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1. XEEI

o JE I SEE T UR E IR AR DGR AR SRR E AN 2 AR 2RI, B B R LR R . ZH SO
FE ML, LI AR AP E B BEAR 4 (age-related macular degeneration, AMD) /A Kt Fé Hh i PR L <
2. EMELRH

o MR AMD [ OCHIILELAL , FURMIEZ — G AR SN2 S I M B, BRI E ARG TR
ARG, Hi BT G R LA SRR T L rh i i 2 S B A
3. BNEHE

o ARSCEFXS LA IR B AR TR ARG B . RS S In K B AT 2R3E, QU NR BB SLAE IR I 2 A S R 0
AMD J3 SIHLE 0 8 2 B S, A B TR AR & IR AR G TR I R S 18R, SR8 AMD 19T HRG
FrHREHT R

i E] HIR P 8 A S AF I8 R S P 1 B A 1 (age-related macular degeneration, AMD) & A= FIE 1) = O PR
i, FELHLURIS: b TR PR IR B M 2548 . &S 5B% (Bruch's membrane, BrM) 3 /& ) K 100 %
REAA 2R I 7 (vetinal pigment epithelium, RPE) 574 . BrM¥EJET] t Z R IR IS 2L TR RS L, EAMDY
SREIHLE T B EEAER . Hop, R EZTUERY) (basal laminar deposit, BLamD){C 3 T RPEI]L T IE A 5K
PR, A — R IR AL o 17 AR PRI 5 A IR T At S5 PP i 5k 32 AU RPESE IR
TR, BIELIRLEPETURY (basal linear deposits, BLinD) FIAPEBE IS BLPE, 20T 2 50EIR KA 5 4NZ
R B AR s, T MONE MG B4R AL, JEAMD R EE S B . AP
JRE FH oA T A, 2 W T IE R EAIRIE s 3R B DR e R RPEAE I Jay kM 45 T IR0 S A 45
A, MREER IS R B AR, (R RS T, B 2 B AR BT INR
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TR T B B PR UER S (subretinal drusenoid deposit, SDD) RIDGRAIIFSY,, H2A FRPE T AYTT
Wy, TEAMD G L IR BAT R 205 5o SCHRERIL LR IR IS 2 ARH DT AR (0 455 fl P 30 g 5 K 6 i 3%
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Pathology, multimodal imaging and clinical
significance of age-related fundus deposits
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Fundus aging is a key factor and pathological basis for the development and progression of age-related macular
degeneration (AMD), which is histopathologically characterized by choroidal capillary atrophy, Bruch’s membrane
(BrM) thickening, and abnormalities of retinal pigment epithelium (RPE). BrM thickening can be induced by the
aggregation of age-related fundus deposits and plays an essential role in the pathogenesis of AMD. Basal laminar
deposits (BLamD) represent diffuse thickening of the basement membrane of RPE, usually considered to be a normal
fundus aging. Basal linear deposits (BLinD) and soft drusen, mainly composed of neutral lipids such as esterified and
unesterified cholesterol, can disrupt the homeostasis of material exchange between the choroid and the outer retina,
resulting in ischemia, hypoxia, and oxidative stress in the outer retina, which are important pathological changes in the
early AMD. Hard drusen is mainly distributed in the peripheral retina and is very common in aging fundus; Cuticular
drusen are resulted from focal nodular thickening of the basement membrane of RPE, with similar appearance as hard
drusen, but mainly distributed in the posterior pole and more numerous and denser. Recently, our understanding of
subretinal drusenoid deposits (SDD), deposits above the RPE, has been gradually deepened and it also has profound
significance in the pathogenesis of AMD. In this review, we presented the pathologic features and multimodal imaging of
age-related fundus deposits (including hard drusen and cuticular drusen), aiming to help recognize and understand the
manifestations, pathologic features, and formation mechanisms of these deposits, as well as their clinical significance in
the development and progression of AMD.

fundus aging; age-related macular degeneration; lipid deposits; soft drusen; pathology; multimodal imaging
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AR R A HE AL 1 (age-related macular degeneration,
AMD) & E4F N EEMBECE IR 2 —, H AL
W ANSERTEAE o B AR 9 Tt 3 A AR 2 Al 2
AMD % Az J it JiE (1) 5 e DR 28 R BRI LA
5ERW, HAMDAHCHYIR I & b 2 B A 2
POJEE, 045 DRES BB A0 M4 2540 . A BRI (Bruch's
membrane, BrM) Tt JEE DL R A R A 2R (retinal
pigment epithelium, RPE)%""MI%L'[Z] o BB IE ALY AMD
B RIAbR TR AR, BrMI RS IR LA S i BT
FU R AMD B LA i) S Il R B S, FEAMD I & AR
KMt EAEEE X, MEZRESZRERIA
Wik Jie, Z5GASUREATT, MR A RHIRIK &1
AT AR B ETR A, FERHAEAMD & Hl
il v Y B MR B T AR OB AR A S 2 A
P e | 4 A R, R IR IS B A A DG DT
PR BARAE . 2RISR R IR E XL, I
BET IO ARAI S TT [ F2 B R 2R

1 SMNER MR R R IER EE S

L PR RIIE S R 1022540, ARSI AR
UCHRPESZ . JURZAR)Z . SNFUEL. SMZZE . SR AR
JZ. NRZZ . WACRIZE . PR A i)z . P et e
JERIPY LR 8 H ASPIRZ - RS R T
WAL R AR5 M A TR (L) RN 2N, i F4h
JZ A0 I 1) D' SR A2 s -RPE - K 265 56 A4 1l 78 5 5 A /2
Z: 5MSEIE R OCHSE M, KBRS, 5%
AR S . IR DL B AR B A D RE S,
DI SZ A AL 45 17 DT AL E B HLAT 4 A £ T 2 € %
A0S Sy B DL, A L2 20:1 RPE
HI BRI AL (R B AN AT 2 A, A o)A X i
e, Z 5N NGRS, RSN E L
Jk B2 0] ) T Ae 457 . RPEAH IO i e sz
#7157 (photoreceptor outersegments, OS), AEIET Wi i
7508 I AT B T AR AL AERF B . RPEAE
LRI BeM , PR BV Ry SJRANH, AL
FERPEILENE . WIRIF)Z . )2 SN BRZE FIk %
JESB AN AT R, BrMOA [ E SCHERPEAIIKZS 56
AIMAE, DAL AR RR M 2RI Rk 2 FRATG B8] Y £
AR A KA SR

2 HAREEZALHERITIR

MRS 2 AT e o B2y | 32 B3 B A Dk 465 55 6 40 1.

BN . BeMIE LRPESH . BrMBg R X -4
& 7 Z R IR B ST e L, H 202 H
FHe Y R S S R — i, I
AT 5 B AE S AR, 5 — 5T, R
JIE 5T 25 BEL ik &7 2 400 19X B 55 ik 4% AT B 22 1] 114 ) Joa 2
o, SIERAMNZ OIS . SR, B0 N A
A ¥ (vascular endothelial growth factor, VEGF) %5 "/
Wz, #—ARERPEADEIRZ A, R E AL
UURITE B 5 RPE S8 LA Mk BB 40 1 45 25 40 34
KRV, RPEAIMIAY 2 &M I REZELZ ™ A 41 ok
DURRY),  BAMDREAE P g 3 2l A8 A AR I BT 7E , 1T B
IR A L I Bk 246 F5E T 400 L 2R 4 2 - BURPE A
MR A i B sk Jok 285 JIESAE B4 17 3% T 228 ¥ AR 5
FEBrM™, 3 FRPEFIBIMZ 8] 1) 53 % UG RPE
TULR, AL SRS 2 DY) (basal laminar deposit,
BLamD) . FERALMUTFRY) (basal linear deposits, BLinD)
FIFLHTIA (Pre-BLinD), DA M AMDAESE 5 X I 1bR
PEVURY — BB e (K 1) o b, B Al 4E
REPEBE S IE . R B IS E, LA S PTA T RPE |
J7 AR I BT B B FESDE A U A ) (subretinal drusenoid
deposit, SDD) ( 1) &5, ASCRE SN2 Fik JLEIR
AR TR ()95 BRARAE , AR 3R
N7 =

2.1 BLamD

BLamD#% 1A A /& RPEZH i i i 5 RPE I JIK il 2
()34 2 B A AP T, 2B SRR AR 1 S A 4R
B RA R, A TR AR A B AR E [ P A 3 5F
A BA N AR R T RPESE B A Rk 18
PEREJEL 8 HAE R —FPE R IR kA, AT T
Ko ZAFEN o BLamDEIRE M/ AR, 0] THBEX
TRV 10 5400 D B R Z 2], I B S i RPEAH A Y
PR 2R N E T & BLamD, A%
M. EIRRE LA RO AR 5452 BLamDHR AT A7
TEF—SeR B AT, QR A& R I A8 1 AT Sorsby
IR E IR A R p50% ™™, Ak, BLamD7EAMD A
IR aER 20, BIFAEAMDRYER G2, HE %
I B RPE-5 L3 i 5% ] 45 J52 A1) 14 62 2 R AR )
(El2B. D. F). CurcioZ#Z I A4l BLamD Y ZH 2!
AR L B BLamD | W BLamD R4 2L 1
BLamD%5 ™ A HR R AG: A5 G 3 A 0 30 1 A9 30
(BLamD (El2A), AT 3 i3 g #il 2= T B ol 7 3 I
TR T T A AE M, DA S 5 BLinD I IX.
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Figurel Diagram illustrating the relationship between age-related fundus deposits and the outer retina

BrMMHRPE-BL, ICL. EL. OCLHIChC-BLIJZZ5AF . BEF I, HPEfg o (2 (3 18 iZ i T BrM A EL X ICL A AR
B, W — 2R )2 (pre-BLinD) , JF ARG EIE MBLInD, 4R OB E— 2518 20 ] T8 J 2 JR kb 4 A 1) 0 0 3 B
Peo HPYERRITEBM Y TUB ERPE-BL-5 BrM Ay 5 M P il — - E AYRPE-BL 3 1], 1RIMNV(ER €0 B k) il =2 AixIX
B, R R BLAMD E JE KR A= AT B B AR FI SR . BLamD /& RPE-BLIY IR MM (4% £4) . SDD i FRPE I 5 1L
Wy, AIECH POCRSZ AR A0 SR AE , A AR R N3 BUMNY (55 €0 1] I 55 3K ) PO SR AU

455 BrM, ARG RPE, UM@K FR; BL, JURME ICL, WIREUR; EL, #J12; OCL, SMRJEUZ; Che, ik
KB ; pre-BLinD, FRENEIIRMINIA; BLinD, JERAMETIURY); MNV, EBOHEMA; AMD, 4FAHSCIER
BEYE; BLamD, JERMRIIAY; SDD, WM FBESFEAETIRY; ONL, SMZJZ; ELM, SPFUR; 1S, JBEZARN
5 08, JEESZ AN Druse, BIHBE

Bruch's membrane (BrM) consists of five layers of connective tissue: RPE-BL, ICL, EL, OCL, and ChC-BL. With aging, neutral lipids
(yellow circles) gradually accumulate within the EL and ICL of BrM, forming a thin layer of lipid wall known as pre-BLinD, which gradually
progressed to BLinD. As lipid deposition further increases, soft drusen, which are focal deposits of the same lipoprotein-derived debris as the
BLinD, may form. The accumulation of neutral lipids in BrM results in the separation of RPE-BL from BrM, creating a potential sub-RPE-
BL space. Type 1 MNV (purple upward arrow) can invade into this space, as a pathological and anatomical basis for the progression of AMD
and neovascularization. Additionally, diffuse thickening of the RPE-BL, known as BLamD (highlighted in green), also may exacerbate retinal
dysfunction. SDD, deposited above the RPE, can lead to photoreceptor atrophy and significantly increase the risk of type 3 MNV (purple
downward arrow).

[14]

Abbreviations: BrM, Bruch's membrane; RPE, retinal pigment epithelium; BL, basal lamina; ICL, inner collagenous layer; EL, elastic layer;
OCL, outer collagenous layer; ChC, choriocapillaris; pre-BLinD, precursor to basal linear deposits; BLinD, basal linear deposits; MNV, macular
neovascularization; AMD, age-related macular degeneration; BLamD, basal laminar deposits; SDD, subretinal drusenoid deposits; ONL, outer
nuclear layer; ELM, external limiting membrane; IS, photoreceptor inner segment; OS, photoreceptor outer segment.

5y (F2B) . FEMEGESH I, 5] BLamD2S Ul FRPE
LML, T 5 B BLamD FE I 45 B8 ¥y A s )
IR BLamD JE I 2ok BRSO 2% AH B J2 43 4 AR
(optical coherence tomography, OCT) B /3 #F4%, W] fig
W/RAMOCT LAY “XUZME” , BPRPESBrMA) &5 (&

FEOCT LRI A HAL R “BZME” (K2 E, F)Y,
Wl PR b 5 T R A M . AR I, A
HERSGIEE-OCT (ultra-high-resolution spectral domain
optical coherence tomography, UHR-SD-OCT) A] LA#/K%b

2C. D)™ i TR HAMD B H A T 10%~15%%%
H P A 1145 P AMD (neovascular age-related macular
degeneration, nAMD), R I 1R B R A A
(macular neovascularization, MNV)JE >, i 1 MNV

f£5 OCT A% G 1 X 43 BLamD MIBLinD YA 2, K FR
BLamD [} #4 ) FE 24 4 BLinD 1Y 31%[27] o MHL L
7 » BLamD A GEfEHENR 5745 A ] BeMIA I S 2 1
W%, 257 BLinD B APEBEES BPEAYIE B
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B2 BLamD51E!MNVHIf AR A LRI FE L
Figure 2 Clinicopathologic correlation of BLamD and Type 1 MNV*

AFIB, CHID, PAKEMIFCE T OCT MAIR A LURFI2EEI% . (A) OCT L /R ABLamD; (B) 41 2U%#2 /RRPE Tk
HHA R IBLamD (B (LA 5); (C) OCT W /RRPEGAIEIE, Ufttiss, H 5 BeMIA] o] WAL B4 ; (D) 414Uk HE#

I /RRPE FARH B AYBLamD, U35 B WIBLamD (35 {6 2 5 ) I BLamD (ZL (625 ) ; (E) OCT W /RRPEX A I W5, )2
i‘%i, H5BMIE41E 5 (F) 414U B2 7R RPEAIBMIE] 1 15 MNV,

W5 OCT, AT HZHH MR ; BLamD, JEMZVIBW); RPE, MLMMEER ERG BeM, A #i; MNV, #5E
BrAEMAT; IPL, WMGIRES; INL, WH#JZE; OPL, SMMIRE; HFL, PAHIZF4EZ; ONL, SMXJE;: ELM, SMFHIR; EZ,
BRIX; 1S, JGESZAa8 N OS, JESZashT; ChC, BKASBEE AN T

A and B, C and D, as well as E and F represent OCT and the corresponding histopathological images. (A) OCT cannot reveal the presence of
thin BLamD; (B) Histopathology findings show very thin early BLamD beneath the RPE (yellow asterisk); (C) OCT displays the RPE band
thickening with reflectivity enhanced, and a hyporeflective space resembling separation between it and BrM; (D) Histopathology findings
demonstrate markedly thick BLamD under the RPE, including early BLamD (yellow asterisk) and late BLamD (red asterisk); (E) OCT shows
significant thickening of the RPE band with enhanced reflectivity and separation from BrM, i.e double-layer sign; (F) Histopathology findings
reveal Type 1 MNV between the RPE-BL and BrM.

Abbreviations: OCT, optical coherence tomography; BLamD, basal laminar deposit; RPE, retinal pigment epithelium; BrM, Bruch's
membrane; MNV, macular neovascularization; IPL, inner plexiform layer; INL, inner nuclear layer; OPL, outer plexiform layer; HFL,
Henle fiber layer; ONL, outer nuclear layer; ELM, external limiting membrane; EZ, ellipsoid zone; IS, photoreceptor inner segment; OS,
photoreceptor outer segment; ChC, choriocapillaris.

2.2 Pre-BLinD/BLinD X {4 3 T8 fE 5

Bt BRI AR, BeM Y 2 TN i SR 2 ]
B R AR DR . X EEUTR Y i 2 R (RN
BEALFN AR ER AL A A B ) . BRI ( B VEMFEER 1. b
PR 7R Bl % 2R A L BOKALS  AC ALY (85
B %Hﬂizﬁ’@efﬁ%ﬁ@ﬁk, Horb g T 5 SR A3 1
40% ~ 509%™ X BE i TRPEELEIE T LABE 7Kk rh v
Elﬁﬁfﬂ’wﬁ U H 2RI 53 A, BEFR A Pre-
BLinD/BLinD([I3A., B), Jaiin] 2 )mitt:aqm, R
LB B BEE (K13C) ), Pre-BLinD/BLinD K 8 1:
Y P S []— DU ) A6 RPE L JIE I 23 (8] AS [
KWUTER, T3 S AR T 24 il B 0 B i &
P, DA I R 2 HE T AR AR BRI . Curcio
A AT BA SR FH B e o 8 —

1> . . .
J#% (osmium tannic acid

paraphenylenediamine, OTAP) & [ & [ 4 il /Mg i {7 A7
HARPY, il WoRIFERAMGE T XKUY, IE
AP HC PR 2 R A R A T A O 1 s %) v e R TR A
ARk B IEEEZR 8%, H Pre-BLinD/BLinD A3
BRI AMDRE S M B ek s, 5 AMDIY
S K A DIAI G AE AR R, R R
FHUARTEBM I JZUURR, Bt AR WA K 2 i £ 1M 2
KNIEIRZ, e IR 2 5 RPESLIE R 22 [R]JE bl
HFEWAEFRZ, FEBMBKREN® X —R R
RO R R RE e AR AR T I S, ORI T AR
T HIE ISR A B X IR TR TTCRR 24 N S R
i 745 Bl R AL AR AR R S B G &
PR ABUR L&, {2 fdiPre-BLinD /BLinD M K13
EEIRPE R Y X e e T AMDHR 3
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FETE, (EASEBE X RPESLIEIE 5 BrM N IR I 2 1] 43
B — AW AE A RPESE S B T 25 (0] ([&11), ARG T
AMD & B Az 148 TE B0 SR Sl
Pre-BLinD/BLinD R 3% 55 FEEE 1 s [R5 2%
AL BRI B RAEY . BAE . Lok
REREAT | 32 40 S k45 58 6 400 1ML 4 25 4 S 90 ml g
522 ) A B3 i RPE 4 A At A [ A 3 2k

2R 1AL (ATP-binding cassette transporter A1, ABCAL)
A% e ERPE AN A 1) H T00 3 14 56 2832 4 LA S H AR G
Ui S HE AR [ BES™ 3o S A Ay T A 96 5 T 2 A
(peroxisome proliferator activated receptor gamma, PPARG)
BN MEAREFEEAS (angiopoietin-like protein
3, ANGPTL3)ZE[H | N-Jlit £ It i AN - 2 e A2 il 1
(N-deacetylase and N-sulfotransferase 1, NDST1)3& K D) &

XU T A BR G AR
B, Z5EEBHFEHCER, MATPA G &

SRR HIh-3-B5 2 L WEF ST (mitochondrial glycerol-
3-phosphate acyltransferase, GPAM) & [H 42 5 T iR

@il ol g s Lt h L

3 Pre-BLinD/BLinD & 3K IR RSB A0 48 LR IR 4 AE Y

Figure 3 Histopathological characteristics of pre-BLinD/BLinD and soft drusen'*
(AFIB) Pre-BLinD (#% (A i3k ) FIBLinD (£ {4173k ) YRPE-BL5 B-MIAI R B M FURR T AR, HLAv F W —RPE-BL F 45 [a]; (C) ki
PEIAEYE; (D) {7 T BEXRPE-BLGBMZ ], S K USRLRTIR, 5 Pre-BLinD/BLinDJR/MAHIF], H ERPEREE, JEEER
AEEE, T OSH 4K

455 : Pre-BLinD, FEJREMEVIBWIATIA; BLinD, JERLMETIRY; RPE, MMBIER FR; BL, FEEHE; BeM, A&k
s OS, JEEZARAMY; INL, WEZZ; HFL, FHRIZF4E:; ONL, SMZ)Z; 1S, JUEZARNTY; Ch, JKZ5HE; ChC, fk#&
LR 200 1M 4

(A and B) Pre-BLinD (yellow arrowhead) and BLinD (red arrowhead) represent diffuse, granular deposits between the RPE-BL and BrM;
(C) Soft drusen (D) mainly in the macular region, appearing as light gray granular deposits between the RPE-BL and BrM, with the same
lipoprotein-derived debris as Pre-BLinD/BLinD. The overlying RPE layer demonstrates a dome-shaped elevation and reduced thickness, while
the OS above is markedly shortened.

A

]

Abbreviations: Pre-BLinD, precursor to basal linear deposits; BLinD, basal linear deposits; RPE, retinal pigment epithelium; BL, basement
membrane; BrM, Bruch's membrane; OS, photoreceptor outer segment; INL, inner nuclear layer; HFL, Henle fiber layer; ONL, outer nuclear
layer; IS, photoreceptor inner segment; Ch, choroid; ChC, choriocapillaris.
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FIR AR SR PR, FE#IE 5 (E (apolipoprotein
E, APOE)AE[K | JIH [ BEPE 4% #2451 (cholesteryl ester
transfer protein, CETP)FE A | ABCA13E R R 5 il
C (lipase C, LIPC)HE I SE R BRI LK th & L T 5
M AMD AH OC 1 FR A% 1 R 2 5 1 (single nucleotide
polymorphism, SNP)“ L, Al AR — Rl A R
SRR, HIEEZ S AT WA BIRPEAINE N 5 1
EE AV R OB Y AL 7 B A

2.2.1 Pre-BLinD/BLinD#9 % B4 42 % % 45 185 AL

M1 T BLinD7EZ 5 LT T 5% 45 i JEAE B 1ol 45
t, PRI A R e — e SRR R, 2SR S
TR, EEEE—MEELN0.4~2.0 pm, Wil
BEAPENR BOCRUZ , B S SR 4 BURCIR
B LI HUTR ), Pre-BLinD N H A& (K34
B). Pre-BLinD/BLinD M VIl KRG EROCAS , BEAERASY
2% I LT vk 78 AR P a1 % (U BRI B AH (color fundus
photography, CEP) . % & R K ML % 1& % (fundus
fluorescein angiography, FFA) . R A ﬁ%ﬁlﬁ(fundus
autofluorescence, FAF) N OCTZ F-BU& I, 1 HBETE
I EE LR (4B, Z0E TSk, PR LIl PR
R SCHBRARAR XS JR R o S 2452 VAT A3 5 i UK = 97
WF5T B UFE E B[ B Pre-BLinD /BLinD 1 75 15| e #f
2RIl /5 1% 5% (indocyanine green angiography, ICGA)J5 1
PEMEEE], RINICGAJT AR W AH OGP 55 2 6 B
(age-related scattered hypofluorescent spots on late-phase
indocyanine green angiography, ASHS-LIA), TM7ECEP,
FFA, OCTXFAF ¥ J0AHN M, Sl Xt
I3 BG5BT T 2 BRI PR g B 27 (4 AF DG A 23
B, & #Pre-BLinD/BLinD X L HH: B 384 LS T 75 L
A ) A R RS A o 1 AR (AT 29 0 e H 9 1.9~3.4
), AT R I I AMD F 9 0 R KUK o A5 T
BIE, B RPIRIKES I 145 955 42 (polypoidal choroidal
vasculopathy, PCV)%‘!%‘E‘JASHS-LIA*@WI%%% , H
ASHS-LIARTHIH UM A 95 KUK 7. PCV AInAMDYE
WEIHEY F WA, H AN HE IIMN VR
I SRR Ry B R LRMINVEY S8 3 AR A S
BSREIE R IR (0 38 1 J S R RFAE S 6T,
SCE 2 A BAAER Pre-BLinD/BLinD Al BEAE N PC VY
FeIRI A KA EORPERT, IFAEREIPR L UK HHBLinD
Z5PCVEMHLTIBRBLS", XA MR T N4
DO T MAInAMD ,  PCV R 38 1 AN FIA B B3 5
PE, AR 2R T B S M RFAE

— e s T

4 BLinD R IRIRRRAE N SRR R AR 4
Figure 4 Multimodal imaging and clinicopathologic correlation
of BLinD and soft drusen”

(A) CEP_L AT WLV T 2 BER T J7 ) 8 11 €6 s IR B B R 5
(B) JCoARGHRJF REAT N BHIEPE W /s BT B s (C) X
AP P ER A S AL O CT /R B RS FRPE 2 Jap kP 11 PR Bl B
WEARRPERER, £ T 75 P A UNUIRW); (D) 5 OCTHIXT L
(20 U BR PR R B BB R (B i =k ) s (B)
/R T DI P ER EAHE BRI ORI, AT WLBLinD (£ (377 3k)
IV 3 305 REIE () 0 ) 2 A 1] 40 i 194 /b A g e A
B, i FI]—RPE-BL T %5 [A] o

45 : BLinD, JEJRLMEVIM; CFP, ®OMEHAH,;
OCT, Jes#HTWiZA i RPE, LRI 1 BL,
HLR R

(A) CFP shows yellowish-white dot-like drusen deposited in the
temporal region of the macula; (B) Soft drusen are clearly visible
under red-free image; (C) OCT B-scan at the green arrow line in A
demonstrates soft drusen as focal hill-like or hump-like elevations of
the RPE, accompanied by medium reflective deposits underneath;
(D) Histopathological findings corresponding to the OCT B-scan

reveal several soft drusen (yellow arrowhead); E. Magnified image
of the green box area in D shows BLinD (red arrowhead) and soft
drusen (d), which represent diffuse and focal deposits of the same
material, both located in the same sub-RPE-BL space.

Abbreviations: BLinD, basal linear deposit; CFP, color fundus
photography; OCT, optical coherence tomography; RPE, retinal
pigment epithelium; BL, basement membrane.
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Figure 5 Multimodal imaging characteristics of soft drusen

[48]

(A) CFP_ LAl DB BEX R 88 A G UMW) (B G fisk), 0, Jeiils, PRIRIREEREEL; (B) FRA BR3Pk
FBEHIE 7 A X L A8 v O BE (B (7K )5 (C) ICGARGIUI AT WLAR PEBRE IEE 2 B ARARSO L BE, Aol (B @i k),
ZELIASHS-LIA RS 9OLHE (L1 2%); (D) X CEIH AR IATOCT I, W /RRPESR I PR aBEmiR e, PRI g
BT IUR (BE A3k ) o

48 CFP, BOMIEIAM; FFA, JOURIKMATIER ; 1CGA, MINGELRMATERY ; ASHS-LIA, AFRAHOCHEN W52k i
EIERMIBAERPOCREA; OCT, vl HIlZ 436

(A) CFP shows substantial yellow-white drusen-like material deposited in the macular region (yellow arrow), with unclear boundaries, partial
fusion, as well as fundus pigment disorder; (B) FFA displays mild hyperfluorescence corresponding to the soft drusen (yellow arrow); (C)
Late-phase ICGA reveals dense hypofluorescent spots of soft drusen, some of which have merged (yellow arrow), surrounded by ASHS-LIA
(red arrow); (D) OCT B-scan at the green line in C shows that the RPE is elevated in a hill-like or hump-like manner, with medium-reflective
deposits underneath (yellow arrow).

Abbreviations: CFP, color fundus photography; FFA, fluorescein fundus angiography; ICGA, indocyanine green angiography; ASHS-LIA, age-
related scattered hypofluorescent spots on late phase indocyanine green angiography; OCT, optical coherence tomography.
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Figure 6 Histopathological features of hard drusen

R PE B B B (T RPE-BL S BrMZ [, S ERIE 8P BB Y
BORUURW), g0k FY@Is), H ERPEYTGE,
SRR, R JTBIMIESE

475 RPE, PUMBEEAZR ERZ; BL, R B, A
Hard drusen are deposited between the RPE-BL and BrM, appearing
as spherical or hemispherical dense deposits. Histopathologically,
they stain uniformly, with the RPE elevated and thinned above and
the BrM continuous underneath.

Abbreviations: RPE, retinal pigment epithelium; BL, basal lamina;
BrM, Bruch's membrane.
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Figure 7 multimodal imaging features of hard drusen
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45 : CFP, BOHEMAM; FFA, JOLHIRIMAER ;
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(A) CFP shows numerous yellow-white punctate deposits with
well-defined, sharp borders in the posterior pole (yellow arrow);
(B) FFA shows lots of hyperfluorescent spots corresponding to the
deposits in A (yellow arrow); (C) Late-phase ICGA demonstrates
hyperfluorescent staining of the deposits (yellow arrow) located
outside the hypofluorescent area of ASHS-LIA (red arrow); (D)
The merged image of late-phase ICGA shows the distribution of
hard drusen and ASHS-LIA; (E) OCT B-scan (the white line in D),
revealing no changes corresponding to the ASHS-LIA are observed;
(F) OCT B-scan (the yellow line in D) displays multiple focal
hyperreflective deposits underneath the RPE (yellow arrows).

[48]

Abbreviations: CFP, color fundus photography; FFA, fundus
fluorescein angiography; ICGA, indocyanine green angiography;
ASHS-LIA, age-related scattered hypofluorescent spots on late
phase indocyanine green angiography; OCT, optical coherence
tomography; RPE, retinal pigment epithelium.
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Figure 8 Fundus manifestations and histopathological characteristics of cuticular drusen
(A) CFP L, B BB B 73 HERIR B A OIS RIE fUIRDURRY), K/ NEI5T 5 (B) FRALL, R BB IR ER BN K
RAGEWSG, ) “WRE” 5 (C) HEWGEL: /R KR /- B RPE-BL FSCEIURR (B i k), e, 3e@iy2); (D) #8
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4i5: CFP, BOIRKMAN; FRA, FOUIRRIMNEERY; RPE, PMMEGER R BL, FHIREE; BiM, A&

(A) On CFP, cuticular drusen appear as scattered yellow-white punctate deposits, uniform in size; (B) On FFA, cuticular drusen manifest
as numerous punctate hyperfluorescence in a canonical “starry sky” pattern; (C) Histopathological findings reveal lots of solid deposits
beneath the RPE-BL (yellow arrow), with a solid homogeneous appearance; (D) Some cuticular drusen can be confluent (yellow arrow), with
a dense staining contour and a granular appearance internally; (E, F, and G) The ultrastructure of cuticular drusen under transmission electron
microscopy, with BrM indicated by white arrowhead; (E) Mature cuticular drusen with moderate electron density and homogenous internal
structure; F. Cuticular drusen in the formation stage, with the yellow arrow indicating a slightly lower electron density and a looser region; (G)
Magnified image of cuticular drusen with a uniform background containing multiple scattered electron-dense granules, resembling lipid-like

[71]

deposits.
Abbreviations: CFP, color fundus photography; FFA, fundus fluorescein angiography; RPE, retinal pigment epithelium; BL, basal lamina; BrM,
Bruch's membrane.



IR EMARCTURPIRREE . 2RSSR MIRRE L EeE, 4F

165

AT, P, 3 B B 3 S (1 s A HEAE T3
AT REBIREFEAS ), A ORISR A B T A I K T
A T2 A R AR B L 0 SR

2.5 SDD

SDD, WEAE SHEHK A IR AR A B 35BS (reticular
pseudodrusen, RPD), J&— i = %L UL T B 5E P [U1 5%
FRAESE, HER B R My 2 & 3 65 R TR
Yy, AlEA AT SRR Curcio #4241 DA 1 1
9o BB S AIE S X AP DU AL T LT, PRt
W Z i 44 R AL I 5T B B REEPE A TR SDD . SDD
TEL LU B~ I R8RS A ORDIR i 4R AN TR (B
BA/NE4 wm), HEZE TRPE I & L 7ERPEA
Az AR 2 8], ATECHL FRPERRZEES A, H Bk
A2 AN AN 4 0 (F19A) ,  H.SDD 3 I n HEFH 7%
(OS(IEI9B), % SDDIZ i A il S FLAE!
SDD Ve F RPEA ML S 0S4 43, Ak 1 s 5 3k

e

Elo SDDAIALRFITEHFAE"™
Figure 9 Histopathological features of SDD"”!
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JZ; OPL, ShMVIRIE; HFL, FHILF4ER; ONL, AMZJZ; BeM, fi@ili; ChC, BKESBEBANINTE

(A) SDDs are characterized by granular deposits presentinga “mound-like” appearance and located above the RPE, with the underlying RPE
thinning and the overlying OS shortening; (B) Larger “mound-like” granular deposits are situated above RPE of very nonuniform thickness,
with the underlying RPE uneven thinning, and the overlying OS shortened or partially deflected (purple-red arrowhead), while parts of the IS
are also shortened (blue-green arrowhead). Detached and accumulated OS can be observed on the surface of the deposits, forming a cap-like
structure on the surface (yellow box and yellow arrowhead).

Abbreviations: SDD, subretinal drusenoid deposits; RPE, retinal pigment epithelium; OS, photoreceptor outer segment; IS, photoreceptor
inner segment; INL, inner nuclear layer; OPL, outer plexiform layer; HFL, Henle fiber layer; ONL, outer nuclear layer; BrM, Bruch’ s
membrane; ChC, choriocapillaris.



166

AR Bl 202S,40(2) journal.gzzoc.com

CFP I, SDDZH A AR JIE & BE 00 U155 K FL ] i
R o 555 4 A7 19 8 1 €8 s R TR, e 5 B
HARMAR(E10A), BARMFEEATELS BCHR . 5332
R, HERCRT . HSBESBPEAN L, SDD R
W, X — I AE TR G R R R AR T A B
. (#110B), SDDFEFAF I FERIUCNILA kK7L, 5
HXTRPEH ) Bt i AT ¢ (Kl10C), IELL4ME
J81% (near-infrared imaging, NIR) %A THMSDD,
PR 25 B 43 A B 55 S S R R DU (R 1oD), i S
SDDZEME T MRS , ] UL 3 55 I 5 2R Bl Seoi [
FUDRIEIS, 2 CHLLART SIS, SDDFEFFA il
WARII RO, Al RS5O, Jral
TN SRR DO, TR RPEZE S L) K SDD i
FINZE, SDDTEICGA LRI AL K miiRe529, &
PR ROCE I B E, fEoCT I, SDDEHL A
TRPE -7 (4[] W 5 B A9 v s S S e AR, RIMTIEER
Y] 5 FR B , BT ) L RS AR IR A B A SR i A

FE (K 10E) ), SDD 5 #F R IIAMD i FAH K, 1
2 HGAMMNVIE B, ik I AMDI Il 57 5 A
FU SR H SDD R P T2 /34 R R A
MNV, JEHUESHIMNY, - RIHE000 A5 1 AR A (retinal
angiomatous proliferation, RAP) L A HA GARI3 A
MNVAYERIR T, SDDAYES AT 5909

3 INERRE

HRJEE 28 AR SC DURR W 2 BB 25 4 1 3 4 o BRAE S
JE LIRS 04 S DORR o 38 DL AR ) 2 L 1) 5 0 E Uk
IBIIER BB, o) —LE DRI 2L 1
HAK AR s, H 5 AMDY & 2 Fnilk JE 2 YA
Ko ARICBEE T ILEH IR LA TR 19 20
ZUR B PR IE M SR R, A T AR
PRy o [ b TORR ) 1) AN [ 9 BT /s 3 B R K i

El10 SDDHI SR FHFE

Figure 10 Multimodal imaging features of SDD
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(A) CFP shows numerous yellow-white punctate deposits in the posterior pole (yellow arrowhead), with well-defined borders and a three-
dimensional appearance. Patchy retinal atrophy and hyperpigmentation can be observed in the macular region; (B) The punctate deposits are
clearly visible on red-free image (yellow arrowhead); (C) On FAF, SDD appear as speckled hypoautofluorescence, with high autofluorescence
due to vitelliform material and low autofluorescence caused by atrophy in the macular region; (D) On NIR, punctate SDD also can be observed
with less clarity; (E) On OCT B-scan, SDD manifest as multiple medium-reflective or high-reflective deposits located under the neurosensory
retina (yellow arrowhead), with some of them breaking through the ELM and extending into the ONL and OPL (purple-red arrowhead).

Abbreviations: SDD, subretinal drusenoid deposits; CFP, color fundus photography; FAF, fundus autofluorescence; NIR, near-infrared
imaging; OCT, optical coherence tomography; ELM, external limiting membrane; ONL, outer nuclear layer; OPL, outer plexiform layer.
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