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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, ¢, 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
PTF 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
(PSFy5(x)) and reconstructed PSF (PSFy..(x)) using the
following equation:

T
> IPSFoi(x) — PSFrec ()|
S1=1-22

; (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 PSF, positive(x)
x=0
§2 = T ’
ZPSFpositive(x) - ZPSFnegative(x)

x==(} x=0

(25)

where PSFpositive(x) and PSFpegaiive(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* + 1.0x* 4+ 0.55x +
1.15x + 0.8. The reconstructed PSF is similar to the original
PSF in the example in Fig. 8. The similarity value estimated
by S! 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* 4 0.85x% + 0.1x2 +
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) = 0.1x* + 0.1x% 4+ 0.1x? 4 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
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Fig. 8. Results of the phase retrieval. PSF of wavefront
g() = 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.
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Fig. 9. Results 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.
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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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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. Qur results agree with previously published studies.

{Atarashii Ganka (Journal of the Eye) 22(1) : 97~100, 2005)
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W ER € > & —) T PNER AR R i g e %
BLUEABERRRE T o7 1~97H% T TD 1,948 il
1,948 MR (B4 68651, Zih 1,262 81, FHIEM 70 %) #3f
REL7

R B B 2R S B 1) 2 BARINE, LVFX B REEs %
R, S SITHRHEEOEV LA 3 BiEIC B 5 LVFX it
Be~iz, 7, ToOMORRECHT HEEE» 272
B, )2V (EM), ¥¥¥<4 vy (GM) &0
BT o7, FFFIC 1995~1999 4£1251F 2 L o> OFLX
TR & e L 77,

FIRPH R R T6, TG 2 EREcEB L, Bk
743 ML 7%, MEEXEHS X U MacConkey
FREWZ HCOBEEEE T, MELRE L. RE
BREIfTo Tk, DWT, S S 7 MBI USRI
ZUAB AT, BAREHILEE (minimum inhibitory
concentration | MIC) #3k® 72, LVFX, EM, GM %
WPEDOIEEE, RET FORE, 2VANrFYo A, #E
TFYERESEMICOWT, MICHAZh2N8 ug/ml, 8
ug/ml, 4 pg/mi Y EZFEMEE L7

0§ 2

M B OFBUT 1,948 BRA 1,573 BRICHB VT 2,194 BT D
D, RENEPEREERGEERIL 80.7% Th o 72, FEIENEREE M
FL, RHUEO S b LVFX B 084 2 E0123% 1107
9. 2000~2002 40 LVFX it th B 3R 13 2000 48 C 14.5
%, 20014ET18.3%, 20024ET 20.5% & BRI
T/ b Do, HEHEMEEZRRD LRI -7

BHEONRTE, BT FYEEN43.1 %L &R0

® 1 RERNEEESBMEELLR7O5Y Y2 (LVEX) TR

2000 20014 20024 £k pi
FEBIE (A) 642 639 667 1,948
iR (B) 435 521 617 1,573
HRME (%) (B/A) 67.8  81.5  92.5 80.7
BB (C©) 683 736 775 2,194
iR (D) 99 135 159 393

THEW#RNE (%) (D/C) 145 18.3 20,5  17.9 >0.05

LVFX it PRt 3 AR AR A0 T80 L T 78, BB R
KHBZE Do/ (p>0.05),
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% 2 HBUEBEONR @42, 194 1)

BHHE Bl (%)

KT PR 945 (43.1)

MSSE 928

MASE 17
TYFNTFY L 191 (8.7)
BHET PR 153 (7.0)

MSSA 131

MRSA 22
ISERE 88 (4.0)
Zofl 817 (37.2)

MSSE © A5 2 v EEMEE T Pk,
MRSE : 2 F ¥ VEHERRE 7 o 3.
MSSA | A5 ) VIEREEES T Y IRE.
MRSA © 2 F ) VEMEEE T Ko IRE.
1,948 B+ 1,573 IR (80.7 %) 2B\ CikkEr
2,194 BR A L7z,

® 3 =EIWEOFHAMIEE (%)
LVFX EM GM

RE7 P RE 24.8 28.3 22.2
YNNI TFUY A 45.5 34.0 5.8
W7 Pk 13.0 26.1 13.7

LVEX ' L R7uad4d v, EM: Zyxu<q v,
GM ! 7y~ 4 . EM%GM I+ ATMHEL
WS W Edshbhb.

£ 4 LARITOFHY UMEROMIFIEE (%)
EM B GM %% EM+GM fiftE

®E 7 Pk 57.3 54.0 33.1
IR FUT L 63.2 96.8 5.4
W7 Py 34.4 71.9 43.8

LVFX ! VAR7asHv Y, EM. n)yxuavw4 ¥y, GM %
w4 Ty, LVEX #2631 S EM, GM KNS
BLERL Lo

FHEED, UWTaUANIFUTL8.7%, BT FYE
W7.0%088b2b0Thorz (£2).

B RIMEOWH OFEAFHELEIIRT. LVFX
WX, BETF7HB24.8%, 2) k25715
45.5%, BET FUEE13.0%TH o725, EM S GM 2
A9 B EE D LVFX i & M R Z v 2k 5h e
ofz. L L%PS, LVEXFHEEAL LS EM % GM 12
SLUTOMMEDDH B EIERE 2hol: (),

m % Y

LR TR, MEFHOMBERETFHHEO—BE LT,
AT PIBR AT P AS ISP R 28 & SRR S e R B
e A8 % DEGNC B L HEEABERT 5 X I2LTwa,
IRAEREE B U OB E L RIE 2 LVEX IR0 B 412
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