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Abstract

e Diabetic retinopathy ( DR ), the most common

microvascular complication of diabetes, has become a
leading cause of visual impairment and blindness across
all age groups. The early diagnosis and severity
assessment of DR rely on the precise evaluation of retinal
microvascular alterations. The periarterial capillary - free
zone ( paCFZ ), a physiological avascular region
surrounding retinal arteries, has recently been recognized
as an important biomarker reflecting the status of retinal
microcirculation.  Advances in  optical coherence
tomography angiography ( OCTA ) have enabled
noninvasive, high-resolution quantification of the paCFZ,
offering a novel approach for the early detection and
stratification of DR. This review systematically summarizes
the definition and developmental mechanism of the
paCFZ, as well as its morphological characteristics across
different stages of DR, with a particular focus on the
advantages of OCTA in visualizing and quantifying the
paCFZ. We further discuss the differential manifestations
of the paCFZ in nonproliferative DR and proliferative DR,
and its associations with retinal ischemia and oxygenation
status. In addition, the potential clinical value of paCFZ in
evaluating responses to anti-vascular endothelial growth
factor (VEGF) therapy and predicting disease progression
is summarized. Finally, the challenges in clinical
translation and future research directions are addressed,
aiming to provide theoretical support and new
perspectives for early screening, risk stratification, and
personalized management of DR.
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Li 261 B RIF 5 & PR ™ F AR 186 1 B DR 9 PR I 5 5 AR
( nonproliferative diabetic retinopathy , NPDR) £ IR 7£ 45 4 R
(1) paCFZ $5c K 5 BE 45 11 FR 4 W 35 K T X IR 4L, 30T
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paCFZ 5 DR ™5 2 B 1 SIS AE T 8 U1 i AL ik 3%

paCFZ FY T A5 4k 55 DR A /™ 5 F2 B 2 1E AH 3¢,
paCFZ ] {4 DR i & i A W24 hn > nl 1 DR
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I 25 T X7, A AEUER S e R R A P 2L
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B DR ARAE 1 DM B3 R al WLy R $E R e
DR LA WS I () B8RP E AL T FAZ, Li 257 i BIF 5% & 30 ™
i NPDR B HR ) paCFZ THI U IE # AR G 2534 K 38 1 42 R
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FERH IR 25 0T B A7 B i A5 45 44 K Jmy 33 48043 e 104 A B 1A
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FAEYIAREY B E T A, paCFZ 5 K 58 B 248 1L W it
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MR ) I 3 DR 285 R Al I A6 % B 1) B b, i PEA
O D) FE ARG A0 1) fe B R 00, DR L AE DM A o 86 R e PR 9

I 5 R B A D0 i A AR fE i 5T T L W R R X, HAE
DR Y725 AL AR b T 2401 paCFZ 1 AR A8 AL BE R 43, 7E 3R
BNV RE ST T B ARG PR AR S R T o HLA A
S,
3 paCFZ AR &z DR 93 5 52 A
3.1 paCFZ 7£ NPDR H TS {L 45 4E W0 0 I 8 flk— 2
HARIT Y paCFZ 11 T8 i b — 2 43 32 4B 1Y paCFZ %5,
X B — M G AR AR Y 25 S DL R AR
AREE A B P B W AT D6 i AR A B T TR A0
221 paCFZ SHULE AL R A5 52 B8 19 A B AN Xk 49 A
TEfE BEHR B R 4 BR A paCFZ 1 LAY R 0. 054 +
0.016 mm® , H: %8 B 5 80 ik A2 1 LU B4 0.98+0.28, 2 i
FNTFET LN 0.084£0.021 mm* 1 1.75+0.35, SR,
£ NPDR RAE T, F 2R paCFZ SR B — 01 B
SRR, TR 0 A B AR X AR A3 A A 2k Tk 5 X ke
T NPDR Hf J& o flf I 5 95 748 (%) 5k 18 PR R AIE, 3X 5 Mase
AP HIRE — B0, R S BRA T oL MR T, Hph &2 £F
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M) paCFZ T B B, K P AN X Ak e e i 4 A
G B 2 (A1 0 A v A 4 R AT RE N TR), X 5 — 2k
WFFE B (-7 AR ) shlik B 3 KT & (
JIFNE J5) 3h Bk B AR B M) R A R TR
(PO,) M AT FEAS R 2 BR 2 0] 4776 Wk 3 22 5 — B,

TE NPDR [ B, W o) B 6 4 1L %5 %% & (vessel density,
VD) & BT K%, paCFZ FF 1R H B0 42 B H 0] 5t 0 10 245 44 1
Ak ORI ERE T R I R IE S . . DCP [ VD T
%5 DR Byt e 2 U A OC , $2 78 DCP A9V 1 sk 20 ] B 2
DR R 5 — M UEFERR Y, B NPDR 15 Ak, JL
MR VD 76 NPDR £ 5 H 35 % T {d 5 XF FE 41, paCFZ
B TR AR T R, 29 5 e 2B 2 1 A5 A ZE B ot i o e
FLBf DR ™S FE B3 I 2 IE A5 T B 3 3R 6 28
VRIS ) R Bt s R a0 T RS AL

MIRHHLE A B | paCFZ HIPK 75 5 NPDR A% #1
AL AU AR A DI O g R AT I 0 it
S AL 43I0, Bead T B A0 I A N 2% T 1) TGV T DX, A
R J A0 TR S5 22 £ 2 ) A0 Do OB i A8 v 443 s v - fE 5 ke
R R R 100 P o 28 6 3 17 e Bk S 2 FE AR G A v, L
Wi 5 4 ) 3 725 %) 7 B R B N, R Ak SRR RN R A T, 4R
IR A A ] S 8L paCFZ T 2485 & AR M ok A8,
NPDR £ 097 5 B paCFZ 5 A 55 2 1 1 AR L &% 1 FH
5ok AR U B R TIEH 20 . Hik, Mg s
M HRJEC 4 1ML 2 1 S5 245 #4228 Sk 6k NPDR 1474330 1)
730, paCFZ R8T 5 Ay S50 FIE B A 38 A |, 35X o 4130
S NPDR £E 25100 o I v 5 i 0 1 ml S4B
3.2 paCFZ 7Ei8sE MR R A MR T h RN 514
MME  BEE DR JERE S IG5 B B, 0 B0 2 0 1 s
T HF e, BN A JCRE v E K s Yk, R R,
DR B3 1Y TG HE 7 X T R 2 5 17 7 2R B T a2 i K
HL7E 3 58 PR B TR % A B 9% ZE ( proliferative  diabetic
retinopathy , PDR) [y Bt 55 i1 &2 3 %Y PDR R % A1 ] it
JCHEVE MR AR T E BF NPDR MR, 25 5% 2 W T4, M
JE W TCRE AR TC W 22 5 Rk, AR A A0 D R IG E
DX T R B AR F- & PDR (s @ & ™ Silva % %
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R, AR TCHE T XA 8 K508 A I Y i VTR G,
ZJ) DR [n] PDR #F R EZ L, X — &5 ER e T8
A LA T ML ORI T 45 SR A — 3k

TE DR WY FTAT B B, 30T 20 kol 7 =6 440 i 7 DG 0 A T
TR T O], 9 b s =6 4 1455 T 1 ] REAE sl bk Al B 30
TR K, sh ik i 48 52 2258 DR L4595 78 118 &2 9 AL
A2, A% & DR ™ EFERE , JCHE T X s/ 1) s IR A 1
HABKW AV o, 4058 & B, ah s 2%
ARSI DR R T A0 I R /D B RS- Ui LA i
T e, B 2 G X U T L ) G E O X
P T 30 bk A A R 240 e RSP i LA AR B 25 2k S5 B0 H
ST DIRE M Z B, AT T T P Ry kb v I R 6 4 i
R S KA A8 AT LA w3 1L ;3 NS ] i 1 6 I 3 JE
FGL SN kIR TE 1%, i LA 2E P Rz 4 A T S B0 B A0 ML
74 o Li 2510 % B NPDR 240 8 % R 1 sh ik 4
70.83+11.58 wm, &% TE41H 86.90+10.52 pum, &
B ™ E NPDR BB C H B0 e afi =0 %) 1 8 7 285 ek
A5 o X B paCFZ 3 KA B o ko 75 s =X 5 S04 /R 2547
PR B B Y0 I P4 ZE RN I Bl I, P DA B IR, 295 AR
HEJE 2 PDR BBt , 3 Ff it o 4 sl A o 0k — 25 T fal

Zi I, PDR BBt paCFZ (1) 1 A2 FN B2 K 58 B 1 W 35 K
F NPDR KB, H 5%t R % U1 A5, i OCTA Xt
paCFZ Z5 kA7 /AL 20 A, TR 51 PDR By B 0 i 2 1Y
FEEFRRE XGRS 4 )2 5 T BT RO T R 4R T
FANE,
3.3 paCFZ 5 DR G RBITIEFR 0N B 1L 45 0 98 Fn 2y
REAE Ak ] AE Eb I IR K 2 ol IR IS BB AR BT 35 7 ) 2
I A I 4 R 8 X BRI AS R AE 4 B AT LA
AL X SR AR T AE T Y AT DR MG R 2, i
/INBJ ik 2 25 B I 1T B 40 1A =2 18D 0 B R T L LR P B )
TR I B 2 DM PR s BB T REAE AR TR AR Bkl TG B AN
I A8° X 0] LAAE S 2 I R B SR VAR DR 9 E R, &l
AR ULV E AW E AW AR R Y . JE A TG B 40 I A
XA AR AR T LS ipun M A X S8 hn s A [, LATS
BRI ATIAYY DR BT T paCFZ B BF 588 40 F
¥R BY BE, & T paCFZ #5455 DR IG Y7 B R A C A WF 5%

MR AR AL Ge bR 1, 3 B0 A0 BT A 145 (NVE) 5060 &
B MLAS (NVD) BISE SCA 38 58 300 05 DR s 400 0 s 4 . 47
BRSO S A i, W JE F R fe PDR, XA
NVD [fiiJG NVE (HRJE R B, $2 7R 58 AR5 Rl 174 490 o J6s e 1.
X, Hil i RS, 500 NVE (HIRAH L, 3 R AT
R T 7 2L 4 L ) SO Y BEIRY (PRP) Bl 25 B8 DR P
WK AYPT VEGF J7 i B, 7E 3232 91 VEGF 1897 1Y
AR Hr BHA B A it A5 18 1% B8 L, 8] o g . v R 1ot 2 /0
BRI FR (disc area, DA) BEF B EE X, JTHEZSRKH
Do S B 1f e AR i 100 DA B 2572 15t VEGF 3697, 75
PEATEE VIR T L
4 paCFZ I Bk Mz FA T Il B9 9k %

RAEHFFERW] paCFZ S35 DR ™ i FL B2 i iU g
b, AEECI R N AT TG PR AR, B 2 U T LY R A%
DML Bl ok i 4840 R 300 61 B 4 a4 A A ) A B e B
R e e i S A o B A T Y R, R 2 T B
= G — B EFRAE , AR OCTA BE45 54007 7 B S 8k 4 1
SEIFAER K B T H AR AL FH Y e Ak, HOATIE S £
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VT REWT T AT ST, B = AT 1 BA S B S IE S H B DR
JEANGST BV BIRRE . A W58 75 B ) T #E b oA DU
ML, JF S N TR eSS 2 b0 9l 1m Bl 56
paCFZ 7£ DR AL KU B P G LR AR (L
5N

DR J& 4R W 0 2 I DR 2 — | HCARRAE 2 A 9 il
TEI A LS NI BE R AL . P Bk 1M 2 DR o JE RO AZ .0
o LIt A 22— | LR AR R A IR T T A i A B 2 O 7 i 2L
R J B R AN R o ot R o B a5 B0 A3 Y AR KA
T 22 TT R A 32 A0, DL AR I A AR U T (40 VEGF) B9
FEAASEIN R BFSE AL IR RS 0L R AE XS T T % DR
TR A B 005 (R PR 2 DG T2 R Ao AR T T2 il
& 1% (ultra—wide optical coherence tomography angiography
imaging, UWOCTA ) BEAETE LRA75 i (14 1L 45 73 HE SR A i 4
T, DA A AR I T I R Bk 2y 1000 4k 5
158 FFA Je 78 AUBF OCTA X LAAG: I 14 490 190 S £ 1ff 4
JEI 0 E A 5 TEHE A X 3 g A TR ST paCFZ
1E NPDR 5 PDR £ Wy B sh 2528 b #a | 4 7 B 0 30
I SZ R RHIE . paCFZ B TE 245 27 R ik B v U
HEE M, AN DR R A5 2 30 D0 AY BRAR AR W)
WY, 458 OCTA 5 AN TR BRI KT K& A shil &
48, 52 paCFZ S5 R B g AR fe Al | #E3h DR #Y
LI B Shi2 W 1) 2 sh B0 5+ T A D PR R
o FRDRG HE 7 T 412 (AL B SR

) 35 i SRR A SORNAAAE R 2 R

YEE Tk B 2R 2RI SO S B 0 MR RS 51— LS
BRAGL 2R 5 B RIS 5 18 SCIB WO S o Bl 5 BT A AR Bl 1320
=822 35 & N

SE 3k
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