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(HE] BHH WHEXEHTHR 2 TR (MIOL) #AR G A5 BT i, OF 5 R N T
KK (SIOL) AR BEATIE . ik RSN ik, A A 2016 4 8 J] 2 2017 4 8 J 7RI K245 —
B ) = B At 12 B 1 P R AR 3 108 ] 141 R, AR AL A Y TOL 430y MIOL 4 55 {41 76 IR SIOL 28 53 {4 65 R,
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JEEASCOT At AR R Xk L B 5 5 T 56 [ ( MITOL ABL A AR Ji5 A 15 i 8] 25 3 ) WU AR LR 2 A4 21 28 3% WL 56 o 4 R AT 1L
B, R ORJE 24 MIOL 44 IR b LS4+ SIOL 41, 22 R A G il 27 L () P<0.05) . RJF 2 4EF
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MIOL £ 7E 5.10,15,20,25 Fil 30 c/d 75 i) 74 ) MTF {E A5/ 7 SIOL 41, {H 25 S LG it 22 X (3 P>
0.05) . 2441 3.6.12 Fl 18 ¢/d =3 [AM R (4 P AU BETE WAL (RS L XA VB IOE RS T 2 R RS i
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STOL £ 53 f s vh 1 i W AL 58 THRRERR L o5 1. 89% , 25 R 412 7 X (X* =0.76,P=0.382) , MIOL 417£
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Comparison of medium and long term visual quality between regional refractive multifocal intraocular lens
implantation and unifocal intraocular lens implantation
Shan Yuqin' ,Zheng Guangying' |Li Li' ,Lu Wenlong’
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[ Abstract] Objective To observe the clinical effect of medium and long term visual quality after regional
refractive multifocal intraocular lens ( MIOL) implantation and compared with that of single focal intraocular lens
(SMOL) implantation. Methods A cohort study was conducted with 108 patients (141 eyes) who had undergone
MIOL and SIOL implantation in First Affiliated Hospital of Zhengzhou University from August 2016 to August 2017.
According to the implanted 10L,the patients were divided into the MIOL group (55 patients 76 eyes) and the SIOL
group (53 patients 65 eyes). At 2 years after operation, the parameters of uncorrected far, intermediate and near
vision,as well as corrected distant vision were assessed ;the spherical equivalen was checked ;the defocus curve of the
operation eye was drawn;the high order aberrations ( HOAs) , Strehl ratio and modulation transfer function ( MTF)
were measured by i-Trace visual quality analyzer;contrast sensitivity of eyes was evaluated by a CSV-1000 contrast
sensitivity instrument; visual quality between the two groups was compared by using the Chinese version of the

American questionnaire on quality of Life after MIOL. This study was approved by the Ethics Committee of the First
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Affiliated Hospital of Zhengzhou University. Written informed consent was obtained from each patient prior to any

medical examination. Results The uncorrected intermediate and near visual acuity in the MIOL group was better
than that in the SIOL group,with statistically significant difference ( both at P<0.05). Two years after operation, the
average defocus curve showed that there were two peaks at 0.0 D and =3.0 D in the MIOL group,and formed a wide
platform between 0.0 and —=3.0 D, and the downward trend was gentle. Under the pupil diameter of 5 mm, HOAs,
coma,trefoil and secondary astigmatism in the MIOL group were higher than those in the SIOL group (all at P<
0. 05) . Strehl ratio in the MIOL group was significantly lower than that in the SIOL group, with statistically significant
difference (P<0.05). Under the pupil diameter of 5 mm,MTF values of spatial frequencies of 5,10,15,20,25 and
30 ¢/d in the MIOL group were slightly lower than those in the SIOL group, without statistically significant differences
(all at P>0.05). There was no significant difference in contrast sensitivity (3,6,12 and 18 ¢/d) between the two
groups under photopic or mesopic conditions and with or without glare (all at P>0.05). The proportion of glasses
removed in the MIOL group was 98. 18% ,which was significantly higher than that in the SIOL group (52.83% ) by
questionnaire (X*=30.37,P<0.01). The incidence of visual interference symptoms, such as glare and halo was
7.27% (4/55) in the MIOL group and 1.89% (1/53) in the SIOL group, respectively, with no statistically
significant difference (X*=0.76,P=0.382). The satisfaction scores of vision at near distance vision, medium distance
vision and overall visual acuity in the MIOL group were higher than that in the SIOL group, with statistically significant

differences (all at P <0.05).

implantation can provide better and more stable mediate and near vision,a better contrast sensitivity, a lower incidence

Conclusions  Compared with SIOL implantation, regional refraction MIOL
of optical interference and a higher postoperative satisfaction.

[ Key words] intraocular; Wavefront aberration;

Multifocal intraocular lenses; Lens implantation,

Modulation transfer function; Contrast sensitivity
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F 9 B A 7L A 3 AL L R AR (intraocular
lens , TOL) #5 A JE H AR T 1A B9 A 2007 . 448

B= BE MRRH L2 19 1 P9 B S8 108 {1 141 R, MR A S A
iy TOL 43>y MIOL £ 55 {31 76 iR F1l SIOL 41 53 f4] 65 iR,

P N T SR A (single focal intraocular lens, SIOL)
ARy R SR R AR A ) AH R G 2R X
HH R AT A AR E 2 AE . 2L R R
( multifocal intraocular lens, MIOL ) 3 1+ Il 2% X )6 £k
AR AT S0 B AT S8 7 A 22 A R R, TR G e A
JiH o B MIOL A 47 7 55 70 407 51 80 B4 5% — 107 51
WA, 3 FRMA 0L 3 S0 I 22 42 50k
X R A R T A BT A [, 2 RE 4Rk R 4 i 4 R R
Jio JLARRSE T T B MIOL % A Ji5 L5 J5 B 1) 41 1
B2 AHAR R B A A 0E B WE SR . AR RN
DI AT 5 A MIOL &5 STIOL A A AR J5 AR R 1 #L 5E Jot it

AR (1) A T B P B2 40 3450 =2 000 4~/ mm” ;
(2) M BEEOEZ < 1.0 D (3) IR A< 21 ~ 24 mmy;
(4)MIOL 40 A Hj Alpha ffi <0.5, Kappa ff§ <0.5;
(5)SEM 2 EREVT, AR5 D T 58 & o AR BR A 1
() A PR AR S5 (2) 45 I At BR 58 95 9 S 52 il R
BRI A B RGVERN . AT SR K= — [ E
BEBEfe # 2 A M (18 5 :2019-KY-410) , fir A
BEWITAT 2 B A R 2. RAT 2 48 E M
B AR R Bl I B A RO AR T P B A M
Py IR RN TR O R A, 2 R BTG E X
(¥ P>0.05)(#%1),

PEAT L B, O
IR I TOL Y 2 £

x1 FHABERWAOELKBERLR

Table 1 Comparison of demography between two groups before operation

s Y 3l 1 AR K IRHOE WA i) IR & T B Je Ot
A5 " (B4, (mean=SD, (mean=SD, (mean=SD, (mean=SD, (mean=SD, (mean=SD, (mean£SD,
1 ﬁ *;\I‘I—ﬁ ﬁi£ ) )" mm)” D)* A/mm’)" logMAR)I' mmHg) b D)I'
N MIOL 41 55/76 23/32 58.33+8.88  23.01x0.61 0.37£0.30 2746.07+111.14 0.73+0.39 16.35«£1.72  -0.22+0.08
1.1 —%&EE
SIOL 41 53/65 18/35 61.04£9.08 22.96+0.62  0.37£0.23 2709.81x144.62 0.67+0.27  15.81£2.25 -0.24+0.10
\\/
FH ly\ﬁu Eﬂ: X /0l 0.710 -1.570 0.520 -0. 630 1.320 1.570 1.890 1. 360
RH I, WA pp 0. 400 0.120 0. 605 0.529 0.190 0.118 0. 061 0.176
2016 4 8 H = T (acX® KB ;b MSLFEA K23 ) (1 mmHg=0. 133 kPa)  MIOL: Z & & A TR 4 5 SIOL : 245 5\ T &tk 14

Note : ( a:x? test; b: Independent sample ¢ test) (1 mmHg= 0. 133 kPa)

2017 4 8 A £ A
PUPNE 2 PR

MIOL : multifocal intraocular lens; SIOL: single focal

intraocular lens
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1.2.1 Ruiksdr R E bR bR kx50 07 Rk A
SR IR A T 5 R A BB PN B2 A AR A (SP-
3000P, H 4 TOPCON 73 w] ) i %50ff1 M6 N Bz 48 i 5 % 1]
i-Trace #4% Jf & 43 1 /X ( 3% [ Tracey Technologies 2
v ) AT A B I A I 5 >R A TOLMaster ({8 [ ZEISS 24
A ) AR R B AR R it 3 B TOL Ja D' B 5 R JH 4B
ST 2 55% ( H A TOPCON 24w ) A6 A MR Fif 59 1% 0 5 97 [k
Ja R BRI (YZID, 95 JH 7 7S 0 58 BH Ry A
RS\ ) A6 A MRS &0 5 R L CT-80A MR &4t ( H A&
TOPCON 2w ) il & BR o R ] SRK-T 24 K 115 10L
FEH, I -0.5~0.0D,

1.2.2 FARFE FTARZHF O F S50 B
Jiti o SRk R S8 A s DR % IR A R % T BRI, B
BEAH M, T A0 R il 26 BE I Al A 29 3 mm (19 3% W A
G U) 10, 76 A2 02 W AR RS Al Bh VD B AT B IR
Wi, HARZY 5. 0~5.5 mm, K 43 B )5 4 A AL AL IR Y
R, VA R G R ok A iR i B o, 5 2 RS 4 O
MIOL £ 4 A MIOL ( Lentis Mplus LS-313 MF30, fif 2%
Oculentis 23 /] ) , B 62 w0 R J7 A3 B % X 38 e 7%
2R W & T J7; SIOL 44§ A SIOL ( Akreos MI60, 3 [
AMO 75 d))  HEF 486 TOL A5 A #4359, 9748 IOL T )%
ML o - R A T b S RS N R, A
Fr ik KRS

1.2.3 W%dEs (DM FARE2M.OA4H .2
AEBTAE WIS 1R, 2R T I B s o Xof 30 R g 3R A
FEE AR 5 m B AR R A8 W g, R H R o X 5 A
Tk A AR 80 em [ B BRHR WL Iy, 2R FH b o X
BRI T2 B ARIE 40 om BRI 1. (2) %%
MEREERr A F RM 8000 35564 ( H A8 TOPCON 24
A ) 500, 10 S AFRIOR BT BE R, 45 G K O G A i A
Brieimdl . (3) st ARG 2 Fnf A
AR S AR IEAL ) TR 2 B AR IR B in+2.0~-4.0D
(MaIF% 0.5 D) BREEJERE M, el il &k, rf
4k B DL LogMAR

75 R (root mean square, RMS) %7~ , ] i-Trace 6. 1 Z {4
eI L AR S mm I B9 AN 55 B AR A 4 TR R B R 2
(higher-order aberrations, HOAs) . Strehl [t {8 M 7 il /&
3 PR 2L ( modulation transfer function, MTF ) ] £, M
MTF £ E453] 5.10,15.20.25 1 30 c/d (19 =5 [A] 4
RMTFH . ()X HBURE  diF—25F 5 iRt
Ui CSV-1000 Xof H i B ASCRS: A5 52 7 A IR 7 d5 (9 1E
AR R 3.6.12 F1 18 ¢/ d 23 [l 45 3R A1) % He AURR
PLoe IR IO Btk A7 o0 Ao (6) A= 1 Jot £ [ 455 9] A%
ARG 2 4R I 26 B (MIOL i AR J5 A= 17 5 2 8 A %)
DU R b 55 A WF 58 AH 5C 1Y 1R e 1 1) 3 3 B PEAR (A
JI1E BV A T AURE AR, O X R AR A 1 o
SEIH AT AT o
1.3 Sil20rik

K SPSS 22. 0 et bk Ar ge it ab . g
TR LLRBORT 23 B 7 s 1 BT EEZE Shapiro-Wilk
K , ANFFAIES A, DL M(Q,,Q5) Fn o R
or 24 5L R TP K P BF 58 B3, MIOL 415 SIOL 41
() AR ) AR 2 A B 5 A RE T I E AR ] K L
BORFIX K552 AL AR S H 5 B % 2 MTF
A3 T TRy 25 5t B 3R ] Mann-Whitney U £ 55
P<0.05 JZEFA G E L,

2 #R

2.1 RJG 2 & ARG F1 S5 50K 56 B b A

MIOL 20 AR MR B AR o 35 L 7 48 T SIOL 4, 2% &
BYil25 L (Z=1596.00.352.50, P<0.01) ;2 4
HARMRBRNR A 7 e IR ) A Bk B A 2% S
YRG5 L (¥ P>0.05) (£ 2),
2.2 RJE 2 FAHARMR B A 22 Lt i

MIOL 41 A HR 43 % F 0.0 D Fl—=3.0 D 4b i #i i
fi,H70.0~-3.0 D B TE ¥ &, T EEH 5%,
SIOL ZHAXAE 0.0 D 4b it B {E , f5 2 W] W F B 3%
(E 1),

My 34T 5 Hre
(4) B A5 22 W
E X H i-Trace
L 5T A 43 BT AR
(£ Tracey 7%
A ) 0
Wi 22, A
3
BREFH) 1T, LAY

£2 RE2HF2ANARRNAA (LogMAR) REHIKFREILR[M(Q,,0,) ]
Table 2 Comparison of visual acuity (LogMAR) and equivalent spherical lens
between two groups 2 years after operation [ M(Q,,0,) ]

415 R¥ BEREHS BRER L Ty BRER Ty W IR L) AFRCRBIE (D)
MIOL#4 76 0.22(0.10,0.30)  0.30(0.20,0.40) 0.10(0.00,0.10)  0.10(0.00,0.22) -0.44(-0.75,-0.16)
SIOL 41 65 0.22(0.16,0.30)  0.40(0.30,0.40)  0.30(0.20,0.40)  0.10(0.05,0.22) -0.38(-0.75, 0.00)
Z 8 2 141. 000 1 596. 000 352.500 2 106. 000 2 104. 500

P {f 0. 162 <0.01 <0.01 0.122 0.126

MIOL: £ £l s AT iR 14 s STIOL - £ RN T el 14

MIOL : multifocal intraocular lens;SIOL:single focal intraocular lens

T (PR K 7 2240 Hr , Mann-Whitney U #5565 )
Note : (one-way ANOVA , Mann-Whitney U test)
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Figure 1 Average defocus curve 2 years after operation between

two groups MIOL: multifocal intraocular lens; SIOL: single focal

intraocular lens  +:hyperopia diopter;—:myopia diopter

2.3 KRG 2 FEFHARM 522 AL

5mm fEfL H 4T, MIOL 40 4 R & HOAs £ 25 |
SR TR HOBE Y & T SIOL 41, 2 R YA it
(¥ P<0.01) ;2 MAHARIRERZE LE, 22 7 L5
He (222 283,500, P>0.05) (£ 3) .
2.4 ARG 2 FHAARMR Strehl FAE

Smm fEfLEHBE T, MIOL 24 Strehl [L {8 /N T SIOL
M, EZRARIFE X (Z=1237.50,P<0.01) (£ 3),

2.5 R 2 L4 AR MTF {4 H
5mm fEFLEH AT ,MIOL 417 5.10.15.20.25 FI
30 e/d 75 [ 4 28 ) MTF {EF /T SIOL 41, {H 2= % 3
TG E L (¥ P>0.05) (£ 4),
2.6 ARJ5 2 FA AR UK i
TEW A B A B RAET 3.6,12 1
18 ¢/d 25 [ 4 % 2 A4 AR R X Bb ffJ R Fh g, 22 7 1
TG4 L (¥ P>0.05) (£ 5,6)
2.7 ARJG 2 452 B3 B S Ao T P sE AR b A
MIOL ZH AR J5 55 1 .45 v 54 45, i 98. 18%,
SIOL 4 53 {5 & % w28 {4l [ %% , 5 52. 83% , MIOL 4
i % 0 T SIOL 41, Z R HEiT ¥ B (X =
30.37,P<0.01) ; MIOL 2 55 il 53w 4 #] H B IZ O .
TG S T HUAEAR , & 7. 27% ,SIOL 44 53 {4 i 35 v
16 0 B THERE IR, 5 1. 89% , 2 R S it & X
(X*=0.76,P=0.382),
2.8 RJG 2 445 2H B8 A A T T o R A IR 4 bl A
MIOL £ 3t i 55 | v % B 55 00 9 B A #L g 1) s
BEISE T SIOL 4, 25 ¥ H G ¥ E L (¥ P<
0.01) (£ 7).

®3 SmmEALERET 2MNHESMEER Strehl LLELLE(M(Q,,0,) ]

Table 3 Comparison of higher order aberrations and Strehl ratio under 5 mm pupil diameter between two groups [M(Q,,0,) |

21 51 AR %k & HOAs(pum) BR2E (pm) w22 (pm) ZME(pm) ZHHOE(pm) Strehl H{H
MIOL 4 76 0.612 -0.022 0.362 0. 398 0.135 0.016
(0.594,0.684)  (-0.042,-0.003)  (0.319,0.438) (0.350,0. 488) (0.098,0. 158) (0.011,0.031)
SIOL 41 65 0. 469 -0.024 0.138 0. 289 0. 089 0.034
(0.316,0.573)  (=0.040, 0.013)  (0.083,0.175) (0.184,0.367) (0.059,0.139) (0.235,0.029)
Z A 4270. 000 2283.500 4 888. 000 3721.500 3.270. 000 1237.500
P <0.01 0. 440 <0.01 <0.01 <0.01 <0.01

TE: (A F 7 223 B, Mann-Whitney U #:35)  HOAs: 5 B4 22 ; MIOL: 2 £ 55 N T RPIRAA 5 STOL - 84 50 A T it bR A48
Note: (one-way ANOVA ,Mann-Whitney U test) HOAs:higher-order aberrations; MIOL: multifocal intraocular lens; SIOL:single focal intraocular lens

x4 SmmEFLEET 2 MEHERZEHZE MTF ELLLEKIM(Q,.0,) ]
Table 4 Comparison of MTF values of each spatial frequency between under 5 mm pupil diameter [M(Q,,0,) ]

AT 2 ) 45 % f MTF i

215 AR %5
5¢/d 10 ¢/d 15 ¢/d 20 ¢/d 25 ¢/d 30 ¢/d
MIOL 21 76 0. 475 0.213 0. 126 0.078 0. 061 0. 053
(0.372,0. 545) (0.163,0. 288) (0.070,0. 154) (0. 056,0. 135) (0.041,0.112) (0.037,0.069)
SIOL £ 65 0. 503 0.242 0. 128 0. 092 0.072 0. 062
(0.265,0. 636) (0. 165,0. 329) (0. 085,0. 158) (0. 066,0. 125) (0.054,0.119) (0.041,0.107)
Z1E 2332. 000 2 428. 000 2352. 000 2255. 000 2 066. 500 2 086. 000
Pl 0. 568 0. 862 0. 625 0.374 0. 095 0.112

s (BRI 3R J5 22 43 BT, Mann-Whitney U #:3)  MTF . 3 il % 2 06 % ; MIOL : 2245 £ A T S AR 4 5 STOLL : B 5N T i R 44

Note : (one-way ANOVA ,Mann-Whitney U test) MTF ; modulation transfer function ; MIOL ; multifocal intraocular lens; SIOL;single focal intraocular lens
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x5 WAARTKES(85 cd/m*) TAFKARS FARATEMET LB BELE[M(Q,,0,) ]
Table 5 Contrast sensitivity of different dazzle light and frequencies in photopic condition (85 cd/m’) between two groups [ M( 0,,0,)]

OGRS TN AN [ 25 (] 490 4 f) 3 L SURR e W R 2 TR AN [ 2 Ji) 351 4 B 0o LG SRR R

CICTIIN 3
3¢/d 6 ¢/d 12 c/d 18 c/d 3¢/d 6 ¢/d 12 ¢/d 18 c/d
MIOL 41 76 1.61 1.61 1.61 1. 61 1. 61 1.61 1.61 1.39
(1.61,1.79)  (1.61,1.79)  (1.61,1.79)  (1.39,1.75)  (1.39,1.79)  (1.61,1.79)  (1.61,1.95)  (1.39,1.79)
SIOL 4] 65 1.61 1.79 1.79 1.61 1.61 1.79 1.79 1.61
(1.39,1.79)  (1.61,1.79)  (1.39,1.79)  (1.39,1.79)  (1.61,1.79)  (1.61,1.87)  (1.61,1.95)  (1.39,1.79)
Z A 2 416. 000 2 229. 000 2 184. 000 2 170. 000 2205. 000 2370. 000 2 338. 500 2210. 500
Pt 0.812 0. 290 0.220 0. 198 0.242 0. 664 0.575 0. 264

1 (FLHFR 7 2290 M, Mann-Whitney U #:3%)  MIOL: 2 £ x5 A T eiR 4 5 STOL : B£8R i AT iR A4

Note : (one-way ANOVA ,Mann-Whitney U test) MIOL: multifocal intraocular lens; SIOL:single focal intraocular lens

®6 WMAABIREGcd/m®) FABRKERS TR ERRHMLHBELRIMQ,.0,) ]

Table 6 Contrast sensitivity of different dazzle light and frequencies in mesopic condition (3 cd/m*) between two groups [ M( 0,,0,)]

W2 SEIR S TR AN [ 25 ] 430 < 1) X0 L A S 3 TE M DR TR AN [ 25 [l 51 3 ) % b i

2151 AR %5
3e/d 6 ¢/d 12 ¢/d 18 ¢/d 3¢/d 6c/d 12 ¢/d 18 ¢/d
MIOL 41 76 1.61 1.61 1.61 1.61 1.61 1.61 1.61 1.61
(1.39,1.75)  (1.61,1.79)  (1.61,1.79)  (1.39,1.61)  (1.39,1.61)  (1.61,1.79)  (1.61,1.79)  (1.39,1.61)
SIOL 41 65 1.61 1.79 1.79 1.61 1.61 1.79 1.79 1.61
(1.39,1.79)  (1.61,1.79)  (1.39,1.87)  (1.39,1.79)  (1.39,1.79)  (1.61,1.95)  (1.39,1.95)  (1.39,1.79)
Z Al 2338. 500 2 230. 000 2 220. 000 2 236. 000 2.066. 500 2 153. 500 2226. 500 2237.500
P 0. 564 0.294 0.286 0.317 0.079 0.176 0.303 0.323

TE: (L 3 7 2243 Hr , Mann-Whitney U #:5%)  MIOL: 2 £ 55 A T RCIR A 5 STOL - 548 5 T iR A

Note : (one-way ANOVA ,Mann-Whitney U test) MIOL:multifocal intraocular lens;SIOL: single focal intraocular lens

RT RE2HF 210 HRAERNEHEETSIHERIM(Q,,0,)]

Table 7 Comparison of satisfaction scores of questionnaire 2 years after operation between two groups( M(0,,0,) ]

2157 Bi% = AR B I1 V45 ER SIS PEREWUYITS TR RENEN IDAR
MIOL 4 55 2(2,3) 2(2,3) 8(6,8) 7(6,8) 8(7,8) 7(6,8)
SIOL 4 53 3(2,3) 2(2,3) 4(3,4) 4(3,4) 8(7,8) 6(5,6)

7 ft 1 403. 000 1223.500 2 855. 500 2 836. 500 1 485. 000 2422. 000
P 0. 699 0.078 <0.01 <0.01 0.851 <0.01

(B 2 5 248 B, Mann-Whitney U #355)  MIOL: Z 45 s A T g R {4 ; SIOL : Bk ff A T S AR 14
Note: (one-way ANOVA ,Mann-Whitney U test) MIOL: multifocal intraocular lens;SIOL:single focal intraocular lens

3 it

Fifi & N BT AR R B B #5425 A1 TOL il 4 41 4t
KTEMU i, BEXNAANETF AR T TEZ M.
645 SIOL FE A JG A7 16— 5E B R J1 (BN REW 2 A
TR A 38 F0 TAE TG oK o WF5E & B, MIOL 1] i {It A% 4y
B8 A 7, H AT BN He SRR B R AIG 2O R A
AR RBE AT MF30 SRR R,
HIT T R AR X FR B 8, I B +3.0 D (2940 24 T HE 42
AR +2.5 D), J5 2R 1H AR Bk F Bk 22 %0t , 5
RTINS R D (L T%) o %I B FER B

BL I 0 7 % T A5 R R b i 2 Sl 8 R 45 AR R
B G 1 Sz P 4 1 X L R

ARFFEEE R BoR 2 DRI R E i ) 2% 5
Gi it 7 5L, T MIOL 2 #RHR v 34 ) W] 24 T SIOL
21, LW MIOL 20 76 AN 451 355 R i 75 00 T 4R 7
PR ST T HE W T o AR ST & B AR 5
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