SR IR B L Ak 2021 4F 1 HE5 39 4555 1 ] Chin ] Exp Ophthalmol , January 2021, Vol. 39, No. 1 . 89 .

R R ERK AR TEHE SR EMFIREIARHER

B L sk BRRIE  wik
A KFARERRA P 430060
WBAEHE# R K 4E , Email : whuchenchzh@163. com

(FEZ] W IR O I 5 8 (DR ) S Ml RO 8 5% 5 DL Ay MR 0 0 6 A, T M s % JRE K Ji ( DMEE) 2 DR £
F IR W T Z R G DME (9718512 160 4 5 26 R Lo A T W2 45 il COCT) A6 A n) 52 841 I fi
Ak 245 I 25 A J2= OB e B A%, © 72 B TR AR, JT AT DME 532 I A G 7 0CR 19 KB B o 3 4R R OF
FL R B DME 7E OCT [ 45 b 490 [0 [ 1 ik 2% B2 W 1) 25 b R G 5078, B0 415 B¢ B 1S 388 A B T S L P J22 L TR0 I 4
FIZEHL A 100 R A Y — S S PR IR | A S 2 R IR L A V2 A I A R R AR IR AT R AR AR
H A UL bl 2 R IR 2 AR O 2 S S AR s Tk 6 5 R EE ek A |k 2% R L A A RO B A X St AE
DME KBS AH S, I e K HoAf o DME B 42 89 27 b a9, A SO G 5 T F) B0 7 o R AT 2

[RER] ek TWIZE; WERMBEBKM S VAR EY s BERB O BN L ; 2k

DOI:10.3760/cma. j. cn115989-20190617-00264

Research progress in biomarkers of diabetic macular edema on optical coherence tomography
Jiang Jingwen ,Chen Changzheng
Eye Center ,Renmin Hospital of Wuhan University , Wuhan 430060, China
Corresponding author; Chen Changzheng ,Email ;whuchenchzh@163. com

[ Abstract] Diabetic retinopathy ( DR) is a common ocular complication in patients with diabetes, and
diabetic macular edema (DME ) is the main cause of vision loss in patients with DR, so the early diagnosis and
treatment of DME is of an important clinical significance. Optical coherence tomography ( OCT) can provide high-
quality imaging of retina and choroid. It has been widely used in clinical practice and can be used for long-term follow-
up of the diagnosis and treatment of DME. Recent studies have found various characteristic changes in retina and
choroidal layer of DME on OCT, including vitreomacular interface abnormalities, disorganization of retinal inner
layers, inner segment-outer segment ( IS-OS) continuity destruction, external limiting membrane continuity
destruction, outer retinal tubulations, hyperreflective foci, intraretinal cystic fluid, subfoveal neuroretinal detachment,
low optical reflectivity, subfoveal choroidal thickness change, and choroidal vascularity index change, etc. These
changes are related to the prognosis of DME, so they can be used as biomarkers of DME. This paper reviews the
research progress in this field.

[Key words] Optical coherence tomography; Diabetic macular edema; Biomarkers; Diabetic retinopathy;

Review

DOI:10.3760/cma. j. cn115989-20190617-00264

Hi PR A WL 19 i 93 2% (diabetic retinopathy , DR ) S Al FR A (& #5
WL IR I ZOAE, AT R B ek T EE TR o BR
2 BE /K i (diabetic macular edema, DME) 2 5 Bl JR 9 51 2 ) 3
BEH G M1 AP A AR AR TR AR A 9 T B0 AP R
S T A O 0 L 0 B B T AT R AR, 2 25% 1Y
MRS 8 T B4 4k DME" . DME i % 5 1L 1 o5 A M 0, B
RiA b 2 4o B 5 S i N A KT (vascular
endothelial growth factor, VEGF) &35 i, 5] & M1 -0 ¥ B ¢ %
(blood-retinal barrier, BRB) [ i o , Il 45 3t 375 114 38 i = 20 26 3
DAL 16 RS A 0 AL 19 T R AR . DMEE J& DR JR 35 4 ) 2 2k

g 3 D 3ok IR L 20 50% 1 DME S8 IR AT R 16 2 4F Py
Fed 2 A7 L B B RS W RA ST L ek . T
Ext DME (93697 £ A BT VEGF 2593697 WOGRIT M B2
WMEWRITURFERIGIT, & E FRAE KA F B, & IR
F) £ W 2 A 0 AT K ST B, L R e B VA T IR L, 9
19T RS, J6 A T 7 JZ 49 5 (optical coherence tomography,
OCT) A I ) 85 3 ko 450 00 0 M A0 Jk 4% i 143 4% 4 2 W, T )
TR RS S 1) 2 W A K B . OCT ﬁm%nlﬁﬁaﬁ DME i
MR K I £ 43 807 o P B A L R T R R .
A BF 52 W42 5| DME £ OCT mm;mkfﬁﬁrw@@m%



.90 - ARSI IR B2 AR 2021 4FE 1 H 55 39 45:%5 1 ) Chin J Exp Ophthalmol , January 2021, Vol. 39, No. 1

AR O 065 B 08 A o O T S ok N L I B S A 2L L
5 —4P97 (inner segment-outer segment, IS-0S) % £ P B 38 | #p 5L
I3 2 M R IR A 2 A0 0 A AR g R S R A B A AR
TR e T A 2 400 T R 2 AR 2 S e MR bk 2% R
JELJE A Ik 4% B L A B A S5 DR /R S DME f2E W) o
FRaEY, B B W I DME () it J& LA KW ) 35 18 0, X I )R DME
B2 W b KT T RE VA R

1 HEGEHRFAEARE

T WL T 5 ST ey B A S B B A I Y B R
Miiller £ Jf A< i 26 10, He 58 & VX e e L D g oA AR,
UYL R LSRR, B ARG B TS N RS RS, R A
T A J5 B0 2, AR 36 A0 [ 6 2 T 200 i ) 3 B R R L A0k A=
Pr R K B BE A M S A ( vitreomacular interface abnormalities ,
VMIAs) , VMIAs £ $5 #H B B% fif f% ( epiretinal membrane, ERM )
Tk 3 A A0 Y K 3% ( vitreomacular attachment, VMA) , OCT |-
B B K BB ALL B 5 S MBS . Karatas 817 % B [ 9%
VK i ) DME 5 3 55 14 X B 40 0 % 22 H A0 3¢ . Wong 28 B
58K I DME HR 3L 4k b ERM (19 77 75 42 7 58 22 19 e AR 55 IE
77 (best corrected visual acurity, BCVA) , & $H1 VEGF &7 5, W
R RR T VMA R A A 77 AR B0H 2R 19 8 &5 42 46, T ERM AR B
IR AR HR ERM XL VEGE 25 9 i) i A4k .
FERIMA VMIAs iy B IR & 0L A BB 5036 97 5 0 00 32 7F A W)
&7, ERM f 77 A6 5 HUR £ 25 09 BUS L ERM 9 K0 77 76 7T
il 7 BN 25 H 78 Ak, DT R R VB E Oy e RE

2 MRS E

2.1 HEM RS E AL

00 S PN 2 65 A A A Bl 25 Al B 2 - N AR 2 ((ganglion
cell layer-inner plexiform layer, GCL-IPL) & &%) . N #% )2 Fll 7k Ao
K JZE (outer plexiform layer, OPL) . N J= # M i &5 #4 3 il
(disorganization of retinal inner layers, DRIL) & X 4 IE % N JZ
MR Z IR EEM ZETL, 8 OCT E&EBERHAAANE ., R Z
T RO B 0 [ 1 000 wm ~3 000 wm [X B0 5 DRIL () 7k F
Fi]

DRIL & DME £h A SE B A tr B, B e T
B AF BG4 B P29 AN & AR I IR . DRIL (98 L F]
Al 55 0 19 JIEE B 4 ol 8 R U v R OC L BIF AU K B DRIL 5 DR R
19 9 0 6 240 105 O 9 2 X 0 1 BOK /AR 96 H DME IR
F OCT Ifil 4 1% 1% (optical coherence tomography angiography,
OCTA) fry 1R o0 JIE 3 S22 S iR )2 9 32 5 4 IX Jk 5 DRIL 19 o2 & A
X, DRIL B 77 FEAR SR T 4 25 1y S 42 A ¥y e LU 175 L
Sun %" S DME fER b DRIL 1540 f0HEAH G , 70 1 1 JS
Hrty 1000 pm 385 A, BE£R 4 TE 7™ 5 (¥ DRIL $275 1697 5 B 2%
BRI BLFEST VEGF 3R Y7 /5 8 /> 1, DRIL 4R & 19 IR L
et DRIL (9 B IR A 38 (R 9 L s . 1Rtk DRIL 5 % iR
T DME IREZZHI G
2.2 SMEALR

2.2.1 IS-0S ELMEMER  1S-08 2 7E OCT £ 3K & = 4
W, 1S-0S HELEME B IR AR FR T W B IRZ A B 5. H Ao
FEE R B 1S-08 34 2 VA0 38 43 W0 199 JIEE 52 A v 1 3 3L, 2an 400 oY i
4y 37 4 ik B ZE ( branch retinal vein occlusion, BRVO) | {4 2 M
[ 55 % ( retinitis pigmentosa, RP) | H .Uy 1 35 900 P Jhk 465 A 40 ) i
4% 75 ( central serous chorioretinopathy, CSC) 2! | Maheshwary
a5 BESE R B, A AR YT BLE VAT I DME B v 1S-0S i 25 1
AR IR 47 ) 400 0 R A R o, HG P IR 4 LGB e, R R
I, 3275 1S-08 3 L2 A 1E o JIR T )5 40 0 i 000 R 7 [ A
B W5 K IR 2 3 B8 3 AR P9 T T b 2K B YR YT R L 1S-08 4
PR AT A9 IR BCVA B4 1S-0S 3% S5 Pk T 4 ofi g 4 ) 48
HR S BTGB, B R 2 A WA R 1S-08 3 S M 1
KBNS AT S AR R BE 22 9 ) WG, OF BLLXE VA 1sg
DME HR A JifJ 5 i 1B 66

2.2.2 HMREESEBIR AR BEE Miller 40 Ml 5 6 832 4%
W EREE G TR K FY R . /£ DME IR, 5b
SIS0 10 IR AT B Al Bl o S AR 1 S AME AR TT U A I BT s O
F M2 4% 5 I 2, IR AZ 25 1 B IR A 7T g 5 BOAh I ik
o PSR 5 DME #8900 J7 37 3 4 56 . Mori 251 B
3% 62 H DME IR & B, 250 VEGF JAIT 5, B4R b 58 4 ok
14 1 R R R L B 0 45 vy e, 6 4 G 1) A SRR T L B W 5 A
B0 5 I HOAM AR 0 K 5 4 22 1) BCVA 1 35 G 48R AP 5t
AT V>4 DME J8 AR A8 ) 5f5 i B0 B 7. 5 1S-0S & 224
1oL, A J B34 2 M 1) i SR T TN DME J8 AR B 22 9 015

2.2.3 SN2 R A2 K B A (outer retinal
tubulations,ORTs) 7E OCT - 3¢ 3 Jy [ L8 (% 15 5 (19 37 )8 2L 6P
FomfE S 5, Curcio 28" 1 S 18 W 101 4F I8 4 56 1k 2% B A5
4 (age-related macular degeneration, AMD ) 2 R (1) 2H 41 2= 5% vf
Ko ORTs I 20 F 10 W R SMZ )2, HoTE L il i R 35 4& , B
A DU Eh ' RS S8 R S T HEE B, H s {5 5 1 T e R A
YR 1k S5 (9 2R 7 44, ORTs AT 58 451 155 4L I K 410 2 &5 4y , I s i)
TEBAERRE T @ &b . ORTs % H B AE A [ B J0 k9 55 T 2T 4k
& Ik 2% ISR A 1l %8 ( choroidal neovascular, CNV) B 9 iR 47
PEBERTH . WF5E K B ORTs ££ DME H AR vh (¥ & A8 22588 i, fE BT
VEGF 97 i 2 v 2 S8l 2840, iR 4/ 2 R sy K, A
ORTs #2758 T #2219 BCVA K HAth W5 AH 5 48 A, 31X 7 8 5 6
TR IR IR . ORTs #8278 T 424 W 1 U
JERT R A YT b AR B A, B U L BB AR Sk 9 O 1 TR Bl o 4
B o

2.3 HAh A0 o g A

2.3.1 ERHE &S (hyperreflective foci, HRF) & LK
OCT L AT U iy Jor A5 A0 I 52 23 e 24 AT o 00 0% SR BR 95 28 1) 0, o
Bolz %17 1 45 F 2009 4F WL % DME (B IR J5 42 . H ATk A
HRF M FATESR 7R 1 A0 BT 3l v 28 9, OB 15 /0 T S5 240 i 1
AL R R OC . i F /BT A0 i 7T AR B4 L 5 7 CD14 &
599, 1 DME R 55K iy CD14 K5 OCT | HRF
0 B0t 22 1) LA AR DG R E B HRE B TF 145 /0 B 5 4
A 26 o T /0N BT A0 B 3% 6 FT R AR FE AL G DR ZE B A5 2%



SR IR B L Ak 2021 4F 1 HE5 39 4555 1 ] Chin ] Exp Ophthalmol , January 2021, Vol. 39, No. 1 .91 .

WU BB AT PR s . 76 DR R o, HREF L300 437 5 00 15 i
2 R TB BRI EANZ

HRF f£ DME 3677 i 2 v ] 22 B0 8 9 R = 30 0% PR 3 I
B o HL VEGE 254 vf H1 3 Ak (9 /I B 5% 40 e B 3 26 1 8 8 .
W9t & 4P VEGF J6 77 sb 52 B 3697 /5 , DME B IR
HRF ¥4 W 8 TR . HRF 5 DME IR ¥ ) 9 5% R o
TR, IR FFLLTEAE MY HRF Fi/R 25 A BCVA {1 BCVA
5 HRF f9 %R 6 91 5 A1 O6pE' . HRF & H AT 0 A A
DME £ OCT | A FRE P i 48, 23897 J5 T IH IR -
2.3.2 LRGP AERE R A I P 4 A B (intraretinal
cystoid space , IRC) £ 3% #MZ 2 F1 P 4% J2 Hh 114 48 B Bc A8 | K 4%
M H1 Z A5 DME R 3% 28 4b 7 [] B £ 47 S0 4% )2 BN 1 2 B8 i
HMZKJZ ) FERE S P BB FE 1S-0S 3 2L Mk I % rh AR AR 3 7 A
ENCIBUA:UP-A TR T AR 81 NN LGB N U T 4 ol e
BT A8, LT VEGF 877 J5 9L M08 0 2%, X ml R 5 40
2 P R TN O SR A2 1 34 A 7 2 5 L, DA IR ER 00 D A
P G I PN A% 2 B b B0 1) R T Yo AR R I ) R 11 B i A
AN A RIS R B, H Lk 4k DME R TRC [ 77 78 S 5E fir
5 T s P T M JE R B IR T S BCVA G, HRTIA K
IRC A7 7E 5 90 )3 WIS 0 W12 M 56, {ELIX A7 o aF — 25 9 4 303
FEIN LA AIE
2.3.3 O U A BT A 1T s R
('subfoveal neuroretinal detachment, SND ) 2 fy ¥ % i 5 Jik 2%
A6 B 15 00 0 TR 25 1038 I T8 i, OCT 1 AT T 25 2 S5 it 5 400 ) Jl
5 DME B A0 i SND ] fit b 4 55 58 5 475 r 85 100 /0N e I 40 i
A2 5| i TR kA R I 3 8, HS B AR N e M T R 25 1
WA BUGARSE . SND 5 DME [ R £ i 1] ol ™ f R B 56, nf
F£ DME R B, A, v 7 0 0 55 PR 97 {4 T W% Wi 22 i B 2 O T
% o Vujosevie 2 g — I 55 4F e £ SND KR fE SND g DME
MR, 455 % B0 SND (W17 7E 5 S0 AR 52 403 4 3 M1 56, £ SND H
A SND ) DME R VA B A% ., 2055 IR # R )Pt VEGF 97
J& ,DME R K #54> SND 3 a] 38 "' . SND i £7 7638 % $2 /1 52
ZEW ML) BUG ARG YT IS K84y SND AT IR .
2.3.4 fROGSERST A O T MERH DA LI o R A A B
Xf L 5E A, Farinha 452 4% T — B0 B9 OCT 814 4 i ——
OCT % Js Hu ¥ [l (OCT-leakage mapping, OCT-L) , i] 1L 5 &7
PSR BB R A IO €0, 38 B B -Bruch 22 IS F IE 06 2% R Gt &
BT o B RE A BRI OCT IR 6% R4 7
ST B AR SR R A, A R s B R R
%o OCT-L A F 1E % o 2% 5 32 09 A 5 B AR O 2% 56 8
(low optical ratio, LOR) , I 14 K B & 7/n o IR AN % B A7 & )%
552 LOR B A 1R 3 41 B A1 S5 o FUOB Y IX 3

WFFE W LOR nf H B 78 2 Fl 24 7Y 00 0 199 J5E /K i 280 B o
i AMD . CSC 1 DME %8, Santos 25 Bl 5% & #l 76 DME & iR
T, 50 VEGF 3897 J5 90 W I 45 22 LOR il /K i 314 38 35 45 k2>, 1
OPL A% 2 +1S I 0S 2 i /0 i B de K o A 9% TR 2 B AR IR
AT LOR #8 TR Y7 5 8 2 19 BCVA, OPL 2 #1 /§ LOR
JKOF-RIFE R BCVA R A7 0 B0 B F , BCVA B i 36 72 )% ol fiE B

e AR 0 [ S 2 B S AR 0 B 0 0 #R JEE . OCT-L Oy DME /)
MR 42 B8 T 557 Y J0 QY PR Bl U5 T B, 18 T4l 45 J2 B0 IR0 58 S i R A9
37 5 LA B A R B A2 A 9 5 i R BT TR

3 BRERFRME

3.1 Pl T R g R A AL

ik 2 J g b T2 AR 0 B 3 ot 3t , L 45 6 AL 4 AR 4 9 AR
AW D A . S8 DR Y 32 2 28 78 AL ) B UL 8 R 4
Hh LR Dk 2% B2 rh -t ml LAOWE 5% 30 AH 5C 59 28 4k, R kM o A
ook B A R KRR A, D MR ik g B R
( subfoveal choroidal thickness,SFCT) #£ OCT E .0 MK &
SPF I A S, 3R 1 R A 10 % 3 TN LI % 1 B U, IOk 2% TR )
B s AT A 5 Bk S BORY Bk 4 B I B9 A28 A A 7Y, Unla
17 % DR BRGSO 58 % BL, SFCT 55 DR iy ™ 7 i 2 1F
M, A5 DME #7776 T @ 3% A ¢ . Kim 257 5F 55 W) % 8L
DME HR bk 2% A% GE 6 B 2 3538 5. 76 DR R, VEGF X ik 2%
2% 1 T8 1 AL ) A 7 I Ik 40 BEE I A8, 365 ik 6% B o 38, 4%
T 10 Uk 2% =6 240 0L 55 U2 J5E B, LG XF ik 4% 58 i) i A 56 42 0
o OHERE, It VEGF 3By7 5 14~ A ,DME IRy SFCT A2k
IKFA B E T AR RS IELA . B3 VEGF 97 41, &
A W 5 S % ( panretinal photocoagulation, PRP) /& H fif X} DME
IR FERRT TNz — o AFFER W], PRP IR YT 5 M IR ik 45 Jit
L3 0 2, W 4 B 22 28 A MR AR 20 Ll F SFCT Ayl A 14 22
SR, AT HE A 422 SFCT 5 DME 19 56 & i A7 78 4+ 38, 0 i R
E A1) Bl U WL HE AT I 5
3.2 kg IR i 4 2K

Tk 28 IS 1M 4 358 %% ( choroidal vascularity index, CVI) J&— Ff 8
2T OCT G Dk 46 R o 5 500, 3l A0 — {8 fh Ak 28 7 ik 2%
IR0 7B T AR5 IOk 2% R TR 2 LT B, R T bk 6 o A
A . BEFR R, 5 EARAR Lo, DR IR rb iy Uk 2% 15 40 1fi 4
F %t B B T, X T E S B0 RPE A1 J2 00 9 1) BB 4 i
S VEGF L3, A ifi 35 DROBAL™ o 55 i FEM AN Ee , DR A IR
B9 CVI R FEAL, H DR ™ 5 2 8 i IR CVIBRAIR; CVI
59 DME G HRAT7 5 9 VA #2272 L CVI AT B 45 7% 18 76 50
5 DR 9B, F Bl RN 2 & B 5 00 )t VEGF Bl 5| &2
B4k R PEAEAR I SR . H FTIA S CVI AT Sz e ik 4% 1 A8 0 e
Koy Aol , H 5 SFCT A kb, CVI A8 572 i 51 /N, w] A Ry 3£k
ik 6 17 0 T R A48 b, (ELEG 5 0] I 4 5O I A 3 5 45 AR
B 2K R AN 2E— B B FEIESE

H R BRT5E © & B DME 7£ OCT [ & KA Wb brEW &
5 A8 A R g UG B9 AE S, O i K2 7 LA KBS BE
AT HE A, W KA E E AL DME B F BT i
FI OCT # A 9E47 Bl U5, WL %€ HC AR AIE 4 2 728 5 0 0 B =2 1) Y
SRFR TR AR HR R O TN H I PR T SR AT AR, AT BE 4
YR I WA AR AL . SR I, AR A W 2 AR B AT
B, REFERE S KPR IHEER DME 5 HXE R, CVI
A1 LOR J& BARI5 /9 OCT A9 %A b5 359, R R 7T 0 R A7 K
WIRE VO S, IR T HG PR3 3o B AT 2 A BF 50 % 3L 4y



.92 . ARSI IR B2 AR 2021 4FE 1 H 55 39 45:%5 1 ) Chin J Exp Ophthalmol , January 2021, Vol. 39, No. 1

DME ) OCT A= 92745 3 4 5 IR P AH OC 40 i B 7 7K1 56, %
P AR S F 5 AT AR Y 5 2 TR A T I AR WD 2 A 350
I BB AT BE— 4RI DME B 5 L o

RIS MR AT 1 75 R AL 27 o %

&% ik

[1] Acén D, Wu L. Multimodal imaging in diabetic macular edema[ ] ].
Asia Pac J Ophthalmol (Phila) ,2018,7(1) :22-27. DOI;10. 22608/
APO. 2017504.

(2] A3 7 1E 0 DA RO TR g 1 28 BXE K i iy i il B 45 B0k % O VR T

Jrik ] P AEST R IR AL 44 3K, 2012,30(2) 1 97-100. DOI: 10. 3760/
cma. j. issn. 2095-0160. 2012. 02. 001.
Tang SB. Appropriate selection of the managements based on the
understanding of diabetic macular edemal[ J]. Chin J Exp Ophthalmol,
2012,30(2) :97-100. DOI: 10. 3760/ cma. j. issn. 2095-0160. 2012.
02.001.

[3] Figueras-Roca M, Sala-Puigdollers A, Zarranz-Ventura J, et al.
Anatomic response to intravitreal dexamethasone implant and baseline
aqueous humor cytokine levels in diabetic macular edemal[ J]. Invest
Ophthalmol Vis Sci, 2019,60(5) : 1336-1343. DOI; 10. 1167/ iovs.
18-26215.

[4] Bonfiglio V,Reibaldi M, Pizzo A, et al. Dexamethasone for unresponsive
diabetic macular oedema: optical coherence tomography biomarkers
[J/OL]. Acta Ophthalmol,2019,97(4) : e540-e544[ 2019-06-10].
https ://pubined. ncbi. nlm. nih. gov/30318792/. DOI. 10. 1111/ aos.
13935.

[5] Karatas M, Ramirez JA, Ophir A. Diabetic vitreopapillary traction and
macular oedemal J]. Eye (Lond),2005,19(6) : 676-682. DOI: 10.
1038/sj. eye. 6701622.

[6] Wong Y,Steel D,Habib MS, et al. Vitreoretinal interface abnormalities
in patients treatedwith ranibizumab for diabetic macular oedemal J].
Graefe’s Arch Clin Exp Ophthalmol,2017,255(4) : 733-742. DOI.
10. 1007/s00417-016-3562-0.

[7] WuPC,Lai CH,Chen CL,et al. Optical coherence tomographic patterns
in diabetic macula edema can predict the effects of intravitreal
bevacizumab injection as primary treatment [ J ]. ] Ocul Pharmacol
Ther,2012,28( 1) :59-64. DOI:10. 1089/jop. 2011. 0070.

[8] Grewal DS, Hariprasad SM, Jaffe GJ. Role of Disorganization of retinal
inner layers as an optical coherence tomography biomarker in diabetic
and uveitic macular edema [ J ]. Ophthalmic Surg Lasers Imaging
Retina,2017,48(4) : 282-288. DOI: 10. 3928/23258160-20170329-
02.

[9] Nicholson L,Ramu J, Triantafyllopoulou I, et al. Diagnostic accuracy of
disorganization of the retinal inner layers in detecting macular capillary
non-perfusion in diabetic retinopathy[ J]. Clin Exp Ophthalmol, 2015,
43(8) :735-741.DOI.10. 1111/ceo. 12557.

[ 10]Spaide RF. Volume-rendered optical coherence tomography of diabetic
retinopathy pilot study [ J ]. Am J Ophthalmol, 2015, 160 ( 6) :
1200-1210. DOI:10. 1016/j. ajo. 2015. 09. 010.

[11]Sun JK,Lin MM, Lammer J, et al. Disorganization of the retinal inner
layers as a predictor of visual acuity in eyes with center-involved
diabetic macular edema [ J]. JAMA Ophthalmol, 2014, 132 ( 11) :
1309-1316. DOI:10. 1001/ jamaophthalmol. 2014. 2350.

[ 12]Maheshwary AS, Oster SF, Yuson RM, et al. The association between
percent disruption of the photoreceptor inner segment-outer segment
junction and visual acuity in diabetic macular edema [ J]. Am J
Ophthalmol ,2010,150( 1) : 63-67. el. DOI: 10. 1016/j. ajo. 2010.
01.039.

[13]Zur D,Tglicki M,Busch C,et al. OCT biomarkers as functional outcome
predictors in diabetic macular edema treated with dexamethasone
implant[ J]. Ophthalmology,2018,125(2) :267-275. DOI:10. 1016/
j. ophtha. 2017. 08. 031.

[ 14]Mori Y, Suzuma K, Uji A, et al. Restoration of foveal photoreceptors
after intravitreal ranibizumab injections for diabetic macular edema
[J/OL]. Sci Rep, 2016, 6 : 39161 [ 2019 -06— 17 ]. https://www.
ncbi. nlm. nih. gov/pubmed/27966644. DOI;10. 1038/srep39161.

[ 15] Curcio CA,Medeiros NE,Millican CL. Photoreceptor loss in age-related
macular degeneration[ J ]. Invest Ophthalmol Vis Sci, 1996,37(7) :
1236-1249.

[16]Huang XL, Song YP, Ding Q, et al. Evaluation of outer retinal
tubulations in diabetic macular edema underwent anti-VEGF treatment
[J].Int J Ophthalmol,2019,12(3) : 442 -450. DOIL. 10. 18240/ijo.
2019.03. 15.

[17]Bolz M, Schmidt-Exfurth U, Deak G, et al. Optical coherence
tomographic  hyperreflective foci: a morphologic sign of lipid
extravasation in diabetic macular edema [ J ]. Ophthalmology, 2009,
116(5) :914-920. DOI:10. 1016/j. ophtha. 2008. 12. 039.

[18]Lee H,Jang H,Choi YA, et al. Association between soluble CD14 in the
aqueous humor and hyperreflective foci on optical coherence tomography
in patients with diabetic macular edema[ J]. Invest Ophthalmol Vis
Sci,2018,59(2) : 715-721. DOI: 10. 1167/iovs. 17-23042.

[ 19] Vujosevic S, Torresin T, Bini S, et al. Imaging retinal inflammatory
biomarkers after intravitreal steroid and anti-VEGF treatment in diabetic
macular oedemal J]. Acta Ophthalmol,2017,95(5) : 464-471. DOI.;
10. 1111/a0s. 13294.

[20] Dedk GG, Bolz M, Ritter M, et al. A systematic correlation between
morphology and functional alterations in diabetic macular edemal[ J].
Invest Ophthalmol Vis Sci,2010,51(12) :6710-6714. DOI.10. 1167/
iovs. 09-5064.

[21] Vujosevic S, Torresin T, Berton M, et al. Diabetic macular edema with
and  without subfoveal neuroretinal detachment: two different
morphologic and functional entities[ J]. Am J Ophthalmol,2017, 181 :
149-155. DOI:10. 1016/j. ajo. 2017. 06. 026.

[22]Farinha C, Santos T, Marques IP, et al. OCT-leakage mapping: a new
automated method of OCT data analysis to identify and locate abnormal
fluid in retinal edemal J]. Ophthalmol Retina,2017,1(6) : 486—-496.
DOI:10. 1016/j. oret. 2017. 03. 004.

[23]Santos AR, Alves D, Santos T, et al. Measurements of retinal fluid by
optical coherence tomography leakage in diabetic macular edema: a
biomarker of visual acuity response to treatment [ J]. Retina, 2019,
39(1) :52-60. DOI.10. 1097/IAE. 0000000000001905.

[24]Nagaoka T, Kitaya N, Sugawara R, et al. Alteration of choroidal
circulation in the foveal region in patients with type 2 diabetes[J]. Br ]
Ophthalmol , 2004, 88 ( 8) : 1060 — 1063. DOI. 10. 1136/bjo. 2003.
035345.

[25]Unlii C, Erdogan G, Gunay BO, et al. Subfoveal choroidal thickness
changes after intravitreal bevacizumab injection for neovascular age-
related macular degeneration and diabetic macular edema [ J ]. Int
Ophthalmol ,2017,37(1) : 147-158. DOI.10. 1007/510792-016-0242-3.

[26]Kim JT, Lee DH, Joe SG, et al. Changes in choroidal thickness in
relation to the severity of retinopathy and macular edema in type 2
diabetic patients [ J ]. Invest Ophthalmol Vis Sci, 2013, 54 (5) :
3378-3384. DOI:10. 1167/iovs. 12-11503.

[27]Cao J,McLeod S, Merges CA, et al. Choriocapillaris degeneration and
related pathologic changes in human diabetic eyes [ J ]. Arch
Ophthalmol , 1998 ,116(5) : 589-597. DOI. 10. 1001/archopht. 116.
5.589.

[28] Gupta C,Tan R, Mishra C, et al. Choroidal structural analysis in eyes
with diabetic retinopathy and diabetic macular edema-A novel OCT
based imaging biomarker[ J/OL]. PLoS One,2018,13(12) : e0207435
[2019 - 06 - 17 ]. https://www. ncbi. nlm. nih. gov/pubmed/
30533048. DOI:10. 1371/journal. pone. 0207435.

CUSCR H 399:2020-02-17 &[] H 9] :2020-08-05 )

(AR 5K T)





