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JREFBEREMRE#HNE A ERBIIRIITIE )
AN &

RCKIZ BV B MEEAROH U WIBEHEOBUR SIa#pAE (2010 4 1 A HE)
BESBAFINRI R RE TEH B, IkE T

HLICHKEDTHD,

AW ETIE, FHABIIET 28 L WBREOBIRE . DOELSN S OREPHEE

1. Intracorneal ring segments (ICRS)

M Az % ICRS B & RANIHE L 72D
Colin TH D (2000 4 JCRS. 10 RO HHEAMHIRIC
M), LIk, AP TRELRELEREDTEL,
Siganos Hid. 26 #i 33 IO MH#EMRIRIZ 0.45mm
@ Intacs #%HH L7~ (AJO 2003), UCVA i3 0.13
+0.14 M5 0.39+0.27 (p<0.01) {Zk#E. BSCVA
13 0.47£0.31 5 0.64+0.26 (p<0.01) ZekEL
770
Boxer Wachler 513 50 #| 74 ROEZWMEL /=
(Ophthalmology 2003), L AIZ#EWET A b,
THIEWE ST A2 hEFEAL, BSCVA (LogMAR)
13 0.41+0.48 M5 0.24+0.31 lZekE L 7= (2 BERé
k).
Colin 513 Intacs BHE 2 FOMEEREL. i
1EUBICKRENEZEL TWDS I EZRLE
(Ophthalmology 2001), UCVA & BSCVA 3£
11 63.8% & 62.7% kL 7z, BSCVAO0.5 LA L]
BV 15.6 %0 HilitE 2 £ T 33.3% FTHML /=,
HERELL, MAi—7.05+3.87D M5 —4.03+
3.71D N U7z K 13 ET 50.5D 725 725 DAY,
7 2 /48T 46.5D 12785 7=,
Kwito & Severo {3 47 # 51 BBOMEEAREE~ND
Ferrara ring O EHE L7z (JCRS 2004). iy
HRGBBIZHIM 13 7 H T BSCVA 13 86.4% TiE
L7z, UCVA I3 86.4% T, SE 13—6.08+=5.01D
M5 —4.55+5.71D 12 K fEId 48.76 =3.97D 2
5 43.17£4.79D ~NEA LTz, HOLAZEHE L TWS
BiZ. FTHRHBELEZBOLDARBICESN THo T,
Kymionis %13 15 #1 17 IR D M #EAREIRIC Intacs 2
BHEL. s FoEMMREEZRERL T (AJO
2007), 0.45mm DT A2 & 2 KBHELU Tz, #
Fid. UCVA L 77% T, Waiid 04 AR TH -
T=HOMN, HESETIE 59%M 0.5 LLEIZk->7.
BSCVA X 35% TI3ARZ, 59% Tid 1 ~8 Mok
L7,
Shetty 513 14 I BRO7 27 « A > RAOH#EMAED
#1776 (Amsler-Krumeich 7348 T Stagelll : Mean
refractive spherical equivalent —8.0~10.0D. K
fEi>53D., &NV, AEE>3004m) I Intacs
#BEL. 6 AU ERBEER %7572 (Cornea
2008), Safety index 136 W AR R T 1.35. 14T

1.40 TH O, 2EREL FRNMET Lz db O3 EZ
=77, AENMEIZDWTIE, UCVAO.G UL EZ&ERL 7=
H DL 7 <. Efficacy index (7% UCVA/HT Hif
BSCVANI6 W HT0.32, 14 T0.397Z>7, X
TOETBSCVA X 05 L EERD, OV KL
CAERAREE RSB DL 6 HH T 64.29%, 1
ET6154%THo7=,
Ferrara & Torquetti 1&. 2009 FEIZH /=6 LW 210
—degree arc length @ ICRS DOz WmE L 7~
(JCRS)., 76 #1 80 IRIZHME L. UDVA i3 20/350
M5 20/136 ~tkE, CDVA I 20/125 N5 20/50 ~
oeE, ETERIT —5.22D M5 —2.26D N, K f#EiX
51.49D "5 47.40D IZek#E L 7=,
Torquetti © 13 Ferrara U > 7 OEMKEETREL
(JCRS 2009). 5FEDiEFMEZ WML L7-. UDVA
13 0.15 725 0.31 12, CDVA {3 0.41 725 0.62 1217
EU. K1Eld 48.99D 05 44.45D 12D L. FROeEf
OEMNER I Nz, RiBER PRI E
LT,
BETIE, 1L —ZA%2ER L7 ICRS BHEO
WEDHERNTNS,
F&H5 &, Intacs td Amsler-Krumeich @ Stage
MIEEFTHAKEZSGE T I ENTES, BN
AEDRIFTH D, HETIH FS L—Y—2FHT
BHREENEML TW 5,

2. AKGEEIEANL > X (phakic IOL)

M & AR IC %Y % phakic IOL O#HEIL, 2003 &
IZ Colin (JCRS)*® Leccisotti & Fields (JCRS)
WX OBRIIICHRE INTNWS, {i#& L Intacs & D
BT, %EIL84] 12 BOWwE T, WihbaiEE
NL > Xa@HAL TNV,
Z D%, Budo 57° 2005 412 3 4l 6 BROHLAE & H
L7z (JCRS). Z DO TD Safety index I3 1.49,
Moshirfar 513 AMO #HEMIE X FAEIFEL > X
Verisyse % [8EABED 2 FIIZHBHE L 7=l 2 W L
=, ZORONKEMIDOEDRIIERE K 4 % &5H
INTWB (JCRS 2006),
El-Raggel & Abdel Fattah & (L7 R) 13, 64
SHEDHEABEIEIC AMO Verisyse Z#%AH. 2 4
PRBIR ATV, AHEIRRM o EWMELTVS
(JCRS 2007)



Coskunseven 5, 2%l 3HRIZ Intacs & Staar
HIgERIEN L X Visian ICL #8H L1-fE %
W (AJO 2007),

Kamiya &1%, Staar -8 Visian ICL Z84HE L 721
HEAIEAR 2 1 & #tsE  (JRS 2008),

Alfonso HiX. 16 i 25 iRiZ Staar #E#Y Visian ICL
M LB A @ (JRS 2008),

Venter i% 11 #i 18 AR M4 IEHRIC Ophtec tHH
Artisan PIOL Z A L 72 iliE & 45, UCVA 13 22%
1.0 BLE, 94%7% 0.63 LA, MRSE 1% 61%725+
0.5D LI, 72%7%% BCVA 23 1 BxpLL ok, WE
R RIT 6 » H T 23 cells/mm? & #idy L7,
PUbrElodd, MBI LASIK X° PRK 738
BTHDH I EMD BSCVA 2B IT 78RR F 84 IEHR
(2%t % Phakic TOL #4id bhlnt B4 7> & FEARRY
WZATht, BIER., #%ERE M bT B FHRRHE
DESINTWAEE XD, Artisan LU X1E, &
IR TIIN MR oSN R I8, M
AR KT 2B CHERBO P BRE STV D
HOERVY,

3. A7) ¥ 7 (CXL)

A a2 ) ¥ 713, 2003 A Wollensak &
L VW Te FESEARIRTORENHE S,
VIBBHAE T TO 7 EMTHRAPICRRITEE > TV
o

BAE, MEEANR L LASIK #% Of EILEE O TERIE
LT, 3—uy TR CE~—7%#EL, 72
U4 FDA TixE SHEBERFTH D, £ofh, F—
Z RS VT, bR TR AR aim &R
BROMTHON TS, ZNOORBIIEEET LT
BROHORENR, EPRIEITVTI b BREFREGR
NEEIN TS, CXL #EdZ &ickby, CXL
ERTICEITELS, AR KEICETAR LA TS
DA, CXL#%ixte LARITESK, KEE bizhTn
WRADT 5 E ST,

Coskunseven (h/v =) Sl kiviE, 194 38 RD
MeEAEBE O, LY EERNIC CXL 217V, LV
JEORRZ = ba—)L & U CHEALE T 512 72 H
BREEBELEEZ A, CXL 21T B TIX
MRSE 7% 1.03+£2.22D, cylinder 2% 1.04==1.44D
> L7-, UCVA & BSCVA X ZNEH 0.06£0.05 &,
0.10+0.14 %&EL -, = hu—IR Tk, UCVA
& BSCVA BZhEH 0.08£0.12 & 0.06+0.09 1K
FLMx, AELREIZIR N2 -7 (JRS
2009),

Wittig-Silva & (A—2 b7 U 7) it HEEABE
i 49 4] 66 IR & EEAEX I CXL 21T HBE & {ThRwn
BT 1 EMOBRBIELZ{To7c & 2 A, K'max
X 3mAT 0.74D (P=.004) . 6 2A T 0.92D (P
=.002) .12 7°A T 145D (P=.002) FiH{k L7z,

a2y bu—VRTE, 30°HT0.60D (P=.041, 6
72H T 060D (P=.013) ., 14T128D (P <or
=.0001) | & L7, CXL iT—FIC I3 A2 2 €
LEE3 EME LTS (JRS 2008),
Raiskup-Wolf i, CXL ORH#IkEZ#HE LT
% (JCRS 2008), 241 fR% 6 72H —6 FRIEBIZE L
b2 A, HEEARKIC L DRIFRBITRINO—ET
2.68D, Hi< 2FEHIZIE 2.21D, 34FHIZIT 4.84D
Wb Uiz, BCVAIZ 53% C 1 BRBELL Em L7, 2
RITEAEEZMLEE L, 3 FU ERBEETE
FEFIEIIE < lelho Ty, BERIRGRITELE L TV D
ERERDIT TG
Koller b1, AEZ a2 Y X 7 OAHHEIZ DN
T#HiE L7z (JCRS 2009). 99 #1117 iR% 6 22 H 7
L1IEBRULEFER, SN 2BEMU KT LED
1% 20.9%., CXL % & M A B OET N R b1
(failure rate) 1L 7.6% CH o7z, #Hn 35 LA L L
#raiio> BSCVA 78 0.8 LY RWihoid, AEICEHE
FEN Lo T, BEMEABRAR D 7.6%12, AR RE
D HEED 2.8% IR bilz, KED 58.0D LATD
D[R D & failure rate 13 3.0% 72 - 7=,
Fiebbh, CXL ORWERET, Filit 36 mELT,
BSCVA 0.8 LATFC, KfEA 68.0DLTFOHEDENS
LB, A R Y X TRHE LTV D
B LT, 46 35 UL T, AREYTAIK
57D LLF, BSCVAO.8 AT & &LTn5
ABOHE L LTI, 2 < DEFICIEEN A THIEE
HIRBPELDZ ENMEINTNER, BRRITH
BIBEENRTWD, 7, CXL % OMEBYE
(Perez-Santonja et al UCRS 2009, Pollhammer
& Cursiefen JCRS 2009, Rama et al JCRS 2009,
Iseli Cornea 2008) o~ X AMAES (Kymionis
et al JCRS 2007) #EFH AR (Augunawela et al
JCRS 2009, Koller et al UCRS 2009) b I
TWb,
W4 T1E, Topography-guided PRK & CXL OfifH
#iE (Kymionis et al JRS 2009, Kanellopoulos,
JRS 2009) . ICRS & CXL ot %L (Kamburoglu
& Eltan JRS 2008, Coskunseven et al JCRS
2009) 72 EBRMEINTWD,
I, BISHEARE LT, CXL O RBYYE~D R
(Micelli Ferrari et al Eur J Ophthalmol 2009,
Moren et al Cornea 2010, Iseli et al Cornea

2008 ) . KAhEtE A EE ~ oA (Hayes&
La,,a-Lorger JRS 2009, Wollensak et al

Ophthalmic Res 2009, Kueger et al JRS 2008) b
HrFshTnd

4. Conductive keratoplasty (CK)

MeEABEIRIC LT CK Z2@RT 5 &5 R A,
ZHETAlo b & Lyra bizk @GS TW5,
Alio B3, H#EMARE - ABRILRED 3 IRICK LTE
£ 3~5mm CCKEIT\, B R %18 7- (ICRS



2005),

Lyra HiE. 21 41 25 RO M SEARBIRICR LT, B
B U T 4~ 5mm OMJE EIZ8~16 2FTd CK
PP, BET 18 ZARRBEBIE L (JCRS
2005) ., CK #8 ARy MTo/—7TlX
BSCVA X 20/100 736 20/40 ~i&#., 16 AR > b
D F N—T Tk 20/200 225 20/60 ~BE LT,
MRSE %, 8 ARy b TCIXMAT—17.70 D+/-5.20 7»
SHFL 18 0 A T—6.82+/-4.41D ~EA L., 16 AR
o N CIHTRT—11.33+/-6.70 > H 1% 18 W A T—
8.38+/-5.12 D \Zib Lz, v &7 b Ly XDEH
WRTEpctE L,

2010 4 1 HHIE, MEEAB~D CK & U Chn Uit
ENTWADITER2HE, REIZHITSH CK &
CXL OHtRRIEDH TH D,

5. Conductive keratoplasty(CK)& A7 v 2 Y
¥ 7 (CXL) OPFRREE

HIES THE SN TS O, TRO1HOATH
Do

Cornea. 2009 Dec 16. [Epub ahead of print]
Conductive Keratoplasty Followed by Collagen
Cross-Linking With Riboflavin-UV-A in Patients
With Keratoconus. Kymionis GD, Kontadakis GA,
Naoumidi TL, Kazakos DC, Giapitzakis I,
Pallikaris IG.

Department of Ophthalmology, Vardinoyannion
Eye Institute of Crete, University of Crete, Crete,
Greece.

PURPOSE:: To evaluate the combined effect of
conductive keratoplasty (CK) followed by corneal
collagen cross-linking (CXL) in 2 patients with
keratoconus. METHODS:: CK spots were applied
on the flatter side of the cornea followed by CXL
using riboflavin and UV-A light. RESULTS"
Immediately after CK, a significant corneal
topographic improvement was observed. The CK
effect regressed 3 months postoperatively and
remained unchanged until the sixth postoperative
month in both patients. CONCLUSION: Corneal
remodeling with CK in patients with keratoconus
seems to have a temporary effect despite the
subsequent application of CXL.
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1. Intracorneal ring segments (ICRS)
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NS E, IBECIIAEERZLITER S Nan
S, ERWEE (KREME 1. e 2. £565
THAW 3, A 4) 13 BEHTIXEHE % E
UT 2.0~32 THoDIZRL T, FEEIX 1.5
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5/7.5 M 2 iR &, M#EARIR Tld Toric 8% <. 1E
IR T Artiflex Y& 0o 7=,
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5. Topography-guided conductive keratoplasty
(TGCR) & Ay o XY 3 > 7 (CXL)DHFH
Wik

mELT 127U =y 7T, 2008 £LD IRB @
ERZST,. TGCK & CXL OftmgEiEZRRBL
TWwb, VDR8> RIRERAEEZRA VW
OXL 2721213, BRI L BN Mo ae R &
ZB <7212 400pm OAREENHE L IN TN
5. BfEIX, CXL O TGCK #2175 Z &tk
DABEENNET D E2EEBL. ARDEA
WEFORBZEH S TCABRRETROEAN
TGCK Rz 450pm LA L& BIEFNCE > TIT O L
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TGCK & CXL OffR#EIEIL. 2009 ERETICH
gt 11 BBIZhElT S Nz, T D5 BHED ERGE &6
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P<0.001, Mann-Whitney rank sum test), 1E%
HCABERERNEORY) (AifE/t4m) 13 KC R
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B L UEKHEINZE (spherical aberration) DK &
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BRIz H -7,
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Factors Affecting Visual Function After
implantation of Artisan Phakic Intraocular
Lens for High Myopia

Takefumi Yamaguchi, MD; Kazuno Negishi, MD; Naoko Kato, MD; Hiroyuki Arai, MD;

Ikuko Toda, MD; Kazuo Tsubota, MD

ABSTRACT ‘

PURPOSE: To evaluate the factors affec’ting postopera-
tive visual function in eyes Wlth Amsan phaklc intraocu-

lar lenses (PIOLs).

METHODS: This étudy ex‘ami‘ne‘d a ‘retros‘;pective non-
comparative case series. Phakic 10ls were implanted
in 60 eyes of 36 patients with hish myopia. Contrast

sensitivity for spatial frequenciesof 1.1, 1.7, 26,472,

6.6, and 10.4 cycles per degree with and without glare
and wavefront aberrations were measured before and 3

months after surgery. The area under the log contrast
sensitivity function (AULCSE) was _calculated from the
contrast sensitivity. Stepwise regressnon analysxs was
used to assess the factors that affected the postopera—"

tive AULCSF

RES{IL'{S, No srgnmcant dtfference was noted be-,‘
tween the preoperative AULCSE without glare and the
postoperative AULCSE without glare (P 886). The‘_

mean AULCSE with glare improved ssgmfcantly after
surgery (P= .018). The vanables affecting the postop-

erative AULCSE without glare were axial Iength (par
tial regression coefficient B= 0,101, P=.0002) and

age (B= -0.008, P-0063). The variables affect

ing the postoperative AULCSE with glare were axial
fength (B=-0.127, P~.0001) and age (B-- 0012,
P=.0294). The preoperatwe refraction showed mult-
collinearity with the axal length, and coma-like aber
ration and spherical aberratlon showed muftlcellmeanty; .

wnth age.

CONCLUSIGNS‘ Longer axtal ength

predispose patients to degradation of the postapera-
tive visual function In eyes wnth PIOLs [
2008 xx xxx o] ‘
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efractive corneal surgery for myopia using the excimer
laser has shown good results!® and has become the
most common procedure used to correct myopia.* How-
ever, in these procedures, the correctable power is limited by
the patient’s corneal thickness. In addition, the visual function
degrades as the attempted corrective power increases® because
higher order aberrations increase with the corrected power.58
Recently, improved ablation profiles using wavefront-guided
technology have enabled correction without great increases
in higher order aberrations, theoretically improving retinal
image quality and consequently ameliorating postoperative
visual function.'® However, increases of higher order aber-
rations still occur, especially in cases of high myopia correc-
tionll()—lz

Phakic intraocular lens (PIOL) implantation has been re-
ported to have good results,'*% especially in the correction of
high myopia in patients who are not candidates for refractive
corneal surgery using an excimer laser. Surgical correction
of myopia with Artisan PIOLs (Ophtec BV, Groningen, The
Netherlands; Verysyse, AMO, Santa Ana, Calif} has been re-
ported to cause less postoperative higher order aberrations,?!
better visual function,?? and higher patient satisfaction??
compared with correction by LASIK; however, the factors af-
fecting the postoperative visual function in eyes with PIOLs
have not been reported.

In the current study, we investigated the factors affecting
the postoperative visual function in eyes with PIOLs to cor-
rect high myopia.
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PATIENTS AND METHODS

Sixty eyes of 36 patients (16 men, 20 women) who
underwent implantation of Artisan PIOLs (Ophtec BV)
for high myopia at Minamiaoyama Eye Clinic were
included in this study. Patient age ranged from 22
to 57 years (mean: 36.5%7.9 years) and preoperative
refraction was —6.75 to —23.75 diopters (D) (mean:
~12.52%+3.10 D). The preoperative pupil diameter in a
dim room was 6.4+0.82 mm measured by ARK10000
(NIDEK, Aichi, Japan). The inclusion criteria were
minimum age of 20 years; anterior chamber depth of
=3.0 mm; endothelial cell count of =2000 cells/mm?
and best spectacle-corrected visual acuity (BSCVA)
of 20/20 or better. Patients were excluded if they had
keratoconus examined by videokeratography; a history
of uveitis, diabetic retinopathy, or glaucoma; or patho-
logical myopic macular degeneration. Signed informed
consent describing the risk and benefits of the proce-
dure was obtained from each patient before surgery.

The logarithm of minimum angle of resolution (log-
MAR) uncorrected visual acuity (UCVA), BSCVA,
contrast sensitivity function, and ocular wavefront
aberrations were evaluated before and 3 months after
implantation of Artisan PIOLs.

Contrast sensitivity was measured at six spatial fre-
quencies of 1.1, 1.7, 2.6, 4.2, 6.6, and 10.4 cycles per de-
gree {cpd) with and without glare under photopic condi-
tions using CGT1000 (Takagi Seiko Co, Nagano, Japan)
with best-corrected lenses. The area under the log con-
trast sensitivity function (AULGSF) was calculated from
the data. The AULCSF was determined according to the
method of Applegate et al.?® The log of the contrast sen-
sitivity was plotted as a function of the log spatial fre-
quency and the third-order polynomials were fit to the
data. The fitted function was integrated between 0.041
(corresponding to 1.1 cpd) and 1.02 (10.4 cpd), and the
resultant value was defined as the AULCSF.#

The wavefront aberration was measured by
ARK10000 with natural pupillary dilation in a dim
room without instillation of cycloplegic agents. The
coefficients of Zernike polynomials were determined
up to the sixth order for 4-mm pupil diameter from
the wavefront data. The pupil diameters during mea-
surements were >4 mm in all patients. The root-mean-
square (RMS) of the total higher order aberrations from
the third- to sixth-order Zernike coefficients was calcu-
lated. The RMS of the third-order coefficients was used
to represent coma-like aberrations (S3) and the RMS of
the fourth-order coefficients was used to denote spheri-
cal-like aberration (S4). The axial length was measured
using A-scan ultrasound (US1800, NIDEK). Endothe-
lial cell count was measured by noncontact specular
microscopy, SP-9000 (Konan, Hyogo, Japan).

SURGICAL PROCEDURES

Laser iridotomy was performed at the 1 or 11 o’clock
positions on the peripheral iris 2 weeks before surgery.
Pupils were constricted by instillation of 1% pilocar-
pine before surgery, and a corneoscleral tunnel of 5.0
or 6.0 mm was made at the 12-o’clock position under
topical and subconjunctival anesthesia. The anterior
chamber was filled with a high-viscosity viscoelastic
material (Viscot). The PIOL was introduced into the
anterior chamber, rotated inside the eye, fixed with
the iris, and enclavated in the claw of the PIOL. The
viscoelastic material was removed and the wound was
closed with 10-0 nylon sutures. All surgeries were per-
formed by two experienced surgeon (K.T., H.A.) using
the corneoscleral incision.

Artisan PIOLs with an optical zone of 6 mm (model
204) were implanted in 54 eyes and Artisan PIOLs with
an optical zone of 5 mm (model 206) were implanted in
6 eyes. The lens power was determined for emmetropia
according to the power calculation using the Van Der
Heijde formula.

DATA ANALYSIS

Statistical analysis of the higher order aberrations
and the AULCSF was performed by a paired Student
t test for comparison of the pre- and postoperative
means. A Pvalue <.05 was considered statistically sig-
nificant. Stepwise regression analysis was performed
to investigate the relation between the postoperative
AULCSF and age, sex, preoperative refraction, preop-
erative keratometric power (the average of the steepest
and flattest meridians, ARK1000), axial length, and
postoperative S3 and S4. All statistical analyses were
performed with StatView (SAS Institute Inc, Cary, NC)
computer software.

RESULTS

The pre- and postoperative clinical data are shown
in Table 1. No severe complications developed during
or after surgery in any eyes. Mean spherical equivalent
refraction 3 months after surgery was —0.17+0.67 D
(range: —1.75 to +1.50 D), and 53 (88.3%) of 60 eyes
were within 1.00 D of the intended correction 3 months
postoperatively. The mean BSCVA improved signifi-
cantly 3 months after surgery (P=.0002). The safety
index (postoperative BSCVA/preoperative BSCVA]
and efficacy index (postoperative UCVA/preoperative
BSCVA) were 1.18 and 0.91, respectively. The means
of the total higher order aberrations, 83, and S4 signifi-
cantly increased 3 months after surgery (P=.017, P=.01,
and P=.01, respectively). No significant difference was
noted between the preoperative AULCSF without glare
and the postoperative AULCSF without glare (P=.886).
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