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[ Abstract] Background phacoemulsification combined with limbal relaxing incision ( LRI) is reported to
be effective for the management of coexisting cataract astigmatism, but the influence of after phacoemulsification with
LRI on corneal high-order aberration is still rarely reported. ~ Objective This study was to evaluate the effect of
cataract surgery with LRI for preoperative astigmatism or on corneal high-order aberration. = Methods A self-
controlled serial cases observational study was designed. A total of 35 cataractous eyes of 35 patients with astigmatism =
1.0 D before cataract surgery were enrolled in Tianjin Medical University Eye Hospital from August 2014 to April
2015 under the informed consent of patients. LRIs were performed on the eyes during the phacoemulsification and IOL
implantation. The uncorrected visual acuity (UCVA) ,BCVA and optometry were recorded before operation and 1 day,
1 week,l month,3 months after operation. Pentacam was employed to measure the maximal and minimal diopters,
astigmatism and high-order aberrations within 3 mm of the anterior corneal surface at above-mentioned time points. All
the results were compared among different time points. The optometry outcomes and the anterior corneal surface
astigmatism change were analyzed using vector analysis method.  Results The UCVA was 0.34+0.22,0.38+
0.25,0.43+0.27,0.42+0.28 in | day,l week,l month and 3 months after operation, which was significantly higher
than 0. 08+0. 09 before operation;and the BCVA was 0.54+0.27,0.64+0.29,0.67+0.29,0.71+0.32 in 1 day,
1 week,1 month and 3 months after operation, showing a significant increase in comparison with 0.22+0. 51 before

operation( F'=54.457,P=0.000; F =62.653,P =0.000). The refractive cylindrical error and corneal astigmatism
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were significantly decreased after operation in comparison with before operation( F=31.061,P=0.000;F=113.043,

P=0.000). High order aberrations (HOA) at postoperative 1 day,1 week,1 month,3 months were all higher than

those in preoperation ( F=11.189,P =0.000) under the 4 mm pupil diameter. Compared with preoperation, the

vertical coma,secondary vertical coma and three leaf clover were significantly increased (all at P<0.05), but the

horizontal coma and primary spherical aberration were not significantly changed (all at P>0.05) under the 6 mm

pupil diameter. Conclusions

Phacoemulsification combined with LRI can reduce the corneal astigmatism

effectively and steadily,and the increase of corneal aberrations does not affect visual acuity.

[ Key words] Cataract/surgery; Cataract/complication
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(3), Horh MR SFRORE S AUERIREE, C ARHH
P ARG A RO (A Bl e AR A R BRI
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1.3 Siteors:

SKHI SPSS 17.0 e it 2= ¥4 (€ & IBM 24 w] ) i
PRI 9 B A BF 5o SR R U R 4
Kolmogorov-Smirnov # 5 £ IE A1, UL x+s Kono F
MF ARG A B XIS, BIRARR ARG 1d,
UJE LA AR 3 A H AR B 45 2R | A BRIy 3% 1 5 R
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e/ 61 Zernike Z3BOHN A B i O 45 22 1) LA
72 5 HOBCHY SR T A D 38 7 22 0 B, A () I (8] 1) 9 79
PIELBER ] LSD-1 K. P<0.05 22 FAGEiT4 1 Lo
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2.1 FARHETFAI UCVA Fl BCVA ) Ll

ARHTRASE 1d LT AH 3 A4 AR UCVA
4354 0. 08 0. 09 0. 34+0. 22 0. 38£0. 25 0. 4320. 27
F10.42+0.28,BCVA 43524 0.22+0. 51 0. 54+0. 27 ,
0.6420.29 .0.670.29 F1 0.71£0.32, & &% R §i KA
JE AR R S UCVA J2 BCVA [, 22 R ¥ A Gi it 2%
BN (F=54.457,P=0.000; F =62.653,P=0.000),
BE ARG A A B[] 55 UCVA J BCVA #5 R i W] & £2
L EF A G E (Y P=0.000) , K5 1 4/
UCVA J2 BCVA 5ARJG 3 M I E R LRI
X (P=0.284.0.082),
2.2 FRATE BB R B EEE R

SRR AR J5 25 I [ 5 09 BRB J3 AR B T S ROk 55
R IBEARF B RN, 25 YA SR L (F=
30.265,P=0.000; F=31.061,P=0.000;F =36. 380,
P=0.000;F=27.161,P=0.000) , A& J5 4% B [&] £ J,fE
AR AT S ) A (E L (B 25 R gt 2 B L (F=1.399,
P=0.254)(F 1),

®1 BEARURABETENESEREAELE RILR (xx5,D)

R2 BEFARUBAFREEIABREINRE
K1 K2 R ERLER (xx5,D)

fif i %14 K1 K2 HOR M N Jis

AR 35 4441:1.59  46.17:1.94  1.760.67  -0.19£0.82  0.12£0.42
ARi1d 35 44912161 45.02+1.68"  0.30£0.55" -0.010.22 -0.03:0.23
KE1H 35 4476:1.62" 45.06£1.73  0.41:0.37"  -0.01£0.19  -0.1020.17"
AELIAA 35 44 T42162" 45 11l 7Y 0.45£0.28°  0.00£0.21  -0.1020.14"
A3 35 A TIEL 64 45.07:1.72° 0.46:0.29"  0.02:0.20  -0.0720.17"
F 36.497 73.347 113.043 2.249 6. 436

P 0.000 0.000 0.000 0.138 0.007

Wt i WA HE HEH SE b Lis

A 35 -9.29£9.71  -2.08+1.43  -10.53%9.73  -0.85:0.84  0.02:0.43
AT 35 -145:1.84" -0.37£0.51"  -1.69:1.86" -0.02:0.27" -0.08<0.15
A 1R 35 -1.30£1.76"  -0.46£0.45"  -1.59:1.77" -0.02:0.24" -0.07x0.20
AR LAA 35 -1.45:1.58"  -0.6410.64" -1.83£1.54" -0.0620.36" -0.09x0.26
AR3IMA 35 -1.29£1.60" -0.72£0.64" -1.69:1.65"  0.00£0.33" -0.10x0.34
F 30.265 31.061 36. 380 27.161 1.399

P 0.000 0.000 0.000 0.000 0.254

54 H AR A H B, P<0.01," P<0. 05 (8 42 Il 5t 5 [H 3K 22
OyH7,LSD-¢ %) SE: S RCEK B ; I, A T 90° 5 180° il 1 /Y
Jackson 28 SUAEBE (JCC REBE) )45 : A2 T 45° 55 135° 4l [ fr) JCC AEBE

2.3 FORHETG IR AR BT R KL K2 BOBME MR
M

SRR J5 AN [R] B[] 6 K2 R 500 1 8 AR i ) b D
W ERAEGEE X(F=73.347,P=0.000; F =
113.043,P=0.000) ; F& HR AR J5 A [a] I 8] 550 K1 B8R Hif
Bom, =R A5t E L (F=36.497,P=0.000) , &
MRS J, 284k, TR G b 22 R g it % & X
(F=2.249 ,P=0.138) , R 1 8.1 ANH K3 4MH I,
EARH R, 22 7B A Gt L (P =0.004.,0. 005,
0.014) (£ 2),

W 54 B EARAE H A, P<0.01," P<0. 05 (&2 Il 5t B K %y 22
Iy M, LSD-t K4 ) K1 /NG J3 5 K2 e K G g 5, - 48 25 T 7E 90°
B 180l [ f) Jackson 58 SUHEBE (JCC AEBE ) 5 Jus « AH 2 T7E 45° 5 135°
a1 g JCC M B

2.4 FORATIE AR A S & PR 2 1 b A

SBIRTE 4 mm AL EH A AR AARE 1d1 .
AN R 3 AN JT AR B8 & B 18 22 19 39 J5 AR A (root
mean square, RMS ) 43 5l 25 0.324 +0.227, 0. 693 *
0.347 .0.525+0.303 0. 486 +0. 549 F1 0.430+0. 332,
MR Z A FE L (F=11.189,P=0.000),
Hep ARG 1 d 1 LA A3 A H R B 52
RMS 2 AR Fir W B 3, 2R WAHERITH¥E XL (P=
0. 000 .0.000.0.024 .0.000); Rj5 1 d 5K 1 f&.
LASH A3 A H B IR s B8 22 RMS 3Kk, 2 7
PIE G2 L (P=0.002.0.023.0.000) ; KJ5 1 J&
S5 2 RUSIERTARE 3 AMH , ZRA5%1T
HENX(P=0.014) AARE 1 HEARE 1A H ZE L
FARE1ANAS5RE 3 ANHZ0 I, 25851t
22 Y (P=0.555.0.326),
2.5 GRHRAANE =B & Zernike IR EHY AL

SRR AE X 7 ) =545 2% (X-Trefoil ,Z," 7K =0
B HOARIE AR A A AR R 2, ERAR
HISAI R, 22 7 WA geit 2% & L (P =0.002,0.020,
0.002) fHAJS 3 4~ H M BEaT 2 E 2, {55 A § 4
ERIGIFE X (P=0.381) s RJE 3 A M BT %
Wz ARG 1 dEHE TR, 23 H5EE X
(P=0.015), MBIRAJE 1 FMBE R 2, BAF.
RIgG1TAAM3 A HEB SR, ARG 1 dfEExR
W2y BARJE 1A H A3 A H BN, 2R %
% X (P=0.034.0.012.0. 016 ,0. 034 .0.048) ,
IRARJG 1d 1A AHR3AA MR Z, R ST
ARHT, 2 5 ¥4 g2 it 2% & L (P =0.000.0.000.0. 000,
0.046) s R J5 1 d HII & FARE 3 AAME, HARE 1A
EH¥HE &S TFARE LAAM3 AAE, 255
X (P=0.021.0.025.0.006) (£ 3),

SRR A SR 2 10T S 8 T R AR B K O 25 R
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LR TG L (F=0.556,P=0.575;F=2.884,
P=0.101;F=2.301,P=0.105) ($3).

ARJG 1 d F BT B 22T ARAT, RS 1A
JI F I e T I G 2% | TR, B R A S E X
(P=0.015.0.034) AR J5 1 J&.14~H .3 4~ H B IR B
MIRMEEEEGAE 1 d I, 2R YAGITFEX
(P=0.047.0.001.,0.004) ;R J5 1.d.1 J§.3 4 HEGIRMA
I 5 R Th T BE 2 ORI R, ER A G E X
(P=0.000.0.002.0.044) , RJ51+~H 3 MHEARFd

AL RAR G 1A H 3 AH5ARJE 1 e 8 IR A AR
JE AR 2E TR, 2R A S L (P=0.001,
0.000.0.010.0.005) , ARJ5 1 d HHR A R0 H 25
TARAEAE VA AAAM3I DA, ZRYAGI R
Y (P=0.000.0.016 0. 000.0.000) (£ 3) .

Xt Y J7 i ARG 25 (Y-Trefoil 2,7 {4} =050
HEAT FAEE, TR0 5 AS [ B (1) e R8O AR A RS 3R 18 s 3%
T 2, R RS F B L (F=1.788,P=
0.200;F=0.356,P=0.660;F=1.109,P=0.349) (¥ 3).,

x3 RAE=MEH1EZES Zernike T R # (x5, pm)

X Jy ] =R % K 22

I 8] R %

IR T J 2T pug iy 2 1 Jii 2T pEp i
A B 35 -0.006=0. 287 0. 044+0. 123 0. 053+0. 308 —0. 041=0. 270 0.0170. 057 -0.020£0. 274
RIE1d 35 -0.473+0. 652° -0.350=0. 512" -0.769+0. 797 0.042+0. 371 0.0520. 633 0. 17420. 560
ARJg 1 35 -0.458+0. 569" -0.320£0. 430! —0.7520. 655 0.066+0. 518 0.122+0. 137 0. 184+0. 538
AR 141AH 35 -0.299+0. 805* 0. 038+0. 163 -0.325+0. 881" 0. 038+0. 570 0.029+0. 077 0.0920. 570
RiE3 A 35 -0.344+0. 595°¢ -0.022+0. 173 -0.376=0. 643" -0.055+0. 244 0.049+0. 071 0.001=0. 288
F 6. 146 5.152 10. 509 0. 556 2.884 2.301
P 0.001 0. 020 0. 000 0.575 0. 101 0. 105

T Y Jr i) = 4G 2

I} i) AR %k

iR T JEARMm plic) GRSy} JEERM pug g
ARHi 35 0. 182+0. 368 0. 051+0. 099 0.271+0. 448 -0. 153+0. 249 -0.009+0. 101 -0.162+0. 277
P NERE! 35 -0.034+0. 489" -0.0910. 353" ~0.06120. 722*"  -0.575+0.713 -0.070+0. 645 -0.628+1.133
ARG 1JH 35 0. 138+0. 727°¢ -0.10620. 196° 0. 062+0. 730 -0.511=0. 667 -0.010=0. 323 -0.520=0. 878
RE14AA 35 0.318+0. 635" 0. 004 £0. 096" 0. 307 0. 640 -0.572+0. 768 0.013+0. 129 -0. 55420. 735"
ARG 34™AH 35 0. 159+0. 315 —0.00220. 114" 0.167=0. 351 -0.378+0. 285 -0.0140. 134 -0.430+0. 437
F 3. 641 16. 558 9. 176 1.788 0. 356 1. 109
P 0. 044 0. 000 0. 001 0. 200 0. 660 0.349

P 5 45 R AT LR, " P<0. 01, P<0. 055 54 FIRJR | d 1L, P<0.05: 545 FUAJR | (I 4, P<0.05: 5% fRJG | 4 A 1Ak, "P<
005 545 [ AJR 3 4~ e, 'P<0. 05 (T W) B 5 A % )5 2% 447 LSD-+ Ktk

2.6 GRHRAAEDU Y 45 Zernike TR E19 A2 1k

SRR T AR TS A 7] B [ 6 £ B i 2% 18 S 3R i
PR X i PUAAR 22 (2,°) I 2 R B RS0
Y (F=0.513,P=0.647; F =0.934, P =0.397; F =
0.172,P=0.855) ; F AR A Jo & AR A1 B5E {2 1 | J5 2% 1
B i X IR BAZ L (2,°) 22 R G % &
Y (F=0.658,P=0.529; F=1.585,P =0.233; F =
0.696,P=0.494) ; F AR5 £ MR A BEHT 2R 5 3R 1H
BB R0 Gk 22 (2,°) 45 ik i s ) He A, 25 R4 G
Giit & X (F=0.299,P=0.877; F=0.172, P =
0.832;F=0.516,P=0.724) , 4, FARE G HHR A
S 2 S R T M A R Y O T R AR (2,7
R G2 L (F=2.459,P=0.056;F=0.728,
P=0.424;F=2.409,P=0.106) ; ffi I 5 2 1fi . J5 £ I
B R0 Y 7 [ DUARR 22 (2, ") 2 R G245
Y (F=1.546,P=0.205; F =2.152,P =0.146; F =

2.953,P=0.059) (£ 4),
2.7 BRI 45 Zernike TR KM A2 1k

TR G AR AR R T SR LS R AR A X
Jr AR 22 (Z57) (X 7 1 =80 B B 4R 22 (Z57) .
Y Jr i B SR 25 (Z7) LY Dy i AR 2 (Zs7)
T £y S TG 28 1T R JBE B A0 UK GOK O B 25 (Z50) [,
ZRHIEIFE L (¥ P>0.05), BRAE1dMA
G KR FKFEEH2Z(Z ) 5ARE 1 4AH .34 H
Pdg , ARG 1 A IS 2 0E K GOK S 25 (2,1 H oA
FEIAMHI3AHWE, ZER¥ERIT¥EX(P=
0.023.0.029.0. 013 .0. 032) ; £ 5 [if 22 1@ F£f B
MRFE 2 (L) ZRY LGB L (F=
0.498,P=0.570;F=1.392,P=0.270) ,{H ff il J5 %
2, ARJg L d SRH RS 1A I AARM3AHE
WL ERMAE G X (P=0.002.0.015.0.000,
0.001)(#5).
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®4 ABENMEHNEES Zernike TR H (xs, pm)

X 75 Il A5 2 Xy 1) 4 AR i LES: S~

fif [l M

i & EE ps8ii) s i % 16 J§ %1 B Wi % G psSii
A i 35 -0.004£0.213  -0.047£0.048 -0.06720.163  0.008%0.174  -0.046£0.034 -0.0390.167  0.343£0.283  -0.110£0.048  0.3440.309
A 1d 35 -0.096£0.502  0.043x0.417 -0.086%0.576 -0.013%0.194  -0.077£0.182 -0.071£0.293  0.366%0.229  -0.129£0.196  0.3530. 361
AE1H 35 -0.021£0.460  0.029£0.223  0.0010.484  0.058+0.234  -0.039£0.072  0.021£0.239  0.333£0.244  -0.111£0.073  0.332+0.278
AE1AA 35 0.0022£0.321  -0.055£0.090° -0.042£0.312  0.034£0.262  -0.044£0.063  -0.007£0.245  0.380£0.223  -0.109£0.065  0.384x0.234
AE3AMA 35 0.054x0.336  -0.039+0.079° -0.002+0.396  0.007£0.226  -0.0120.047* -0.010£0.231  0.480+0.195  -0.106+0.078  0.475:0.237
F 0.513 0.934 0.172 0.658 1.585 0.696 0.299 0.172 0.516
P 0. 647 0.397 0.855 0.529 0.233 0.494 0.877 0.832 0.724

Y Jy 1k g Y Ji i 5 4 2%
I 1] 1314
BRI R higii) E] Gl peyiil

AR 35 -0.002+0. 178 -0.014£0. 034 -0.030£0. 197 -0.0080. 162 0.0010. 066 0.0120. 174
A 1d 35 0.029:0. 221 0.0280. 118 0.0760. 299 0. 1580. 468 -0.2190. 290" -0.3280. 548
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