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[ Abstract] Objective To evaluate and compare the foveal microvascular morphology and central foveal
thickness ( CFT) after laser retinal photocoagulation and intravitreal injection of anti-vascular endothelial growth factor
(VEGF) in patients with retinopathy of prematurity (ROP ), and to explore the factors affecting the prognosis of
vision. Methods A cohort study was conducted. Forty children (40 eyes) aged 4-6 years,who had been treated in
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Peking University People "s Hospital for type 1 ROP from January 2019 to December 2020, were enrolled. Optical
coherence tomography angiography (OCTA ) ,best corrected visual acuity (BCVA) and refractive status of the patients
were examined. The patients were divided into laser retinal photocoagulation group and anti-VEGF group according to
they received a single laser retinal photocoagulation therapy or a single intravitreal injection of anti-VEGF drugs
(conbercept or ranibizumab 0.25 mg/0. 025 mL) after birth. Twenty age-matched full-term healthy children (20
eyes) were enrolled as the normal control group. The FAZ area,superficial and deep foveal vessel density (VD) and
CFT of the affected eyes were measured by OCTA at 4 - 6 years after treatment to investigate the influence of
gestational age, birth weight, morphological characteristics of foveal microvessels and CFT on the prognosis of BCVA.
This study protocol adhered to the Declaration of Helsinki and was approved by an Ethics Committee of Peking
University People’s Hospital ( No.2017PHB179-01) . Written informed consent was obtained from the guardians prior
to any medical examination. Results There were statistically significant differences in FAZ area,superficial foveal
VD and deep foveal VD among the three groups ( F=12.321,8.436,5.497;all at P<0.05). The FAZ area was
smaller, and the superficial and deep foveal VD of the laser photocoagulation group and the anti-VEGF group were
greater than those in the normal control group, and the difference was statistically significant (all at P<0.05). The
CFT of the laser photocoagulation group was (267.6+11.8) wm, greater than (259.5+12.9) um of the anti-VEGF
group and (242.4+12.3) pm of normal control group, and the CFT value of the anti-VEGFE group was greater than
that of the normal control group,and the differences were statistically significant (all at P<0. 05). There was a strong
negative correlation between the superficial foveal VD and FAZ area (r=-0.713,P<0.05),a moderate negative
correlation between the deep foveal VD and FAZ area (r=-0.565,P<0.05),and a moderate positive correlation
between gestational age and FAZ area (r = 0.485, P<0.05). Pearson correlation analysis results showed that
gestational age,FAZ,superficial foveal VD, deep foveal VD, CFT were all correlated with BCVA (all at P<0.05). The
effects of gestational age and FAZ on BCVA were both statistically significant ( R* = 0. 615, both at P<0.05).
Conclusions The morphology of microvessels in macular fovea and the prognosis of BCVA in the affected eye is
similar at 4—6 years after laser retinal photocoagulation and intravitreal injection of anti-VEGF drugs for type 1 ROP.
The CFT of the affected eye after anti-VEGF drug therapy is better than those after laser retinal photocoagulation.
Gestational age and FAZ are the influencing factors of visual acuity after treatment in children with type 1 ROP.

[ Key words] Retinopathy of prematurity; Laser coagulation; Vascular endothelial growth factor; Coherence
tomography angiography, optical; Macular fovea; Microvessels; Visual acuity

Fund program: Beijing Bethune Charitable Foundation (2018-Z-08)

DOI:10. 3760/ cma. j. cn115989-20210913-00508

ELy= )L A RS 9 A8 ( retinopathy of prematurity,
ROP) 2 th T 57 JL B4R 5L i 48 & & A A 5 3
£ 00 198 A I S5 08 2 s R B R I e
I8 LT AEA 3G A Bk O il Sz Wi 2 i AR I R
B AR LA | L 2 S R R A B TR B
ST ROR A P gE 25, B LR TE R W] R Tt R, ROP /Y
AR A B R RSN, S8 AR L e L B B B BUE IR
Z—o EikiE, 7E P EA 26% ~29. 2% 1 B AIK A= AR
L& ROPPY I ROP fg R R Wil JA ¥
L™ B ARG Bl 4 e AR LA o e R i A LA
HREPUG A S HE . BRI 4F ok ROP IR 7 J7 % AR I
AN S5 AH ORI RO G BEST 215 4 A  a& ROP 3R
YR A bR i o AE R IN A P9 B A K B T (vascular
endothelial growth factor, VEGF ) 254 1 72 A T IR N #r
Az I PR 1R T OF IS R 4P SOR , 5T VEGE 254
B BRI SR T ROP T 28 i oK 6 22 11 R B 126 2
FIE SR FH R 7 (LI 2297 3k e A R 4% 4 1 3 i 1

KA i) S[R30 97 77 3 7 3028 51 v A 15 21 78 43 B
9% O AR T W )2 £ 1 I 4 B4R (optical coherence
tomography angiography , OCTA ) i 52 | & 3% 2L 8 Wy 18
FHE A T W7 25 5 W B AR DAER I I 55 s v iz Bl i
I 248 S, F5 8 BT 9 A e B2 L 400 Do) IR ok 2% FEE 1) 1L 9 15 5.
J2 WO BE o M ARt A TR SRR AR AR AR i A R T
B R RN A T 97 A ROP B L # BE o
TG4 I T 25 AR AR 1 5 e £ (I T A I T EL L {H H T
B = WOCH I G EE 5 5t VEGF 245 %) 3 5 44 5 13 5653
J7 1 8 ROP J5 K 0 A0 19 6 i 457 728 Ak R L 2 fig kB 1%
OL Y BT I 5E o A W 58 400 R T IO A ) RO &8 5 Bt
VEGF J7 67 Ja 5 4R A A 1 IR B8 6 IX i il A5 B 28
JE IR AS S5 WG K& S

1 #BREHE

11— sk

L11 WAMZR RHBSIBSE Tk, T 2019 4F



SR IR B L Ak 2022 4F 1 HES 40 4555 1 4] Chin ] Exp Ophthalmol , January 2022, Vol. 40, No. 1 .49 .

1 2 2020 4F 12 FAEdb T K2 N R B Be st i 28 )5 B
Hz 32 1 WOCI N G EE S BT VEGE 24 4 3% 38 14 1 1 5
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T v 5 2 $E %2 OCTA K6 #F /9 i ) ] B SF 3 N
(68.8+19.5) 1, 4541 I FELFFAE L 3 22 5 ¥ B 40
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0.7)% . A BILIT AN T AN EMA
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HAZHEHE (2017PHB179-01) ,

1.1.2 Y9 A KHEBRbRE N ARRHE: (1) AR 2
Jy 1 A ROP H £F 45 ETROP #ff 5% 5. 1 I6 ¥7 & 1
ETEL B 2 A O O O 5k sk VEGF 25 ) 3%
TSR T AT 5 (2) AHEAT o — WO A0 RS G e iR
JY oL VEGF 244y 3 38 1A f 1 5 FL AT SR U At A 97
i, Fo T VEGF 25 943 56 B A1 04 35 B B 2k i,
2 2 Wy id S i 00 B 14 0. 25 mg (0.025 ml) 5 (3) 34
J7 S5 4T OCTA K3 .

HEBRARME - (1) 8L IEAT 3 A0 A0 19 306 00 ) A5l
BEVRYT BUE BT VEGE 24 %) 3 38 4 1 7 335 (2) Bl vy
] 452 32 3 Hof v o7 (3) B F m BE L AL (= -6.00 DS) |
PN B 7 ' IR Bl ) 28 4%, A JHL Al 00 D R s B MR 8
M (4) K K& 2 OCTA R BT KA

F1 HAAMERREASH VEGF A
E 2 H#H L (mean+SD)
Table 1 Comparison of demographic data between
the two groups (mean+SD)

21531 % AR R AR (2) WENK(H)
WL 20 30.4+2.5  1455.5+409.8  79.1+20. 1
Bk

$iL VEGF #4120 30.6+1.6  1637.0£561.7  68.8+19.5

t {8 0.227 1. 167 -1.639
P 0.822 0. 250 0.109

T (LA ¢ K56

Note: ( Independent sample ¢-test)

1.2 F¥:

1.2.1 BOCHMMBOCES T ERE T 0 H A
AR %% ( Spectra IRIS, 2% Keeler 2y # ) H M T,
810 nm Y6 HL (Iridex SI, 2 [E IRIDEX /2w ) X U A0
Ji 12 A0 A JEE I ot A DX A D' R e ] 3 4 T A e e L
RIS 36 i Al B AT OE L BE o DG BEE B £ 65 MU 3] Hig
VR 2% T AT P T G 1t 4 DX, SO RE O 100 ~ 450 mW
E R RE R 100 mW , BTN 26BN K E 4 (=21
JEBE) RO E] 0.3~0.4 s JEEERIMIFH LY 0.5 4
B

1.2.2 %t VEGF 4 gi s iA I 5 1EIRBE A%
e BH R, TANIRE S 1.5 mm 4b 5, 5
PRI 5T 0. 25 mg (0. 025 ml) FEAT PE 2 (J80AR B 54 4
PR IRA A s BR T (R E AT, 45K
PN IR AR R ZE RN IR (S Aleon A 7)) I
At AL .

1.2.3 IREEHEMAA (1) BRIk A ([ Pr b
ML) 5 (2) MR 4G A SR LB AT W 3BE (SL-1E,
H 7S Topeon 2y 7)) HEAT MR B 5 46 A , A0 45 £ B8 L i 55 |
HEJE AR AR S A A 5 (3) MR A & R T IA] 4 46 MR %
A A B B A R A LT B L R AR A 5 (4) IR
DR SR AR 45 b IR JE 31 (Canon TX-F, H A fERE A
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acuity, BCVA) s GRS A Il 2 K iR A 5 i vk
JE 1% B+ it MR PH B8 IR (ks BH 2% 55 R 24 e 3 A1 R 2 7))
SR, b W) — B0 IS 52 3006, #55R H B sh 34X
(RM8900, H A Topcon 24w ) 4T F 58Kt , I AT 4L
S Rl 0

1.2.4 B X OCTA ¥52& %/ RTVue XR Avanti-
OCTA 4% (3£ [ Optovue 23 ®]) X fir 47 32 46 IR 9 47
OCTA ¥, F 840 nm 11 #8 & & — A% 45 L)L 70 000 Mji/s
(A AR AT A 4, 6 B8 BE 0 M1 3 mmx 3 mm HE R R
A8 AT 58 8 AR, S5 I 3B 5 A& g8 A8 OE IR 2 5 s
MAE DN o F AL B 7 P 5 5 G 1916 1 45
X (foveal avascular zone, FAZ) , 3% 2 N & 2 W0 W JIE 1,
& (vessel density, VD) £ H Yo 4 %) %5 JEL B (central
foveal thickness,CFT) , FFr A Z/HIRIYFT 2 Ik OCTA #
A, I H iy [R) — 485 3 58 180, B8 A7 A 2 e e 1 TR

1.2.5 $Efli$5FF  (1)BCVA FIZE 40k 85 (equivalent
sphere, SE) >R HI [ br #5 #E ML 1 £ & & JF id %
BCVA,SE DABRBEFE N 1/2 FEBERE T35 (2) FAZ K2
K2 VD A1 CFT 78 DL BE A O MR s,
A2 0.5 mm [ EE KB A IC & FAZ mH R )2 iR
JEAL M VD FICET VD J2 Il it {5 5 18 R f 5 KR
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Geits i Lo AR SRR DL M(0,,05)
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K H Kruskal-Wallis Bk FIK: 56, 9 b %% 2% F Wilcoxon
BRI K 3w, P<0.05 h 2R A S iH¥E L. Kk
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(] (9 S IE B BE o R FH B 21 Pearson £ M AH 3¢ 23 # k K
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BOEAT ¢« K%, fF P<0.05 By
WA BEH, UBCVAf/Ej‘J./WE
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HE4 P VEGF 41 BCVA M IK T
FEXF A, 2 R A LRI E X
(P<0.05), 3 4 (1] 32 K AR F- 1
SE Z G = L (H=1.363,
P>0.05)(#£2),
2.2 520 3z AR BE O AR T
LSRRI F AR

OGP 8 4 Bt VEGF
éﬂ%ﬂ&%@iﬁ AE 4 0] 37 K HR FAZ ﬁ
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JEE S Bk 41 A BT VEGF 41 52 46 IR

BCVA FiJE

FIZM VD

WZ M VD

X VD A %R
Figure 1

group and anti-VEGFE group than those in the normal control group

VD :vessel density

FAZ TH B /N T g B X BRAL (P <0.05) o OB M B8
EELH P VEGF 20 1 fd B Xof BR 28 ] 52 A6 R 3 B o0 11
FZUMEE VD A2 0B VD SR e s S 3
Biil 7% X (F=8.436.5.497, ¥ P<0.05) , #5600
G HEE 2 R4 VEGF 4 37 6 IR 3¢ J2 AR 2 A M JE VD
R F X IA, ZF AR E XL (¥ P<
0.05)(E1,%3),

*2 FBHEZKERAF BCVA 7 SE L&
Table 2 Comparison of postoperative BCVA and
SE among various groups

21 51 MR# BCVA® (meanSD) SE“[M(01703) ,D]
PO BB e 20 0.69+0. 22° 0.00(-0.75,1.00)
#t VEGF 4 20 0.79+£0. 15° 1.00(-1.69,1.25)
et R o MR 4 20 1.00+0. 09 0.00(-0.75,0.00)
F/H 19.292 1.363
Pl <0. 05 >0. 05

OCTA images of foveal microvascular structure in the three groups
(arrow) was smaller,and the superficial and deep VD (arrow) were greater in the laser-coagulation

T oo 5 4 R B2 L %, P < 0.05 (B[R R J5 22 4 A7, LSD-t £
%) #:Kruskal-Wallis BRI 50 BCVA IR 87 IEHL 7 5 SE SRR B2

Note: #* ; compared with the normal control group,*P<0.05 ( One-Way
ANOVA, LSD-¢ test) #. Kruskal-Wallis rank sum test BCVA: best-

corrected visual acuity ; SE ; sphere equivalent

ki \’th A

fE T IR 2

B1 SEERFOMEMNERSHE OCTA BR (%U‘ﬁﬁﬂﬁj‘l’:@ffﬁ}ﬂh VEGF 4] FAZ [EJ
BUN T B AL (k) , RIB L IRIZ VD 3K F i B B4l (7 k)

FAZ: B BE PO MG 1
The FAZ

FAZ: foveal avascular zone;
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*3 FBAZTRRBED PO MM EFSHLEHEXEIRIER
(mean=SD)
Table 3 Comparison of microvascular morphology-related
indexes around macular fovea among various groups (mean=SD)

a3 WH FAZ(mm) 2 B ?ﬁ)?%%lmﬁ
VD(%) VD(%)

O AR I 20 0.170£0.073"  26.68+6.00"  41.15x4. 67"

HeEd

$i VEGF 41 20 0.151+0.047" 27.84x4.76"  42.75+3.49"

fREEXTERZ4L 20 0.24220.059  21.97+3.16 37.41x6.93

F {4 12.321 8.436 5.497

P (Y <0.05 <0.05 <0. 05

T -5 (B XT 2 B B, P < 0. 05 (L PN R U5 22 0 A, LSD- A )
FAZ: B GE O MG X5 VD 2 I8 % B 5 VEGF - 18 A B2 AR KR T

Note: Compared with the normal control group,®P < 0.05 ( One-way
ANOVA,LSD-t test)
VEGF ;vascular endothelial growth factor

FAZ: foveal avascular zone; VD: vessel density;

2.3 HKYZKHR CFT (L

WAL I ¥ 41 BT VEGE 21 i fi J3e i 18 4 1]
ZH MR CFT Bkl E R AR iH =& L (F =
15. 171, P<0. 05) ; H o i 640 M BOGBELL CFT {5 K F
Pt VEGF 21 fnfd e %t B 41, Bt VEGF 41 CFT {f K T fi
FREXT IR, 22 ¥ A Gt 2 L (¥ P<0.05) (£ 4) .

*4 EHAZIER CFT tkE (mean+SD)

Table 4 Comparison of CFT among various groups

(mean=SD)
21 5 HR % CFT(pm)
OB O B Al 20 267.6+11.8"
$i VEGF 41 20 259.5+12.9°
el S o R 2 20 242.4%+12.3
F {4 15.171
P <0. 05

oA HE R IR LA, P<0. 055 554 VEGF 41 [L %, "P<0. 05 (# 15
FO7 50T LSD-t KR )  CET 36RO 19 BEBE VEGF it 5 14
KAEKRET

Note ; Compared with the normal control group,”P<0.05; compared with
the anti-VEGF group ,I)P <0.05 ( One-way ANOVA, LSD- test) CFT.

central foveal thickness; VEGF ;vascular endothelial growth factor

2.4 ZRERA WG
Mo [ &

FATR A e A A T e 5 R s AR 2 R FAZ K E
MR VD IR Z MM VD CFT 5 BCVA [a] i etk
Guil=aE (¥ P<0.05) (£ 5),

®5 EBCVAMEXKMEBERZRZMERNEASH
Table 5 Univariate linear regression analysis for factors
correlated with BCVA

& R P1{a
R 2 0.564 <0.001
FAZ 0.744 <0. 001
FIZMM L VD -0.514 <0. 001
)20 VD -0. 444 0.002
CFT -0.410 0. 004

T : (Pearson #HKJ3HT)  BCVA e EHFIEWL J1; FAZ: B BE AP0 MR
ML X5 VD 2 105845 2 5 G« B JRE v [T o) 2

Note; ( Pearson correlation analysis) BCVA :best corrected visual acuity;

FAZ .foveal avascular zone; VD :vessel density; CFT:central foveal thickness

2 RN A 43 B S, A 8 0 22 T 2 Je] H
I (BCVA =0.005+0. 024 x 1 A= 22 J& + 1. 655xFAZ) EL.
B G2k L (F=10.859,P<0.05) , 445 5 BCVA 7§
SEHY 61. 5% ] fy H AR 2 R A FAZ (A8 4k K f B (R =
0.615) , i 4E 22 JE F1 FAZ X} BCVA 52 B A5 5o it 2%
=W (P<0.05,%6),

3 itig

ROP 2 VEGF 4 S 9 W0 I JI8 1 5 5 5 94 A 1k
P R PO S B WA SR 1M 4 Al 9 R I 5 YA
ROP 145 20 T Bt o 3 4F ofe ot B 385 1A% s 1 3 40
VEGF 259 s Bk & O L B T 2 1 T34 77 ROPHTT
R A 4 T A A DR 3 5 o R IR I 2 4 5 4 T
D A RO B B B A R L R 5 B G R AT RE
PV OCTA B ARTE TFA W 000 5 38 55 1A 25 F) 245
A 7 T AT 3 EMEVE O3, HAE L 4E ROP i 4
St b AL G 0 LA T R A Gk L B A
0 RE S TE AN 45 1F R 22 R
PRI EAR . A BFIE R A OCTA $ AR, fit e T LLAE

&6 S5 BCVAHEXMESELMEEMEASH

Table 6 Multivariate linear regression analysis for factors correlated with BCVA

2 A aRTN L B=g = e N WEERR AR AREEIE RS P 95% {7 X [f] VIF {f

VD 5 FAZ [i] 5L 3 i Af 56 it 0. 005 0.494 - 0.992  (-0.999,1.010) -
(r=—0.713,P<0.05) ; # 5 A 2 0.024 0.011 0.297 0.028  ( 0.003,0.046) 1. 469
FAZ 1.655 0. 478 0.619 0.001  ( 0.683,2.627) 2.820
FOMBEZAME VD 5 spwmmmvp 0003 0. 005 0.119 0.482  (-0.006,0.013) 2.428
FAZ [f] 5% th 26 3 B 7 A ¢ W2WMEE VD ~0.001 0. 004 -0.038 0.784  (-0.009,0.007) 1.670
CFT -0. 001 0.002 -0.077 0.576  (=0.004,0.002) 1.651

(r=-0.565,P<0.05) ; i 4

TE:BCVA S A IE AL Jy s FAZ : 38 BE 0 MJE ML A8 X5 VD 2 I A8 2 188 5 CFT 38 BRE v 111 900 O U2 32 5 — 2

8 5 FAZ Ja] 5 A% ik
IEARX (r=0.485,P<0.05)

thickness; —:no data

Note: BCVA ; best corrected visual acuity; FAZ: foveal avascular zone; VD vessel density; CFT: central foveal
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ROP 8 L 4 i /N TG 36 T 4 9% D' 1L A5 3 2 6 2 110 X
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