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E =] B 55T 1 28 A 49 I 98 (Behget's uveitis, BU) I & A48 4= 1L 4 (neovascularization of the optic disc,
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Clinical and imaging characteristics of retinal

neovascularization secondary to Behget's uveitis
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(State Key Laboratory of Ophthalmology, Zhongshan Ophthalmic Center, Sun Yat-sen University, Guangdong Provincial Key Laboratory of
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Purpose: To investigate the clinical and imaging characteristics of retinal neovascularization of the optic disc (NVD)
and/or elsewhere in the retina (retinal neovascularization elsewhere, NVE) in eyes with Behget's uveitis (BU).
Methods: This retrospective analysis reviewed the clinical data and fundus imaging findings of patients diagnosed with
BU complicated by NVD and/or NVE from January 2022 to September 2024. Imaging modalities included fundus
photography, fluorescein fundus angiography (FFA), optical coherence tomography (OCT), and OCT angiography
(OCTA). The study analyzed the correlation between the areas of NVD and/or NVE and the modified posterior
segment inflammation scores, as well as retinal vascular leakage scores of the affected eyes. Results: The study included
27 patients (30 eyes) with an average age of 27.70 + 12.58 years and a gender ratio of approximately 1:1. Bilateral NVD
and/or NVE was observed in three patients (11%); 25 eyes (83%) had NVD, of which 17 eyes (57%) had only NVD
and 8 eyes (27%) had both NVD and NVE. Two eyes (7%) showed areas of retinal non-perfusion, and seven eyes (23%)
had concurrent vitreous hemorrhage. The average score for posterior segment inflammation on FFA was 20.93 + 4.37,
and the average score for vascular leakage was 7.57 + 1.25. There was a significant positive correlation between the area
of NVD and/or NVE and both the inflammation score (r,= 0.403, P = 0.027) and the vascular leakage score (r,= 0.518,
P =0.003). FFA and OCTA showed perfect agreement in detecting NVD and NVE (x = 1.0). Conclusion: NVD and/
or NVE in BU are not uncommon and are predominantly presented as NVD, mostly not associated with retinal non-
perfusion, likely induced by inflammatory factors related to BU.

Behget's uveitis; retinal neovascularization; neovascularization of the optic disc; multimodal imaging; inflammation
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(retinal neovascularization, RNV, 55 #5400 % B A=
IML%5 (neovascularization of the optic disc, NVD)Fl(&) Ml
DLAINIL IR BEHT A 1145 (retinal neovascularization elsewhere,
NVE), fH WAANVDE”, JAPNVDHE B K
AL 1A ARV I RNV

RNV & A FEAR R Ry At )8 54 1, i s
B M 95 8 0 JIE05 8 (proliferative diabetic retinopathy,
PDR) T Y ﬁ%ﬂﬂ‘(ﬁﬂ%(retinal vein occlusion, RVO) AR
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BUJ A RNVH] 5 [ R H i S AR i 55
ANRIEHR . BEABUIFARNVIZWI SR RO R IR
R LT 5 (fundus fluorescein angiography, FFA)@{B‘U%}?EE
MAFRIEE . JEEAE AR SO R BN .
[, FEAIS AT LA 5 RNVIE BUH DG Y 2 S A2 7E A
PORRTCHE T | AP I I 4 2 DA S B R MR s .l T
BUA S E K, FIHIFFABEUAE IS 2 B AT R
EECE W HiZk AR, HHAA R
FRYE. BfE JCRIPE A AH T W72 434 (optical coherence
tomography, OCT) K H: 1l 4 5 £ AR (OCT angiography,
OCTA)WINIL G R, LISGEAER) M UG H AR N
Fr, AARIEARIRIE M A SR AT BN ESE, HART
BV, OCTARYSTZ HURFITCARL I BRI A2 T T4
B R TR FZERNVIE S SRR , (HME TG BURL
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1 ARSHE

1.1 #RiEt

AHEFE A HT T 20224F 1 —20244FE9 H T i1l
FK2F P IR BL O HT2 6112 IBUIE ZRNVAY
TRk, WEEMTEPISH ARG R, SIEFER . T
Bl AR BRAE S DA S B AR TR LA, JRIE T
IR B A A5 R, 5 e EHT IE A0 T (best corrected
visual acuity, BCVA) . HRJEEF M (Visucam 524, %<+,
5% ) . FFA(Spectralis HRA, VFfltd, fE[E), OCTAHI
OCTA(BM-400k; [EIFEEITRHEARR AR, hE)S.

ARMFFEE AT LR 2 AR B O R 2R B By 2
HEAEEES : 2023KYP]116), 45T (BR/RFEREEF ).

1.2 WANSHERIRE

WARRUE . £5 5 E PRBD A 5T 2H 21 (International
Study Group for Behget's Disease, ISGBD) [ iZ K} PR
2 NBD, A7 WIRARIHA AR, FRAKI A BU
IR HNVDHI(BONVE, fFERLAT & 1) HABEH
T E T O O R AR i A R IR PR R,
PDR. RVO, Ealesfi§%5; 2)FFA., OCTHIOCTAZ KT
SERBRR B

1.3 HiEkE
1.3.1 FFA

RNVE XA bk S dob 7S A R0 o B e IR B
MR, FRPREAZOCR BN, R AP 5ER
§~10 min /i A HB S 2% G BR b R A FFA S A BU S |
AL AR J5 BEJAE DA S 9 VG 2R 145 131 (fluorescein vascular
leakage, FVL)IKFEbRIETE 4> R GE b4 T4k (& 1)[1271310 [
K AYFFARR J& Be RAE 7 R GE (HEBRRNVAH G20 ) LA
N4 = R B, BRI 3 A e A A R, IR
PRy vh o 1+ 53 LR v SR R i — 25 ) 4y
NGRIR . PEOARUE LR PPN o B A A e B 253 (0 ~
351 ANEIZEHRS BB BE A (1 ~ 453) o A0 10 5 of 7 2
BB ~34r) . MR B E (1 ~ 243),
L0 JE5 T 20 1145 JCHEVE (0 ~ 299) o PUNZRBR v R
gy PRI INAE e 8 S8 T (1 ~ 353) . PRI FEEE 41 1l
BB ~257). FVLWFRGEDAE . BBEAE L
PR RRE3ANFRAL Y FVL BREEFR 0 ~ 3 A TIF43 (JE o
gr, BEENY, RNy, EREN3SY). EREIEAE
i) SRR ol E P VAT VA A % w7 1 R 8 G L
HARN BRI SRR, « <0.05, KULH
AR —3t . b, 8t MR BRI FFA RIS T
fl R AT R, AN S A FR i A0 Do) S TG T
5%
1.32 OCTA

AT FEIR MR L B REAN (0 LA 0 24 mm x
20 mmi%,12 x 12 mma%6 mm x 6 mmAJOCTA en face[ %
XINVDHINVESAT VRN 734 o AWFFE T 2]
(Y2 A TS %E*ﬂmﬂﬁm?ﬁ[y\v\]ﬁ*ﬂ%(intemal
limiting membrane, ILM) 2| P MR )2 14 Y0 6] ) RN B 355 {4
ML Z OABEEE AR TS R ILM 2 [B] 4 X 3k o i 88 )2 1
(AT B T 535 I 1 i s NVD S T R 2L
KF, FARAE PGB AE A A KO AR SR, T
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R IAZ AU . [FR, EHERR T 5 0 XA
HERINVEREOL R, ARPFFEEEIT OCTAB IS 14 1M i
en face B #FF T NVD FINVE AL A I & (K1) . 5
ImageJ(Java 1.8.0_172, FEE)FAF#EAT504r, BEKEIE
e, I T A 2 B8R T H/AENVD
RO, JFEE L3R A ERYE. BEE,

RNV 515 % 51

ImageJ Y “T" DhRETHE Tt X B IR, JFidsR3
UM Z5 R 1P, SRR . BEJRiEd OCTA
en face G AT A DL R A T8, TR RNV
MITEAR, AP 72Kk . NVDHINVE A Al & 4%
R BRI RE, « <005, KUIHAR
S —3tE

Agyy CFITEN, mm2) =

OCTA en face 1% A% & 1l

SE - B e 2
Aocraen facerte O IR, mm?)

1 RNVERHNE., 2 EHFFARFERXEFFVLIES

Figure 1 Measurement of RNV areas, the modified FFA posterior segment inflammation & FVL scoring

IR FEAIRI (& (A) HEAT B R A FRARR S BeJAE FIEVLIT Sy LA KR FHOCTA BN I iien face B R HEATRNV AT BUIN & . %
FFARZ (A) B2 R A FRANR 5 BEJOE T2y . i L (20 + SRIBIME BB B I3 73 + ki PE UL IR B 40 4535 T2 o) =
7475 THEVLIPSr: MLy + EBREX 253 + FTAMM B N33 = 745 . OCTA BEIER M i en face EIZ S /RNVD I 505
(B), WFFEN AT Z LS T HA BNVD YL F(C).

Late-stage FFA image (A) demonstrating modified FFA posterior segment inflammation and FVL scores, along with RNV area measurement
using OCTA vitreous cavity blood flow en face imaging. The modified FFA posterior segment inflammation score for this FFA image (A) is
calculated as follows: diffuse optic disc staining (2 points) + diffuse perimacular leakage (3 points) + diffuse retinal capillary leakage (2 points) =
7 points; while the FVL score is: optic disc (2 points) + macular area (2 points) + peripheral retinal leakage (3 points) = 7 points. OCTA en face
image on vitreous blood flow layer reveals the morphological outline of NVD (B), with researchers manually delineating the boundaries of NVD
using a polygonal selection tool (C).

RNV = retinal neovascularization; FFA = fundus fluorescein angiography; FVL = fluorescein vascular leakage; OCTA = optical coherence
tomography angiography; NVD = neovascularization of the optic disc.

1.4 BEFEIT RS

AAHGEFR HISPSS 27.08 (A T8 s A . 1Sk
FEBRECHE 4 ) R - WUR e 3 i E AT T I A A
5, FFAIESH R EEE UV E CFAME £ friER
ZVECPIE + PRI ZE RN s AT A IESTES Y
Bls A S8 (953 i BE) 2R 5 S8 ) L4 % %5
H B XTEUE (7 43 ) IE KR . R H] Cohen's kappa
FZHOTAHFFAS OCTAZER MINVD FINVE J7 1 (1) — £
k. JFLAFFA R &A5ifE, 1T OCTAIZBINVDHINVEY
TRURPE RN RS o P VEE IS A T A R .
Spearman“FZAH SRS 15 73 HTRN VI A S FRANR 5 Be 4%

FEPEIP FIFVLITF /3 ARG . P < 0.0SHL R 225+ A GE
HEX.

2 #R

21 BEARER

BRI A27BIBUG FFRNVEH (30 HHR) .
HH131(48%), 1461 (52%) . WISHT A K
(27.70 +12.58) % (Ju [l : 11 ~57%). LN (1.56 +
0.93)4F(FE0.25 ~ 2.914F), i f347 /£ 20144FBD [F
PREFS NS BRE™, S EAIRANRBE, Horbrps
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t9725191(92.59%) , HEFHARIUZ 1201 (44.44% ), J2 I
522051 (81.48%) . A A EIAAURBU, 36(11%) &
FRHR KRNV, 2411(89%) & & FERRNV, 52
I A-F-2IBCVA I 2/ N AR O A XUE (logarithm of the
minimum angle of resolution, IogMAR)%:z/j? “H0.607 + 0.446.

2.2 BUFHZRNVHIZGREFE

BUJFARNVHEIR P, 2502 (83%)ANVD, Hr
170R (57%){ANVD (K2), 8HR(27%) A Bf A NVD Al
NVE(&13); SHE(17%){UANVE(Kl4). 7E13% 4 NVEHR
o, BT IR AR T AR AN S AN B A NVE (1]
3-4); AN2HR (15%) &I TR EINVE(ES), iYL
FEX2MR I NVE(7%) W & BUA AL OCH#E T, JCHETE
XA TR EREEAFNVE .. BUS RNV IR AU FFARR 5
BERAEVE B 1L ~ 2953, FH915554(2093 + 4.37)
4%s FVLIERIIERE NS ~ 943, P18 M(7.57 «
1.25)%5 . RNVIAALEY A7 504 3.03 mm® (PO 437 -
4.05 mm®), IAN, RNV 7HR (23%)4k % By B AR if (%
1), 7HRBEESIRFIM 345D, AR

£ 1 BUFHLRNVEISGIFE
Table 1 Imaging characteristics of RNV secondary to BU

FABHE Bl
NVD[n(%)] 25(83)
15 NVD 17(57)
NVD 4 Jf NVE 8(27)
A NVE[n(%)] 5(17)
FFA IR BERAEVESY / 43 11~29(20.93 + 4.37)
EVL ¥F4) / 5 5~9(7.57 + 1.25)
RNV [ /mm® 3.03(4.05)
TCHEVEX. [n(%)] 2(7)
BEERFRIL [n(%)] 7(23)

DRSS R BRI JURICPEME = Frifidn 22 )l
AL (U2 EE) 5 2)f IR PR R PR B KRR O v AR
{HERZE X BUE (A7)

1) Continuous variable data presentation: Range (mean *
standard deviation) or median (interquartile range). 2) Descriptive
variable data presentation: Absolute numbers or absolute numbers
(percentage).

BU = Behget's uveitis; RNV= retinal neovascularization;
NVD = neovascularization of the optic disc; NVE = retinal
neovascularization elsewhere; FFA = fundus fluorescein
angiography; FVL = fluorescein vascular leakage.

SRR TCHE E AR CRIRNY, AR AR R el
K AFFAR J5 BERIETE > (1, = 0.403, P = 0.027)FIFVLEFE
53(r,=0.518, P=0.003)Z ARG, HFVLIFHG
FEHR(F2).

FFA 5 OCTATERINVD FINVE J5 T 2 B 58 56—
B, « (HPA1.0. AN G X FFARIOCTA KIS
AP Hk R SE 2 —5. LIFFANEHRIE, OCTAZIK
NVDFINVEY R R AR B34 °100% . OCTAR
¥t BT A FRA SR FUNVD HINVESE ], OCTAB: % {Aen
face)Z THI T A RNVIEASHE 4 /R T MW, SFFAR/RAY
RNV——Xf i . RHROCT ] LIXLEE 2] T A RNV
TILM, JeiBSILMAHIE, KB A K TR AR .

3 Wi

MG X 27 BBU 1930 HIF A RNVIR 1 T
PRGN AR ISR FRE AL, 455 B /RBUF ARNVE
IR NVD R K IL(83%), FFA'S5 OCTAMYIE I A M i
en face RUZTEBUIE K FURNVIZ I 584 —2; BUIEK
RNV R ZH0C5 R BT T A ARG, (HRNVIEFRE
i K I FFARR 5 BESRAE T FIFVLIE /0 A0 G, $R
BUJRNVA: I EZEBURIE R &, NiX—IFKAEM
BEIANRT IR T EE S

AR I AT B 2 S 45 A o A v Y S AR B
R —, REAAE R A menfilig, Bk g stnT
REFRZEfEEY . EAS IR, RNVE AR SR B A
Ko FEARWFFEH, L2 HBUG IFRNVERIR (79) 7 i
NVETTEAMFAEAR M R TOHE T X, HAR IR RNVE R
BRI RETCHEE X, $2/RBUFH & FIRN V- HAB AL
DO I I P 3 P B I | JEe I RNV AT BEAS AN [R) A9 AL

3R 2 RNVERSFFARRGE R AE 5 FVLIT S B K1
Table 2 Correlation between RNV area, FFA posterior segment
inflammation scores and FVL scores

RNV A /mm’ r, P
FFA W5 B RAETESY / 43 0.403 0.027
EVL ¥4 / 43 0.518 0.003

1)1§ﬁﬁ3pearmang‘§§&*ﬁﬂ\é‘@ﬁgﬁo 2) S 5500 ) S ICTE T AN AR
KHIRNV .

1) Spearman's rank correlation test was used. 2) § represents RNV
not associated with retinal non-perfusion.

RNV = retinal neovascularization; FFA = fundus fluorescein
angiography; FVL = fluorescein vascular leakage.
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2 BURBIRIENVDH RN G RN
Figure 2 Multimodal imaging of NVD in eye with BU

BUMURPUFANVDZ AR R, AIFIRIEEI(A) . FIRAIFFA(B) . OCTARZML MR Ml ifien face[K{2(C) . OCTAH
I fien faceER(D) . IREI{R(E) . OCT B-scan(F). fEFWFEAH AT OIS B WAL 1 A EINVDRERE AT LS, i)
W81 . OCTA BRI Iien face KI{5CKE P LI T AYNVDIE A FE R S S8 B M T AT Sl /s o 58 (SR A L3l 2% PR3 il
T —4b 7 EHNVD, OCT i/RNVDAS SILMAH}E o

Multimodal imaging findings of a BU-affected eye with concurrent NVD only, including color fundus photography (A), early and late-stage
FFA (B), OCTA superficial retinal blood flow en face image (C), OCTA vitreous blood flow en face image (D), IR image (E), and OCT B-scan
(F). In the early-stage FFA, the loop-like vascular network morphology of NVD on and around the optic disc surface can be observed, with
significant leakage in the late stage. The OCTA vitreous blood flow en face image clearly and completely displays the morphological outline of
NVD on the internal limiting membrane (ILM). Purple arrows in the aforementioned images indicate the same NVD location across different
modalities. OCT reveals that the NVD remains connected to the ILM.

BU = Behget's uveitis; NVD = neovascularization of the optic disc; FFA = fundus fluorescein angiography; OCT = optical coherence

tomography; OCTA = OCT angiography; IR = infrared retinography; ILM = internal limiting membrane.

1 AAEHEMANIR B, EBUI KRNV H
iR, 87% RNV S BRTCHE X TC G, i Fe s il
RNV/EBURAEFE K 975 A58 Mt & BIBUTT & 1Y
RNV 5 24 B A FFARR J5 BE RAE FMFVLIT /3 2 1EAH
X, FRARRJG BE &5 MIFVLIT A2 T BUMIR IS
Bt RAEAKN, S5 & T EEITAk AL B 1 A 4% 1) 7™
B, RGBSRk sy, JF R BYRNVIFAER, X
AEEIL A BURIRNVY 3 2 i RAE 75 & A X PR P2t 1
HeHie . AAE W] REIR L AL 2 oF LR A B AR K
[ﬁ%(vascular endothelial growth factor, VEGF) ek, M
S B M E NI, AR, fAEBULE
DAY ) 260 46 RE 3 B BB AR 7S v R VEGE-A R ¥k B2 T
S ATREMEE TBURNVIIE L, Ak, AT
BUJ- & RNV SR A AE 3 B AARRLIN A LU A8 AR X A1
(23%) . FEEEREE; ML T, PDREEE T, SAEBY

HEARTRINL A & A 2 M 46% ~ 48%, TTIAERVOEEHT,
X — A2 H510% ~ 40% ) 3k 2% AR R FE ARAE K
B A [FIHL R T B A RINVES #1143 45 ] g
FEEZESE . SR, X — Bl — 2 Ao R 56
WE, PAPABASRIALE] T RNVASE A R AL
KIWILISRBURIAIF A2 B iR . N T b
TR S R K AN BRI, 30 8 B of P e
OHIR, A AEEE . BaTLA AT RS . STk,
AW AR R AE IR 25 W A6y T s A
TR0, A, TIE a-22WBH THEHIBU A IE
FFEAAED LGRS s, FEAAEAEN] Y
FR I ICTHE I B U & FORNV T2 A e 8 1934
I7 (CAnpE Rz B R . AR AT R o 55) HA R4
RS20 I TRTIE SEBU I & RNV S8 iE %
YIFHSE . X TR SO O R TR BUI & 5 e
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3 BUBRMRIZNVDHMINVEH SEXHERI

Figure 3 Multimodal imaging of NVD and NVE in eye with BU

BU IR [F] I I A NVDHINVEL AL LI . RIS (A): BEOHT S ALE 7 k73 BIFR7R TNVDFINVE; HHFFA(B) ]
LIWZEEINVDFHINVER B B2 ; OCTAZRZ M fien face &£ (C) . OCTABE IS A M ifien face (R (D) . IREMZ(E): Trn
NVDHINVERFE T . BRER I ien face KI5 il HHVEMT . OCT B-scan(F): R (H7 Sk (o7 FIBRS (57 3k ) B4 78 IUNVD R
3 S O P B (555 ) TS AONVERIZE DY 1 ILMIF M BB AN 1 s OCT B-scan(G): £L (%G (W AIB. €. DXEPLL
Tk ) B RNVESS (A5 FRAE T

Multimodal imaging findings of a BU-affected eye with concurrent NVD and NVE. Color fundus photography (A): Orange and blue arrows
indicate NVD and NVE, respectively. Mid-phase FFA (B): Significant leakage from both NVD and NVE can be observed. OCTA superficial
retinal blood flow en face image (C), OCTA vitreous blood flow en face image (D), and IR image (E): The outlines of NVD and NVE are
displayed, with the vitreous blood flow en face image providing the most direct and clear visualization. OCT B-scan (F): The orange arrow
(corresponding to the orange arrow in Figure E) indicates NVD, while the blue arrow (corresponding to the blue arrow in Figure E) indicates
NVE, both of which have breached the ILM and extended into the vitreous cavity. OCT B-scan (G): The red arrow (corresponding to the red
arrows in Figures B, C, D, and E) shows the posterior hyaloid membrane extension of NVE.

BU = Behget's uveitis; NVD = neovascularization of the optic disc; NVE = retinal neovascularization elsewhere; FFA = fundus fluorescein
angiography; OCT = optical coherence tomography; OCTA = OCT angiography; IR = infrared retinography; ILM = internal limiting
membrane.

AR ARNVISRCRAFAEFL, AEIR) T T BAXT =
ARSI ST R A R AT AT R RIRNY - T A A
FEMRRACA /N P RNV R AR X 339 7 A ™ 7
e, XA IR BEICHETE A BUIF K HIRNVY, - SAEAT)
AREN BRI RN R, FXIBUAS BRI T
AR IX FTF RAE B CRT T SRS

BUF- A (I RAERNVYS A T UL sl ML I 20 DX
X A e ML DR A R IR AR IS M A G . AL Y
e e i 4 AR L Y HRBR A R 2EIE, AP e SRR 0
ARG, MAERER, EBUIMLE R Y22
£, PTREA R A RAE N T RECRIER 4R 5 Rl R K
R PRI G e, SERET R, JAE e T RERI
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Figure 4 Multimodal imaging of NVE in eye with BU
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Multimodal imaging of NVE in a BU patient's eye, including color fundus photography (A), early and late phase FFA (B), OCTA superficial
retinal blood flow en face image (C), OCTA vitreous blood flow en face image (D), IR image (E), and OCT B-scan (F). Significant leakage from
NVE can be observed at the superotemporal vascular arcade in both early and late phase FFA. The OCTA superficial retinal blood flow en face
image and IR image do not clearly show the outline of NVE, while the OCTA vitreous blood flow en face image clearly displays the contour
of NVE. Red arrows in each image indicate the same location of NVE. The OCT B-scan shows that the NVE in the vitreous cavity remains
connected to the ILM.

BU = Behget's uveitis; NVE = retinal neovascularization elsewhere; FFA = fundus fluorescein angiography; OCT = optical coherence

tomography; OCTA = OCT angiography; IR = infrared retinography; ILM = internal limiting membrane.
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Figure S Multimodal imaging of NVD on the optic disc surface and NVE in the inferior temporal periphery region in Eye with BU
YT (A) R0 (B) FIFFARE R 157 TALAE 2R ANV (BT (7 3k ) FIBBH_E R I AR NVE (L0 #5358 e SR TCHETELX., IRE
TR (C). OCTAZE)Z AWM IE I i en face A (D) . OCTABLEEIA I ifien face IR (B) s T FRLELINVD (BT (4155 3k ) S BT .
Early (A) and late (B) phase FFA images demonstrate leakage from NVD at the superior margin of the optic disc (yellow arrow) and NVE in the
superotemporal periphery (red arrow), as well as peripheral nonperfusion. Color fundus photography (C), OCTA superficial retinal blood flow
en face image (D), and OCTA vitreous blood flow en face image (E) display the contour of NVD located on the optic disc (yellow arrow).

BU = Behget's uveitis; NVD = neovascularization of the optic disc; NVE = retinal neovascularization elsewhere; FFA = fundus fluorescein

angiography; OCTA = OCT angiography.
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