 14.5
%, 20014ET18.3%, 20024 T 20.5% & RE4ERISHIINL
TWb DD, HEENAEEEEED R 7.

BHBEORRTHE, RE T FYEEN43.1% & 240

£ 1 BEEMEERGERSLAT7OFY Y2 (LVFX) FHEE

L dabs
200045 20014 20024 &1k pf
EFIE (A) 642 639 667 1,948
HkH A% (B) 435 521 617 1,573
HRIE (%) (B/A) 67.8 815 925 80.7
BRHEHE (C) 683 736 775 2,194
Bt E#E (D) 99 135 159 393

EHEE RN (%) (D/C) 14.5 18.3 20.5  17.9 >0.05

LVFX MR SRR I8 L T v a8, e R
KEEEZ o7 (p>0.05).

98 726 LWIREL Vol. 22, No. 1, 2005

2 RHBEORR B4R 2,194 )

B Wit (%)

KT FYHRE 945 (43.1)

MSSE 928

MASE 17
SR ENAVE P 191 (8.7)
HET P RE 153 (7.0

MSSA 131

MRSA 22
PR 88 (4.0)
201 817 (37.2)

MSSE @ X5 ¥ YREERE T F Y EKE.
MRSE : A5 30 UEEER 7 Py EE.
MSSA | AF Y VESEERE T K KE.
MRSA : AF ) UEHENE T Ry B,
1,948 fRH 1,573 BR (80.7 %) (2 B\ THMRE
2,194 BkE R L7z,

% 3 EEIEHOEHNmER (%)
LVFX  EM GM

EET FOIRE 24.8 28.3 22.2
Y FINT T T b 45.5 34.0 5.8
HET FUIRE 13.0 26.1 13.7

LVFX . L R7oxHTy, EM. 0w 4{ ¥y,
GM ¥ v¥<A4¥v. EMPGMIIHT A=Y
WEHEZ NI b5,

F 4 LERIOFYD OTHHEREOMAMIEE (%)
EM %% GM Bt EM+GM i

EE 7 Pk 57.3 54.0 33.1
SR AVE RPN 63.2 96.8 5.4
PR R ] 34.4 71.9 43.8

LVEX ! UR7oFHi ¥, EM: ) Rux{ v, GM: ¥
vEwA Yy, LVEX T ERALEF LS EM, GM IHiMEdsd
LB hDhol,

22 ED, LTaVARINs 7Y A88.7%, HBT FUE
H7.0%088b%b0THho72 (R2).

B W O W OBARIEE % 3 3 1R T, LVEX
MWRIF, ERTFIEB24.8%, 2V FZNNZ2FYTh
45.5%, BB T FYERE13.0%TH 7245, EM 2 GM iz
S B HHESS b LVEX B8 & AT LS & & b e
o L Lids, LVEXTMEIL T LD EMP GMIZ
T LT TN D B & B S etro 7o (e 4).

m # 7

LT3, WIRFHOMBRETFHRO—RE LT, ff
BT PUR AT RS BN IR R 3 & SRR e a
Tv, B4 OEFNICHET ZMERLFEETALICLTHE
IRMEEZEN IR O RHB RS LVEX L2 0B a
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&, #FETH & ) LVFX SRR L B 4 B AR & 470, [RARissE
TLVEX B 2SB OB 101, M 1 S 0 8
W% & LVFX SRR E O 2 MG R 2T o T . Z7-, 153k
W AF Y YIRS T FYHE (MRSA) % Lo 4 Y
A7 BESRBE N E 51043, BRSMD D 2 HIRIE 2 80
I~2 B2 5 ML, FHH T TR R AT RE 235
BT, BIESELERL, BB EERELTHL
FWEITI LI RBDTVS, ERTERVEBEIIE, Tl
Bb AIRASIEL, BAETFHICEOTYD. S0k S il
DHHHE AR OW LB TFH PRI OV TEHER DD 510
05, METIEAE 10 4 W BT b B & 24 U752 b
EREBRL TR, F, WOMBEWREEEZ, o
72 A BRI A DS TR L 72 B e L 2 1B RIS 72 B
DEBDLNE.

BRICBT BT vt 0% 0 EEORESILE,
Kurokawa & OME L SEOFER % b L ICH 112577,

f//

—o— ! OFLX
—a— | LVFX

357
301
251
20r
15+
10+

5k

HRE (%)

O L 1 I 1 L 1] i J
1995 1996 1997 1998 1999 2000 2001 2002 (4E)

H1 7Zih#0%/0°0RERnsEsnE
OFLX A 7u*¥% 2 v, LVFX . LR 70F% 2, 1995~
1999 413 OFLX B %, 2000~2002 4813 LVFX k5% 5
T. LVEXWERIL 20 %8174 L OFLX BIHR L WK 2o T
WaH, HiEREZEL TS,

1995~1999 4Fid OFLX O, 2000~2002 413 LVEX &
ERCRLCH B, OFLX BHEEIL 1995 40 13.5 %h &
1999 4 7 32.8 % & ARFMYITHEIM L TW722%, 20004 &
LVEX 28 g #e 2 72720102, LVEX TR 20 %862 & 7 o
TWa, OFLX & LVFX OF MBS A EWHICHA—Th 5
2%, LVFX @129 25 OFLX & ) Mk 13, LVFX
DHHEEHIE OFLX o# 25 ThH h, MICH1/2 Th 5 7=
HEEZOLND, LVEXIZOWTIE S EMOBRITH 2 720
CEEIICHEREOREDELIZA S NEH o 12905, KL
THESRAEI L T 2 AR SR, SHES LT3 X
MEHHACRBEL T LERHB L2 5,
LIRICBITARELREOMEROWME & T L7k =
BT B R TN E IR TR 57— 12
T & 2 va%, OFLX HESR I MR < b B4E R L
TR Z LM ENL (5. LVFXIZDowTid, B5IC
£ B M B ) BB O 2 W E I 46 % 92 IR % 1
EL7ZHET, a7 77 —¥BET FYEE (CNS) 28
51.9 %\ &4, 9 b OFLX W 29.3 %, LVFX ittt
F19.5%E 5 HEY DY, EE50 LVFX iR (2000
#F£14.5%, 20014 18.3%, 20024F20.5%) X =N i3z
—FH LT, ‘
GRIOFERIE, EHAERE 2 OBROMBEEERE K
ML, REEONAVPES W BB S92 k2 REE
LTwa. IREBRERRPHEICB T AMEEOFNFIZD
WTH A RRESLETH L & & b2, BYRHEEERD
72O R B L ORI RS M RBROEE S+ B
BTBRNEEEZ SN '

£ 5 BEOWMEEOHR

HiEH Pl G B O OFLX Wt (%)
BERS R GeE 2y V) my & 1989 HET YRR 13.6
1993 £ FEE (2,4721R) RET sk 4.3
B e 1990 BB Lk 3.1
1997 4¢ (2,340 BR) 1994 BB EF 25.7
KEo BIPIEE - R R 1995 RKET Ko EE 25.1
1996 4 B (459 BR)
XEo 65 Ll L s 1996 RE7 FYEE #35
1998 4E (1,000 H)

B (Hk) PR 4T B 1995 mEEEE 13,.5~32.8
2002 4 (1,455 BR) ~ 1999

BHS (45) HERFHT B E 2000 RHEEEE 14.5~20.5%
2004 4 (1,948 iR) ~ 2002

T LR7UFF S Y (LVEX) BfE (%).
IWHEMLTwa LN S AL,
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