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[ Abstract] Objective To compare the one-year postoperative visual quality after trifocal intraocular lens
(IOL) implantation and monofocal IOL implantation. =~ Methods A cohort study was conducted. Forty-one eyes
from 41 age-related cataract patients who underwent phacoemulsification extraction combined with I0L implantation in
Nanjing Drum Tower Hospital from May 2017 to June 2018 were enrolled. The patients were divided into trifocal I0L
group (20 eyes) receiving ZEISS AT LISA tri 839MP trifocal IOL implantation and monofocal IOL group (21 eyes)
receiving ZEISS 603P monofocal 10L implantation according to their willingness. One year after surgery, uncorrected

distant visual acuity ( UCDVA ), uncorrected intermediate visual acuity ( UCIVA) , uncorrected near visual acuity
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(UCNVA) ,best corrected distance visual acuity (BCDVA) ,distance corrected intermediate visual acuity ( DCIVA)
and distance corrected near visual acuity (DCNVA) were detected in both groups. The patient point spread function
(PSF) ,modulation transfer function (MTF) cutoff frequency, Strehl ratio (SR) ,0QAS I values at 100% ,20% , and
9% contrast (OV 100% ,0V 20% ,0V 9% ) and objective scattering index ( OSI) were measured by OQAS 1II.
Wavefront aberrations including total aberration (TA) ,total high order aberrations (tHOAs) , spherical aberration,
coma, trefoil aberration, total low order aberrations (tLOAs) ,defocus,and astigmatism were evaluated with the iTrace
visual function analyzer. All aberrations were represented by root mean square. The visual acuity of operative eyes was
measured with a phoropter, and defocus curves were drawn with visual acuity better than 0.5 LogMAR. The incidence
of posterior capsular opacification (PCO) in the IOL region was quantitatively analyzed by Sellman method. Visual
function was scored by visual function index ( VF-14). This study adhered to the Declaration of Helsinki. The study
protocol was approved by an Ethics Committee of Nanjing Drum Tower Hospital, The Affiliated Hospital of Nanjing
University Medical School ( No.2018-219-01). Written informed consent was obtained from each subject prior to any
medical examination. Results One year after the operation, UCIVA,UCNVA ,DCIVA ,,and DCNVA of trifocal IOL
group were significantly better than those of monofocal I0L group,and the differences were statistically significant (all
at P<0.001). OQAS 1II visual quality indicators showed that the MTF cutoff frequency, SR, OV 100% , and OSI
values of trifocal IOL group were significantly higher than those of monofocal IOL group, showing statistically
significant differences (all at P<0.001). No significant difference in wavefront aberrations was found between the two
groups (all at P>0.05). Defocus curve showed that the LogMAR visual acuity of patients at =1.0 D,-1.5 D,
-2.0D,-2.5D,-3.0D,and -3.5 D (namely,1 m,66 cm,50 ¢cm,40 cm,33 c¢m,and 29 ¢cm) in monofocal I0L
group were significantly better than those in trifocal IOL group (all at P<0. 05). There was a higher incidence of PCO
in trifocal IOL group than monofocal IOL group,with a statistically significant difference (X*=41.0,P<0.001). The
VF-14 score of trifocal IOL group was 87.99+1. 09, which was significantly higher than 81. 49+1. 67 of monofocal IOL
group (£=10.301,P<0.001). Conclusions One year after trifocal IOL implantation, the full range of vision,
subjective and objective visual quality of eyes are better than eyes implanted with monofocal 10L.

[Key words] Cataract; Surgery; Lenses, intraocular, trifocal; Lenses, intraocular, monofocal; Visual
quality
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HEBE BE 4G 22 5% 23 o A AL ME (it 35 - 2018-219-01) ,
I R A E A R A

F1 2HNEABEERFELER

Table 1 Comparison of demography between two groups

. P 5 %ﬁ%“ UIjVA" BgVA"
51 B W B/ &, (s, (x#s, (xs,
n/n) %)  LogMAR)  LogMAR)
FLgE A IOL 4] 21721 11710 632 0.830.01 0.68+0.02
=44 I0L 41 20020 11/ 9 624 0.81£0.02 0.66+0.0l
X2/t {t 0. 028 0.808  1.879 1.973
Pl 0. 868 0.424  0.068 0. 056

T (aX® KB b b Sm BEA ¢ K30 )
SN AR (0) W N TE /NN

Note : (a;)(2 test; b: Independent sample ¢ test)

UDVA: #RIR ¥ J1 s BCVA : f f

UDVA ; uncorrected
distance visual acuity; BCVA: best corrected visual acuity; IOL: intraocular

lens

0 5 ARt A B 30 G D R B AR Barrent 22 HAY
IOL JH 56 s 5% Hl B ALE A { (AL-4000, H A& Tomey 2%
Al ) WLEE AR 5 5 JE 245 5 R Al OCULYZER 1T ( WaveLight,
K Aleon 23 H)) 47 #f 3 I P A6 A, I € A R HIOE |
4 L E 5 53 A8 5 R 1 Goldman T 7 LFE 31 ( 3
[E Keeler 2\ ) ) ] 4 HR & ; 5% A Optical Quality Analysis
System Il (OQAS 1) (PHHLA Visiometrics 2 &] ) £ il
ARHR S 3B 2K 2 ( point scatter function, PSF) | I il 1%
% PR %X ( modulation transfer function, MTF) # 11 $7 % |
Wris 2K LE 28 (strehl ratio, SR) S X e B 3331 Oy 100% |
20% 9%} 1) OQAS T {H (OV100% ,0V20% .0V9% ) .
W EY ST 38 2 ( objective scattering index, OSI) ; 3% A
iTrace f I fig 73 #7 4L ( TRACEY , 3£ [E Tracey /A A] ) i
fli AR R TR 22, A0 45 42 MR B4R 22 (total aberrations,
TA) | B 5 B4 22 (total high order aberrations,tHOAs) |
MR HoE = R4
2% BB & 2% (total

x2 2NHABEAR OQAS I MEFREIEIRILE (x£5)
Table 2 Comparison of preoperative OQAS II visual quality indexes between two groups (x=s) low order aberrations,
415 B MTF #k 9% SR 0V 100% OV 20% 0V 9% 0sl tLOAs) | & £ FHOE 1%
Mg 0L Yl 21 35.2851.49  0.179£0.013 0.99£0.08 0.65£0.05 0.47£0.05 1.42¢0.00 2= 16 M 3 77 # ( root
ZHEST0L 4] 20 35.13+£1.53  0.187+0.007 0.98+0.04 0.64+0.05 0.49+0.05 1.43+0.07 mean square, RMS ) %
1l -0.221 1.715 -0.253 -0.322 1.131 0.232 7, K A RS S N & D
Pl 0.828 0.104 0. 803 0.751 0.273 0.819 30 min, i fL H & >

e (B S REAR ¢ K
OST: % WL BUF 48 50 TOL: A L fh R 4

Note : ( Independent sample ¢ test)

1.2 Hi:

1.2.1 RypHEdE RIEFfTHIR M 5 (uncorrected
distance visual acuity, UDVA) | 5 1 % IE #L 71 ( best
corrected visual acuity, BCVA) | 5 = [ fL K /DK 2 5 R
FHZEBRIT 3482 ( H A% Topeon 23 H]) Al VOLK 90D Hif
A A TR AR IS SR AT CV-3000 &5 45 5 % X
( HZR Topcon 2% w] ) %00t ; >R F A B8 75 4 ( AL-4000,
H A Tomey /3 #] ) Jt I0LMaster 500 ( i [E Zeiss 2\ #) )

OQAS - 22 WAL 5 i k73 1 8 8 s MTE - 98 i) 4% 32 R 5505 SR 37 45 UK L A5 OV BRCR 30 15

0QAS: Optical Quality Analysis System; MTF: modulation transfer function;
SR ; Strehl ratio; OV ; OQAS value ; OSI: objective scattering index;10OL;intraocular lens

5.0 mm, F| FIHLAS B 4F
BAECRUAS 3. 1) 4 3
i fL B 72 5.0 mm [
RMS fF 5 >R HI £ JBE Y
0 M 71X (ST. 3000P, H 4% Topcon 23 &) ) Ml 7 £f
PN 7 20 i %% B (endothelial cell density , ECD)

1.2.2 FARITE 2 AHARRFTEASFL B A R
IS TOL REAK, i 7] — 2 2856 5w 1 BE I 58 1
ARHFER A E 7 H R e i% R ( H A Santen 24 7] ) 55
MR 4 ¥R, 2R TR R B AT < PR HR K ( H 4% Santen 24 ] )
AR AT AT SRR I o A2 Tl B 00 0 R B o i 32 1)
F, i b A TE A2 W] 5 R A (L AR 1 A8 A B Tk

®3 2NARBAREEZE RMS ELL & (xxs5,D)

Table 3 Comparison of preoperative RMS aberrations between two groups (xzs,D)

4157 AR £k TA tLOAs Bt ot tHOAs a3 Bk =BG
S IOL 4] 21 1.660£0.005 1.34320.019 1.78420.016 0.858+0.006 0.272+0.004 0.049+0.005 0.093+0.003 0.085%0. 002
SHEAIOL 4] 20 1.657£0.004 1.339+0.005 1.781x0.007 0.861+0.005 0.271£0.003 0.047£0.003 0.096x0.002 0.087+0.003
{8 -1.477 -0. 821 -0. 639 0.786 -0. 120 -1.330 1.657 1.543
P 0.157 0.422 0.531 0. 442 0. 906 0. 200 0.115 0. 140

T (ST REAS ¢ K 5G)
Note : ( Independent sample ¢ test)

I0L ;intraocular lens

RMS: #5755 TA : 2 HRUEAR 2% 5 tLOAs . BRI 5 22 s tHOAs : i Bir 1222 5 10L: AT R 1

RMS : root mean square; TA : total aberrations; tLOAs: total low order aberrations; tHOAs: total high order aberrations;
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Al) L EZINE 5.5 mm i 8 R L AR U ER TR I Y A
AR, AN TOL, W BR 266 5950 , T8 AP 35 7 T
([E Aleon 24 7)) JE LT B, KB VI H o %A % R
FERANIRFT CLEAIE Aleon 28 7)) mARHR , AR B BE 5
1.2.3 RJFAH AR5 H M Z AR AT IR
(HARZS KM 54 BR2A A ) TR ik Je Fa T i IR i (35
IR a2 w) ) SRR, 3 B 4 0K 52 J5 FE ik - fie i fR
2 A1 7 R KA IR SO IR BT 1 Ik, 2 )R
SO R 25 IR (B A T A i 25 pk X k) AR
R, HEH 4K, EDAEELY,

1.2.4 ARJFHED; TARE VFERWES S m IR T
P 2 ¥ 7 Cuncorrected distance visual acuity, UCDVA) |
80 cm #fHR b 1 25 ¥ J1 (uncorrected intermediate visual
acuity, UCIVA) .40 cm # R T #E B 4 /7 (uncorrected
near visual acuity, UCNVA) | & £ % 1F £ #8 JJ ( best
corrected distance visual acuity, BCDVA) &l J15F1E
By H BE B #1 S (distance corrected intermediate visual
acuity, DCIVA) [ #L J7 85 1E T B9 3z BE 25 L ) ( distance
corrected near visual acuity, DCNVA) KJ5 OQAS I #i
B AR bR TR 2E ECD ., R 455 56 00 AR I AR
MR AS T[] 9 5 96 Bl A R g, LA T 0.5 LogMAR
gl e Ml 2 18 . g AL
P RZE 6 mm DL E AT
e P, L Sellman
AL B AR IR T0L X B

1.3 Stk

K SPSS 20. 0 it 2 Ak AT 4 0 . T i
VR4 W R I E 2 R IE S, Loxvxs R, 4
Levene Ky 35 iE 55 7 22 5% o 2 AL IE) #5365 45 22 7 LR
FHARSEFEAS ¢ K35 o THEO0OR DU ECR B 73 8RR
2 AL 22 5 LR XY K 5 B Fisher B Y14 % 1%
P<0.05 A ZEFAHGIFE L,

2 #R

2.1 2AAARIBAREM I

ARJG 14, =4 45 IOL 4] 8 % UCIVA | UCNVA |
DCIVA F1 DCNVA B @ T H £ 55 IOL 4, 22 R ¥
it L (¥ P<0.001) (£ 4),
2.2 2PHARIRARIG OQAS I #L 58 T £ 45 b Ho 4%

AJE 14, =45 TIOL 4l 835 MTF # 1B % SR |
OV 100% OSI {E P I /= T HA £ i IOL 41, 2 R A 5
TR (¥ P<0.01) (£ 5),
2.3 2 AHARIRAR G P52

ARJG 14, g5 TOL 415 = £ 5 10L 4 R IR 4%
BHifR 2= RMS (H A, Z R ¥ &% 8 L (¥ P>
0.05)(#%6),

R4 2NEBERE 1 EMIZ A GEMITEEE (x+s, LogMAR)

Table 4 Comparison of the distant, middle,and near visual acuity between two groups

at one year after operation (xxs,LogMAR)

NN , 213 %  UCDVA UCIVA UCNVA BCDVA DCIVA DCNVA
NG B B IR 3 ( posterior
o MAE& IOLZE 21 0.03x0.01  0.4120.01 0.74x0.01  0.03x0.01  0.45£0.12  0.75x0.02
capsule opacification, PCO)  _ "
SHEAIOLZA 20 0.03x0.01  0.16£0.01  0.14x0.01  0.03%0.02  0.14£0.01 0. 15:0.01
REH DR 0~4 G 0% N ~1.193 -38.159 —81. 642 0.333 ~7.503 -83.012
TR M1 RO R M, P 0.253 <0. 001 <0. 001 0.744 <0. 001 <0. 001

4196 52 51 A5 3 55, Elschnig W (ST REA ¢ K5

UCDVA : # I} 41 J3; UCIVA : #£ IR o 5 5§ #0 J7 ; UCNVA . ¢ 1R 35 #5254 1

BRAE IOL i 45052 Foh g
JER ML, 2100 B 5 s
/b Elschnig Bk 7E T0L i
G533 O R R AT 4N AR
B % % 1) Elschnig IR 7E
TOL 1 5 A, {H A0 5l 375 M 5 4
KN w4 R R
Elschnig Bf i 55 #L fih , 2 ik
Lo, BAEEE M
AE4E $= 5& (visual function
index scale, VF-14) b ¢
JiRC I AT VR Ay, BT A
R GHA b —-fE%
b 35 I IR B BE 0 52 A

BCDVA : fg (57 1EZE ¥ J) 3 DCIVA - 8 R Jy % 1E T 4 F B 25 90 3 s DENVA - i L ) 97 1E T A3 B B L g 5 TOL: A
NLEINS

Note : ( Independent sample ¢ test) UCDVA :uncorrected distance visual acuity ; UCIVA ; uncorrected intermediate
visual acuity ; UCNVA ;uncorrected near visual acuity; BCDVA ; best corrected distance visual acuity ; DCIVA ; distance

corrected intermediate visual acuity ; DCNVA ;distance corrected near visual acuity ; IOL;intraocular lens

£S5 2NARRARE 145 OQAS I L5 REBHEIR LB (xxs)

Table 5 Comparison of OQAS II visual quality indexes between two groups at

one year after operation (xs)

215 HR&C MTF # 1k 4 % SR OV 100% OV 20% OV 9% OSI
FifE A IOL 4] 21 35.28+1.49 0.179+0.013 1.11+0.06  0.92+0.06 0.58+0.08 1.06+0.03
—fEE 0L 20 38.71+2.02 0.236+0.005 1.31x0.06  0.97+0.10 0.61+0.06 1.16+0.03
t i 2.302 17.356 7.699 1.225 0.781 7.240

P A 0. 003 <0.001 <0.001 0.236 0. 445 <0.001

TE: (JESTAEZR ¢ 45 ) OQAS: HL3E 5T 5 43 M7 % 48 s MTF : 3 1 4% 328 o8 45 SR« i 4 K LE %6 ; OV : OQAS fi
OSI: & S A6 % ;10L: }\Iﬂ%%ﬁi
Note : ( Independent sample ¢ test)
SR ; Strehl ratio; OV : OQAS value; OSI: objective scattering index ; IOL;intraocular lens

OQAS: Optical Quality Analysis System; MTF ; modulation transfer function;
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®6 2)MABERF1E4KE RMS HILK (x£s,D)

Table 6 Comparison of one-year postoperative RMS aberrations between two groups (x=s,D)

A IR %k TA tLOAs B Bt tHOAs B2 R =R 2
B IOL 4] 21 0.298+0.005 0.290+0.005 0.037+0.002 0.864+0.003 0.088+0.004 0.048+0.005 0.055£0.002 0.055+0.003
=4S IOL4 20 0.301+0.003 0.288+0.006 0.036+0.002 0.867+0.004 0.091+0.003 0.046+0.004 0.058+0.005 0.058+0.006
tff 1.582 0.710 -0.586 1. 667 1.342 -0.795 1.994 1.631
Py 0.131 0.487 0.565 0.113 0.196 0. 437 0. 066 0.120

T (ISEREAS ¢ A6 5)
Note : (Independent sample ¢ test)

intraocular lens

2.4 2PHARMRANG S ML

ARJg VAR, =L IOL AR s & AE+1 ~
-3 D RGBT E BT, &b 2 A g 4y
BN 0D M-2.5D, Hufl i IOL 41 AR MR 2 £ il £ 0 (i
H 0 D, R E /N, B IOL AARIRAE-1.0,
-1.5.-2.0,-2.5.-3.0.-3.5 D W (BIAI S F 1 m.
66 cm .50 ¢cm .40 cm .33 ¢cm .29 cm) 1Y) LogMAR #1 J1 #H
BRT=HA IOLY4, ZRHAGITEE L (¥ P<
0.05) ,2 2 AR A 2 £ BE R LogMAR #1 ) L 4%
ERHITGIFE X (B P>0.05) (K 1),

0.6
—— —fEAIOL4L
0.5 ¢ a a
Bl 2 TOLAL : L &
= 04 b a Tl
= 1 ‘f il b
= 0.3 1
= 1/’
w® 0.2
S |
0.1 1
0 T
1
-0.1 ! ! ) 1 ! ! | | | L
.5 1 05 0 -05 -1-15 -2 =25 -3 -35 -4
B %6 73 (D)

Bl 2/NERRARF1IFEEEBE  — A0 IOL 2RI & 45 Hh
L 2 MR AIAE S O D FI-2.5 D, B4 5 TOL 41 58 3% o5 4 i 4%
MU 0 D 5 =458 TOL 4 L, " P<0. 05 (JhSr FEAR ¢ A6 3, B
£ 05 TOL 2 n=21, =45 IOL 4] n=20) 10L; A T &Ik

Figure 1 Defocus curve of two groups at one year after operation
The two peaks of trifocal IOL group were at 0 D and —=2.5 D, and the
peak of monofocal TIOL group was at 0 D Compared with trifocal TOL
group, * P<0. 05
21, Trifocal IOL group n=20)

(Independent sample ¢ test, Monofocal I0L group n =

I0OL ;intraocular lens

2.5 2 ADHEARIRIFRIE L

2 A ARMR R S 1R i 2 R 2 IR N 58 L A N
B RACAE S5 T H B I R AE . B TOL 20 1 i) JR e R
Joi DR HR R 5 (31 mmHg, 1 mmHg=0. 133 kPa) {31
BRI L 25 T H0 D 2 R TR0 1 R e 10 iR T P e
25 mg. 5 h JEAEAR T2 LI FE % 19 mmHg,

ARJG 1 AR, ZAE A TOL 41l B 2 4% PCO 1 HR, 1 2%

RMS: 275 #ié s TA : 22 R B2 22 5 tLOAs . BRI 1 22 s tHOAs . 5 B 4R 22 s IOL . AL iR ik

RMS : root mean square ; TA : total aberrations ; tLLOAs : total low order aberrations ; tHOAs : total high order aberrations ; IOL;

PCO 5 R ;B4 5 TOL 4 B0 1 2% PCO 1 fR,2 P4
PCOMRK L 2 FAH S it E L (X' =41.0,P<
0.001) .
2.6 2 MARRAE M RETE B E

RJG 1AFE, =45 IOL 4y VF-14 5 £iE0 K
87.99+1.09, B g & F 245 &5 IOL 4111 81.49+1.67,
2 SAA G L (1=10.301,P<0.001) ,

3 it

Bilbao-Calabuig %5 ' 5@ 43 %I 5 042 {5 # A A7 5 74
4B TOL B A7 40 B & B, = #5653 TOL e 1
AR B A T P B R IR L, ST
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