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Abstract

e AIM. To observe the changes of choroidal thickness
(CT) in diabetic patients with different stages of non-
proliferative diabetic retinopathy ( NPDR ) and then
investigate the relationship between CT and diabetic
retinopathy (DR), to assess the value of enhanced depth
imaging optical coherence tomography (EDI-OCT) in the
diagnosis of choroidopathy in early-stage DR.

e METHODS. A total of 85 eyes of 55 patients with type 2
diabetes mellitus (DM) were included in this study. The
patients were divided into three groups according to
China Clinical Guidelines of DR in 2014, including non-
diabetic retinopathy (NDR) group (28 eyes), mild and
moderate NPDR group (27 eyes), and severe NPDR

group (30 eyes). The control group included 24 normal
subjects (35 eyes). The best corrected visual acuity
(BCVA) and CT among normal eyes, and eyes with
NDR, mild/moderate NPDR and severe NPDR were
compared. Data were analyzed using SPSS 18.0.

¢ RESULTS: Visual changes: The median LogMAR BCVA
visions were 0. 00 in control group, 0.10 in NDR group,
0.15 in mild and moderate NPDR group and 0. 30 in
severe NPDR group, the difference between each group
was statistically significant ( P<0.01). The changes of CT
in diabetic patients with different stages of NPDR: CT in
the subfoveal area and T1, T3, N1, N3, S1, S3, 1 and I3
sites in the four groups were statistically significant ( F=
3.975, 3.365, 3.991, 4.290, 6.208, 5.079, 3.234, 2.907,
3.843, P<0.05). CT in the mild and moderate NPDR
group decreased and were thinner than the control
group, but CT in the severe NPDR group increased
significantly.

e CONCLUSION: CT in the mild and moderate NPDR
group decreased, but it increased significantly in the
severe NPDR group, suggesting DM affected not only
retina but choroids as well. The study hypothesizes that
the changes of CT may played an important role in the
progression of DR and the changes of CT had been
initiated before DR. This provides significance in the
early diagnosis of diabetic choroidopathy.

e KEYWORDS: choroid; optical coherence tomography;
non-proliferative diabetic
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B B9 . A5 I 3 A OB B 9 PR I FEE 4 ( non —proliferative
diabetic retinopathy , NPDR ) A~ [] 73 HH 1) 3% BE [X ik 2% J55 5
& ( choroidal thickness, CT) P24k, #2518 IR 9% ( diabetes
mellitus, DM) 8 & CT K 55 8% bR AL 9 15 72 ( diabetic
retinopathy , DR) % AE & Ji& 1) 5C 2%, WA IR JBE 1 otk iU AR 1Y
YA T 872 434 ( enhanced depth imaging optical coherence
tomography , EDI-OCT) 7£ 5.1 DRt Jik 2% JI5 5 72 1) 12 e
AR

T3k GEFEN P WRHAI2 O 2 AL DM BB 55 1] 85 IR 4%
2014 AEFR D BR o A0 00 595 72 i PR32 97 48 B 20 0 A v
# DM 453} JC DR(NDR) £H 19 {5 28 R, %% Fh FF NPDR
£ 16 {5127 R, L EZ NPDR 41 20 {41 30 HR , [R] i, e ) 30
TEH 3213 24 191 35 IRAE 0T RRAH b DU 4 22 a) e f
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S IEAL T (best corrected visual acuity, BCVA) | CT {H i) 2%
5t R SPSS18. 0 BT 8 it # o Hrab 3L
ZER . PUZH {7 BCVA ( LogMAR) 28 4k . X FE2H 4 0. 00,
NDR #H°4 0. 10, % 1 )& NPDR 41~ 0. 15, % J¥ NPDR 4
90.30, 082 % HA G122 L (P<0.01) , % DR
AR TR (W) N EE, BCVA Bk Bk 2% . AN 43 11 NPDR
WHEIX CT 284k . XF IR ZH NDR 2H % " ¥ NPDR 4 . &
NPDR 41 H.0> VTR T1 T3 N1 N3 ,S1.,S3 11 I3 £ % Ji o7
MCTHE, AMERHEARITFE L (F=3.975,
3.365.3.991.4.290 .6.208 .5.079 .3.234 2.907 3. 843,
) P<0.05) , A[E43r NPDR SR B d BE NPDR i B
X CT AB 8, v T 1E 8 AR, BlE A FE B, CT 20
HE,

518 A0 1 NPDR AR 42 B NPDR B BEX. CT
AR TR AR, BEE SRR N, CT A3 )%,
$E~ DM R8RS 9 28 H AN (SO I RS It 457 % AE s A8 ik
25 AR T BB 32 BN R R BE I 2, CT (928 fk 7 DR 19 &
Ak R R R —E/E R I ZE DR & A Z il BE
A CT 1ZE4k , X6 DM BB k46 i 22 i - B 2 g —
KRR L KA I 5 27 AH T W7 2 4 5 B 3 A= OB PR 95 40
IRK] i A
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S| A EORERE, RS B /INAT, 25, R 1 A RUBE R R 190 JIES 55 728
FECE BEBE X ok 4 M5 TR 1 if R DR . I B R Bk 24 7K 2018518
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UTAF R T BE 1 5 A5 B9 6 AR T I8 )2 494l ( enhanced
depth imaging optical coherence tomography, EDI-OCT) B
28R H AT I PR W92 88 JR 9% ( diabetes mellitus, DM ) f&
B KA BEAER DM H8 & ) 503 LA R W B s #1589
A7 ( diabetic retinopathy, DR) &k A B EEKE I
HEU HETEAE A —F O IR B AR R A HA BB
TEVR LSRRG 52 15 75 Dk 24 20 25 48 e A2, 5 BT LA
PEAT R BB ar B, B, G AR Ok KR AR A T IR ]
EDI-OCTill & B BE [X ik %% i )& B ( choroidal thickness,
CT) , WEE RS RIS B B0 AE . SR, XF T DM A
CT KA EREE AL H BT AR AR 18, AR SCR A W 1w F
FETT 1 AR 2016-02/12 WIIAAEFR BEATAH SCHR A6 4 1)
TR E WG IRGORL, Bt A 55 1 85 MRAF 4 2514k i 191 A
TE, BF 58 AN W) 43 51 NPDR F8 35 19 d5c A4 97 1E W 7 (best
corrected visual acuity, BCVA) | CT Hr LS, LIHE
I B AR VPN DK 28 25 A i A8 4515 DM CT 1948
L} 5 DR & AR R CE  PF4 EDI-OCT 7574 DR
S R ER I AL A2 B (L
LBSE Libap7
11 XR Rl L 5 07 ik . Wk 2016-02/12 1
BT IBHEI2 1K 2 B DM 3 55 1) 85 HRAN AT,
TEIUFY I #5238 24 9] 35 HRAMXF BB 4L, Fi A5 %A &
PR DU, HICMG R FR . HRAE 2014 4FF[FHE R Ak L I
AR I RIS Y7 A6 TS W W e 2R 4 43y 3 41 . NDR 4.
PR R TC I S L 0 S 8 201 19 9] 28 IR s B o
J¥ NPDR 20 - W% bR AL M s 22 1 300, 1T 30140 16 3] 27

2036

AR T B NPDR 2 4 bR i 490 I s A2 T 389 20 41 30 HR
HEBRARUE . (1) [FH A H A HR 20 &, 0o I s i Fok
BHZE AEW AR SCHE S BEAS P PDR AL 0 1585 48 | 7 265 e
ROEICIRSE; (2) F HAth 4 B o0 5, L4556 096 | 7%
ML LT EBEARIE 555 (3) A R TR S o i s 3, an ok 55
RUIBRFAR Sl J1iaY7 BB AR s v S0 R i R st
A LA 245 A IO G BE S 5 (4) BT Rl
B BRI T vE AT OCT Kt s G AN M ;5 (5) HRfl<
22mm Y > 25mm; (6) Il JE > 140/90mmHg ( 1mmHg =
0. 133kPa) , ARWFFELEARGE(CPEZE b1 it L,
1.2 i WEEMRN S — RGO, B FR M K
s M B AE TA ZREE T A 9:00 ~ 11:00 i
Fiki s SZ K 4R IE H AL, R A Spectralis OCT 1)
EDI 4 AR, 3 8K B 9mm (1947 15 2% BL 3 1 % s W 358
BEBE O 1Ak B 7K S RN 3R B ) R T A R A R
TR E T AR SR, R A A 2 52T IR BRGE EE AR R
BIMG K OCT ¥ £ itE — 25 32 30 32 K 3 AR B B 10 400 0 152
FEBEA O MR AL, DAL S R ol 917 R 4E 100
AR E B IR B OCT K&, K e A sl &
155 JE shis s N B AR AR bR R, T 3h I 4%
MR A5 A 28 - R 200 e Y S 2R A 2 2 DL s
2 N B A BEES, T E Z TR) A B D A 2 A fk 24 R TR
FEAAE

Giit2f BT . R SPSSI8. 0 Biit# i A7 88 12
AAATARER B IR R FH Pearson x* A6 56, X 11 ¢
B G IE 3 A0 B B R v 25 (x £ ) o, U4 L
iR B 2 7 22438 (ANOVA ) |, 40 18] 9 79 L 48 2647 )7
FEFTVERLI #5722 55 R F LSD—1 K, Wkl 5 22 A5%
Tamhane’s T2 Kz 5, X 11 5 %R FF A& 1E A& & 50 H b
DEEC (M) $5 38 43 A FRAE, DU 20 40 18] e %38 5% ] Kruskal -
Wallis H #4TH 5, P<0.05 HERH G55 L,
2HER
2.1 —PEEPMER DAL PER] IR B AE RS IRl R
FLLTRILE, 2R LG #E L (P>0.05) , LA 1
P(ED),
2.2 MERIEIRAILL 4
2.2 1 MEAZWEMALLE X4 NDR 4 B
NPDR 41 J% 5 J& NPDR 41" fii BCVA ( LogMAR) 43 51 4
0.00.0.10.0.15.0.30, VU4 Z K& BCVA tb#:, =2 H%H
it X (F=45.637,P<0.01) ,
222 MAZKEREMREXMAA CTELLE X
24 NDR 41 %% " & NPDR 41 . # J& NPDR 41 SFCT NI ,
N3 .T1.T3.S1.S3 11,13 £ %F b i &5 CT {8 b, 4H 8] 2
SEHAS ¥ E L (F=3.975.3.365.3.991 . 4.290 ,
6.208 5.079 3.234 2.907 3.843,3] P<0.05,%2). 5
R AA H  NDR 4 R HR CT &2 T RE#H 42 h BE NPDR
AR CT FREEIMM B R ERAREN LR, £ &
J& NPDR B} CT ZIHJE

SIE# % M4 NI N3 . T1 . T3.S1.S3.11 .13 {57 S 11
CT {H He4s , 52 h B NPDR 245 X A7 45 CT ¥IREAI%, H.2%
SYHAS ¥ L (P<0.05) ,NDR 4% T3 i 5 CT
FEAR H 22 5 A G248 L (P<0.05) , HiA4y N1 N3\ T1 |
S1.S3 11,13 fi s CT B IFFEAL, (HE R LRI FE X
(P=0.973 0. 863 .0. 362 .0. 069 0. 183 .0. 958 .0. 608 ) , F
Ji¥ NPDR #H N1 N3 | T1.T3.S1.S3 .11 .I3 {5 CT {8 5 %t
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F1 AR ARAFER R RELL R

215 PERI (B 2 ) RN CH/72, IR PR () PR (XEs, mm) IR E (X 1S mmHg)
X HEZH 12/12 20/15 57.5 22.94+0. 70 14. 80+2. 34
NDR 4 14/5 16/12 60 22.970. 87 15.11+3.20
2 NPDR H 8/8 14/13 60 23.2320. 59 15.28+3. 39
¥ NPDR H 11/9 16/14 60 22.90+0. 89 14. 48+2. 48

Y/F 2.989 0. 259 3.386 1. 009 0.393
P 0.393 0. 968 0.336 0. 391 0.758

X IR R E 32X

*2 NAZKHEFRRREMS CT EHEE (xS, um)

215 SFCT N1 N3 Tl T3 S1 S3 11 13

X HE A 302.00+56.32  264.80+54.80 169.34+37. 11 293.63+64.36 257.97+73.51 301.23+50.90 273.66+40.94 277.11+£59.48 233.31+43.48
NDR 41 278.25+102. 18 249.14+97.31 152.64+73.86 254.36+97.12 203.39+67.59 251.25+89.34 237.89+77.41 259.07+101.73 207.71+£82.22
e NPDR 41 246.19+68.86  211.70+66.22 131.15+42.39 226.89+58.30 192.04+42.74 248.48+64.17 232.74+65.51 226.22+60.12 188.89+53.21

¥ NPDR 41 311.07+80.97  272.40+91.52 188.63+94.01 280.00£86.40 241.10+81.79 299.73+77.06 272.83+80.13 284.40+97.07 237.70+69. 25
F 3.975 3.365 3.991 4.290 6.208 5.079 3.234 2.907 3.843
P 0.010 0.0241 0.010 0. 007 0. 001 0. 002 0. 025 0.038 0.012

TE IR FIIE 3230 SFCT . HC MR ks R B, N1 N3 R B PG ML Tmm 3mm AR k2 R EE , T1 T3 27 B HRoG ]
B 1mm 3mm bR BRREE ST .83 KRR BE A0 M B Imm 3mm A k& BB, 11 13 FRom B0 MR 5 Tmm 3mm &b ik 45 B

R

_ — % HE 41
350 ' NDR4!
% FEENPDR41L
— 7 J¥NPDR41
300 |
€ N |
3 250f NN\
Z:\>{
X 200f
R
=
150
100

SFICTI\i1 Nl3 TI1{\ ;I'I3 SI1 SI3 II1 IEZ

E1 AEREASA CT EMZEML  SFCT. .0 [N ik £ il &
JE N1 N3 7R BE A MG Tmm 3mm AR Bk 2% RS R T1 T3
FERE AL M 1mm 3mm Kb BRES SRS | S1.S3 F s i 0
M EJ 1mm, 3mm 20 k25 58 B, 1113 FRoR IR .0 MF 7
Imm 3mm Ab k&% PR

HEZH LA, A A 22 S o4 it 27 2 L (P =0.999 0. 880 ,
0. 980 .0. 948 .1.000.1. 000 1. 000 .1. 000 ) , £ NPDR # &
Fr %2 AR B NPDR 2H N1 N3 . T1.T3.S1.S3.11.13 58
NPDR 4 Fb#5 , [ S3 i s /M (P =0.230) , A% AV i 25 5
YHAGI2:E L (P<0.05) , WLIE 1, AR#FFEE K, 78
ANTA] 73 1 %) NPDR B8 3, Bk &6 TR 28 09 43 A 22 30K
SFCT f¢)& , S5, FEn 2 AL LA (R 2, K 1),
X5 Spaide [ Margolis %5 7E 1E # A Bf (4 BIF 5¢ 45 R
—5
3 iFit

DR 7EVF 2 [ 58 2 3 B0 07 iR Tk B B i i
DR7Y ke MBS 1 37 A 5, DA S0 2 0L 190 %) 85 R4
FE 3 S PR 6 I8 32 40 i 2 A 16 35 N7 HP ) I H I BT b T
4y 18 , Sakurai £E001 JE B PR O K 2% TR g AR ( diabetic

choroidopathy , DC) 7% T 4 R 9% #2895 728 R 6 41 1l 457 s
A DK ES R LA JR L A3 A 1 22 R A IR 48 21 4 | 52 W) AL
JERAH 28 S [ B Ik 24 B2 1 Y 35 52 3] ot 8 P 0 B ) 52
SECT RS I S BT AR A Y Ik s IR RE T B O
R BN B BE S A I KRR B, 7 DR & A BL
PR A G K 5 L5058 O W DM A2 1Y Jhk 285 J 1 9
SR S N g i

AHBFSE R NDR (B & 5% JALMI L, CT A T R
ARG T3 A CT 254 Gt 24 8 S0, 0 gl 22 73
TGt L, PG 5 Kk B, K W Dk 4% A 2R B [a] 42
IR (AT RE A AR AR X 1E H, R < B [ Jhk 2% B A0 PR 2 ek
A IR TR A B E B AR SR F s e 4k
2 B 15 5 (indocyanine green angiography, ICGA ) X R JiE R
RIS B DM B3 BEAT R A FRA R R B 5 (I
SR ICGA BT 1 91 F AR 59 9 O 5l 5t 8 48 3R 45 S
U A7 R IR R 722 v Ik 285 J5E g 72 B 1 0L 1) IS
A HYURHAERFST s DR R B K4 R A0 1
PR A LA 0 2 il PR A R AR T A B
TE AR IR A0 A BB 2, [ AR K IR AE
DR &A= Z Hil AT BE A Ik & B J5E 8 1) A2 Ak (iR 75 itk — 20
R 15, K BETDT .

ferb B NPDR FEHR CT 5550 B2 L 4 B A0 o, 70 2
EZRAGITFE L, F DR RS 5 AR ARG HIL ] i
ANERH A DC A ) 5 Bpi 28 28 2 s 22, 1 1) 32 S
L2 e A8 T RS BT SZRE A4 AE I Jok £ 6 il 4 4 ok D) fig 2
P, X OTE ik 2 AR i ) ok B R B — e AR Iz v i
BED RS (1 h 28 N 43 AR 5 2560, 30 DM AR R ok 245
RAEVE D B B 38 R I I Bl ) S, 28 i
AR A RIFE R TE S T A 453, Geyer 5T HE/R DR
LI Ik 245 B AL U D20 IOk 295 R gt i dke 4, P30 ok 4% g ke
A —2 T B A s BB G A E AL R S A
L, H RS % B T NPDR & K 4% B 25 24 1)
AR
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AWFFE KNG T NPDR £ 8 B NPDR % JE Y
AT CT BT B E A PG B S3 A S Ak, EEBEIX
Hp i CTEHES Y EAGIT#E X A5x4t
WESH TG %38 X, X 0] fE R A5 A 7
NPDR (B A7 — 2504, & L T S E E NPDR 41 S3
PEAS B CT (H 22 5 A it ~#3& X, 1M 5 NPDR R HR
CT 38 5 JE R ] BE 242 P B NPDR H 3 8 BEIX k2% AR
IR N T A AUk R A, B T AR P
A PR AR AR R 7 I KT, B80T RS BT A I 1Y) 7
He D e MR A 555 o ) BE O SR A el e s Ak & Y
Fryczkowski 25" 7EXF DM H 35 14 ik 45 B5E0F 5% vh 2% 81, DM
TR 2% I T 08 348 L PAS BH M S5 4 SR LR, A RE
PN B2 A 4] A2 488 S 5 2, Ik 8 F /N i 45 & Ak L,
R DM R B4 ok 245 5 1t 25 9 28 B (4t B4 6 R0 i
A ML A5 RE P50 3 2 3 ML A 3 P i, 4T LR AN B
B BN 200 5 2 LA 8] S5 495 228 TR N, 3 A i
B B, TRIBS, PR A I 2 A3 J I B o 24 T 2 2 i
5 S 3624 A RPE KOBIERZ 85 10 7% 00 i — 2508/ | 4k i
S AR AL Tl o8 ok 285 FE 1M 5 2 A 7 5 AR I 37 348
Savage AV s B NPDR SR 3 Ik 4% JE 1l 37k 12 4
i, DA PR LR # B T E R NPDR ik 2% 843 J5 A R A
ARSI R ICGA X EE NPDR A BIFSE b i & 3R 174 R
JRJE AR /N R0 e | 559 9 B < MR ™ RE A0 A5 ik 4%
PR AR ARBF T UESE T 2RSS 4 IR IR AR AR 24
MK BT T F 2 DB NPDR R 35 JDk 2 AT % A A TE 2522 2
A5 IR CT AR TE DR B % A & s 1 b ke 2 — 5
FEF, % DM HR 35 bk 4% I8 A8 i) R 2 W g — 2 & %
B,

B2 UL R R RN B R NPDR RAR CT 4E
BN 3 AR v B S AR R B AN, CT S &, X 5
T Kim 22 050 25 31— 80, % W M T 78 DR B A
A IR 11 A5 2 A 9 7 IOk 285 B ths T B 52 B AS R FE JE ) 3%
M, CT AR fEFE DR A9 &4 & S i B e 2 B4R,
B LA, DM H 51T EDI-OCT K65 2 X H: ok 4% 0 7% i 5 40
LW EA —ENS% 8 S HEM CT K748 1k BE W% S B 24 /i
DC HIRAETEN .

A L 8T 5T )R] s 19 A D, oK R AR b
NPDR R AR FE— 254321, AR 99 A 05 Wk 45 1 47 i =2 L R i
Wah 112 RN, OCT j2—MaE R AN Bl K 2,
EDI $ AR CT /00 52 1 A 7T BE, X T — 2b 75 2 W% ik
245 B 57 78 A (E SOGT 5| e s 5 39 ok S AS RE T 37 1Y)
B EDI-OCT Jo&E & — M dr ok A F Bt (H 459K
FETELL B . (1) % T PDR HR 5 10 Tk 4% 155, S R 58 e 1
B 4 71 Jk 245 555 DR A8 AL BR | T s 8 43 R 3 1 Tk 4%
IEFS R ME, (2)OCT Be= A Zhi & CT W MF, 7558 F
il AEAE— B EEE S M AR KA A A HTRE P it
S8 VA S Bl T S 1t B A A e R B TR 1, REE— 2B R R
DR (L EBEIX CT 1978 Ak S HLAH ¢ 52 i PR 28 1 AR, 3X
BT DM R 2 RIS B0 I R 2 T Bl 6 Al R I R AR 5

R H R S
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