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[ Abstract] Objective To study the ability of the Retinal Health Assessment ( RHA ) system to obtain
fundus images in patients with different types and degrees of cataracts.  Methods A cross-sectional study was
performed. Forty-five eyes of 41 patients with cataract were enrolled in First People “s Hospital, Shanghai Jiaotong
University from December 2016 to January 2017. Lens opacity grading and RHA fundus imaging were performed after
pupil dilation. Forty-five eyes were divided into 4 groups according to the degree of lens opacity : cortical cataract group
18 eyes,nucleus cataract group 21 eyes, posterior subcapsular cataract group 2 eyes, hybrid cataract group 4 eyes.
Fundus images were obtained by FullSpectrum mode of RHA2020,and the clearness of fundus images was evaluated.
Scores of fundus images clarity were compared between the cortical cataract group and nucleus cataract group. This

study was approved by the Ethics Committee of First People’s Hospital , Shanghai Jiaotong University. Written informed
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consent was obtained from each patient prior to any medical examination. Results In all 45 eyes, the
phacoscotasmus classification ranged from mildest (CON2PO0,1 eye) to very serious ( C2N5P2 and C4N2P4,2 eyes).
The grade IV nuclear opacity, grade Il cortical opacity,,and grade Il posterior subcapsular opacity reduced the quality
of RHA images significantly, especially for images with red and green light. In cortical cataract group,images showed
peripapillary vessels and retinal vessels at 580 nm and 590 nm, while retinal and choroidal vessels, as well as
choroidal pigmentation,were visible at 810 nm. The clarity scores at 580,590 and 810 nm were 2.0 (1.0,3.0),
2.0 (2.0,3.0) and 2.0 (2.0,3.0), which were lower than that with red and green light (620 nm + 550 nm)
(3.0[2.0,3.0]) ,with statistically significant differences (all at P<0.05). In nucleus cataract group,the quality of
fundus images from the eyes with grade Il nucleus cataracts was good,the image quality decreased when the nucleus
opacity was grade IV, retinal vessels were occasionally observed at 580 nm and 590 nm. Additionally, retinal and
choroidal vessels and choroidal pigment were visible at 810 nm and 850 nm. The clarity scores at 580,590,810 and
850 nm were 1.0 (1.0,3.0),2.0 (1.0,3.0) and 2.0 (1.0,3.0) ,which were lower than that with red and green
light (620 nm + 550 nm) (3.0[1.5,3.0]),with statistically significant differences (all at P<0.05). In posterior
subcapsular cataract group, the retinal vessels were visible at 580 nm, meanwhile retinal and choroidal vessels and
choroidal pigment could be observed at 810 nm and 850 nm. In hybrid cataract group,running lines of retinal vessels
could be seen at 850 nm, while the central reflection was absent. Focal choroidal vessels were observed.

Conclusions Except for severe cases, RHA system can produce good quality fundus images in cataract eyes at 580,

590,810 and 850 nm, facilitating the evaluation of fundus disease before surgery and prediction of visual outcomes

after surgery.
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Table 1 Evaluation criteria for the clarity of the fundus images

obtained through RHA

VR G ik 2L s (7) RN K E =

IR B AL PG [ 45 3 Wb 550,580,590 #I 660,690 Fi 760,780 FlI

27.00 mm E"J%Elﬁﬁr‘b %“2 1310 Iﬁjgﬂ FERE (A0 (H) 620 nm Ak 4 740 nm 4k 5§44 810 nm &b i 1%
9 35 = e y = ol . . . A 5 )
INASEHEE IS 3 N 6 ARy I3 %1 1 W (1 43) 0 B I A O IR N T L, DR MWW OB % Bt %
A, HF R 2 A, L1 AGER24~40 % % Ik 26 T I gy 5 5 T 0

il Sy Y ok — ~
BRIER I3 1.0, B R -2.00~ ) wer ey mmpns MmmmETT L, KABMAEES KA B 6 R
4.00 D, AFFFEIH E b AS ks LA R 3, B0 I O e A gy 4T I
e K o =N Vi
MR —~ ANREBREZ RS o) memammmam e s, w S RIKERLE k%06 %
(HE3C5 :2013KY023) , fT A7 4 A S 34 MR R, SR SRR E)
AL 5 T 2%
ks IR P P RAWGS) BRI 5E 2R T ) W e R WL 4 B 5
1.2 o LR
1.2.1 SRR A% i BRER TE RHA : 226 3% BRI 43 2 A% AL

BT ¥4 52 e R IE AL ) REBUT A B

Note: RHA : Retinal Health Assessment

e KR B2 (R ES OCT A1 B 7R P A

o FTA R B D7 P R iR AR R 2 AL A =
6 mm, fy 2 44 B o3 S 75 R BAT AR W O T SR
Chylack @ RAIR M4 R 46 I (LOCS M) ' k4T
R MMFE L 3. 8  A RE LOCS THARE: (1) ¢
B e F N R IR M B O (N) <2, J R
RGN (C)>2, J5 2R M PN (P) <2, (2) &%
R E AR R ZEEYON (N) >2, B BRI %%
B (C) <2, RBHRIM G (P) <2, (3) /5 TiRM®
FARE R B E S (N) <2, BRI %K
B (C) <2, G RBHRE M (P) >3, (H)RERAN
Be RIR M B GON (N)>2, B iR g (C) >
2, 5 EROR G (P) >2 (&L 2 T L B g
AR I RE 7y 4 A 2H - B2 iR I 4 18 1R A% PR IR
A 21 RS 3 TR AL 2 IRFR A B4 4 IR, A4
RAGE— I H1 5 3 ALl R 2256 F w1 BRI AT 03 2% o
1.2.2 RHA IRJEBGH A SRR M 9% 58 il
Ja  AEREALY RS T i 144 B 42k RHA 200
iR Bl B 4, % F§ RHA2020 ( RHA mutlti-spectral
Digital Ophthalmoscope, Annidis, Canada, 2014, SN
04021650155) 42 JZ i B AR BUR I &R . 22414
BT ORI R IR 14 Wt &l R, Hovh 7R 550,580,590 ,620
660,690,740 .760,780,810 F11 850 nm 4 M8 4% 1 Wi,
i3 WAL 2Ot AL s LA IR (550 nm +

L3 ZEitearik

K SPSS 20. 0 S 127 44 (£ & IBM 23w )
PRI . ABESE T REA AR IS A 1% 35 A6 72 B2 3 4%
(LA 28 Shapiro-Wilk #3360 A5 & E& 4310, LU M
(Q,,Q:) Fmm. HF MBI HALIEH S RHA EBRIE
WA L BV 23 19 22 53 LR T Wilcoxon Bk G B . P<
0.05 22 A geitsr = 3o

2 #R

2.1 [N B SRR B 3 U DL

45 HR v fe B b v 1 P B 18 R X METR s Y
e 21 R, E R NIRME N 2 IR BSR4 IR,
A R AR TR 3t B e 4% 1 1 R 43 90k CON2PO, e ) 2 HR
S 4y Bk C2N5P2 il CAN2P4,
2.2 EHXTHR4] RHA BRJE ER 5 My

RHA B4 7R 6 [l 29 R J5 i 42°, 16 20tk
550~590 nm BAGH, T W7 00 5% BB 5 B0 AR 5 0 1)
HERIKE R LA 223 GEAT BAR, 20 3 5) E M,
g3 B R B AR T A R 8 B0 v B A R R A B
BAL O MR 5 0 RSOIR R0 5 IOk 8 I A8 9 A i
o £LEOGAH A (620 nm+550 nm) AR JIE 4 AT DA 4 K
M7, A0 P 8 A8 5 5 B F DG4 5 (580 nm+590 nm ) S
R o 5 i A5 T T AR O B i A G L B FFA . FE 20



- 600 - AR SIS IR B 2 A 2020 4F 7 H 45 38 45 78] Chin ] Exp Ophthalmol, July 2020, Vol. 38, No. 7

T 620~850 nm JR A, Bk 2% RS B H MST K iy i
IR IZ 175 AT, ) e IR JER 717 57 5 9 4 XE A58 )k 2% e 1 4 2

SUFTIUY  ZLAME LA (760 nm+810 nm ) S 1 ik 45 i 1fi
B P AT DLk 4% I 1 4 A B, B ICGA (1 1) 6

1 1HEEXE RHA RERFRI 5,24 % IRGNICHE 24. 56 mm, JEIGHEH-3.00D A L4802 5 (620 nm+550 nm ) MR V&1 150 v 400 4 2 i A%
AL BB UL 1 AT T I B B BRFA G ZH A (580 nm+590 nm ) St ¥ WL PO B o A L FP AT AT 0L 4% 0 AR o0 R Il B S B, BE L FRA CHELAMOEH A
(760 nm+810 nm ) S 5 ik £4% 152 i 45 121+ v 5 A UL 55 390 Jk 246 B 100 4 56, BEADUHRJEG ICGA D2 't 660 nm MR RS A5 v 0 199 IS 0L A 395 DA , T 9% A 418 R 9%
BEDC LLAR 0 fok 46 15 1 4, DL E I AN AT L E 63 740 nm HRJRE IETR b 84 BE DX IR 2% I A HE B0 2 i 850 nm MRS ] 150 Hh Wk 225 M58 1L A7 O 3 Wi , T
ULk & 1 6 3R

Figure 1 RHA fundus image of one normal control Male,24 years old, left eye,axial length was 24. 56 mm , diopter was =3.00D A :Fundus imaging of
the red and green light combination (620 nm + 550 nm) the optic nerve head and peripapillary blood vessels, as well as retinal blood vessels were clearly
visible B:Images of retinal blood vessels with yellow succinate light combination (580 nm + 590 nm) profile of retinal blood vessels were clearly visible,
simulating FFA ~ C:Image of choroid blood vessel imaged with the infrared light combination (760 nm+810 nm) profiles of choroid blood vessels were clearly
visible,simulating ICGA of the fundus  D: Fundus imaging with 660 nm of light retinal blood vessels were clearly seen; choroid blood vessels were
distinguishable ,in the macular area;the optic nerve head and peripapillary vessels were invisible E:Fundus imaging with 740 nm of light choroid blood vessels

in the macular area were visible F:Fundus imaging with 850 nm of light:choroid blood vessels were not clearly seen,while the choroid pigment was visible
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Table 2 Comparison of RHA fundus imaging clarity scores
under different spectral conditions| M (Q,,0,) ]

MR 1 6 35 Wi 2 9 23
Bl (n=18)  HikRMm4A (n=21)

it Bt

275414 (620 nm+550 nm) 3.00(2.00,3. 00) 3.00(1.50,3.00)

246, (550 nm) 3.00(2.00,4.00) 2.00(1.00,4.00)
# 6, (580 nm) 2.00(1.00,3.00)*  1.00(1.00,3.00)"
B #1 (590 nm) 2.00(2.00,3.00)" 2.00(1.00,3.00)"
2745, (620 nm) 2.00(2.00,3.00)"  2.00(1.00,3.00)"
4748, 2( 660 nm) 2.50(2.00,3.25) 2.00(1.00,3.00)
748 3(690 nm) 2.00(2.00,3.00) 2.00(1.00,3.00)"
478 4(740 nm) 2.00(2.00,3.00)"  2.00(1.00,3.00)"
P 3(760 nm) 2.00(2.00,3.00)"  2.00(1.00,3.00)"
L4 (780 nm) 2.00(2.00,3.00)" 2.00(1.00,3.00)"
FELL AR 2(810 nm) 2.00(2.00,3.00)"  2.00(1.00,3.00)"
AELLAh 4(850 nm) 2.00(2.00,2.25)"  2.00(1.00,3.00)"
HIEHIEA A (580 nm+590 nm)  2.50(2.00,3.00) 2.00(1.00,3.00)"
)

25044 (760 nm+810 nm) 2.00(2.00,3. 00 2.00(2.00,3.00)

T 5 2L 2RO AL A MR IR 38 W2 PF 20 FL 4, * P<0. 05 ( Wilcoxon £ I
Ko )
Note ;: Compared to the clarity of images with red and green light,“ P<0. 05

( Wilcoxon rank sum test)
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Flgure 2 RHA fundus image of C4N2P2 cortex cataract Female,65 years old, left eye, axial length was 22. 37 mm, diopter was —=3.00D A :Fundus

imaging of the red and green light combination (620 nm+550 nm) only the papilla of optic nerve was obscurely visible , while the blood vessels and macular
area were invisible B:Fundus imaging at 660 nm the retinal vein trunk above and below the temporal region was obscurely visible , while the choroid blood
vessels, except for the macular area and under nasal area,were obscure C:Fundus imaging at 760 nm  choroid blood vessels under a nasal quadrant was
clear, while the remaining quadrants were obscure D :Fundus imaging at 580 nm stimulus artifacts can be visible in the macular area,the resting retinal
blood vessels have a clear running line, and the reflection was invisible E:Fundus imaging at 590 nm  stimulus artifact can be visible in the macular area,
blood vessels of the papilla of the optic nerve were invisible, the running lines of the retinal blood vessels were less clear,and a small number of choroid blood
vessels below the optic disk were visible F:Fundus imaging at 810 nm retinal blood vessels were less clear, choroid blood vessels below the optic disk were

visible ,and choroid pigment distribution was visible

3 14 C2N3P2 B AME RHA BRERI 55,66 %, MR WA I B2 23. 56 mm, JE L RE N +0.25 D A L4062 4 (620 nm+550 nm ) RIS
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ok RS, LA AR AT I B2 740 nm MRS AR 2 5 DR IS I A H 8L 2% 850 nm MR IS A4 v bk 268 [ 1M 487 O3 AR, T DAL Ik 246 €5 3R 43 A
Figure 3 RHA fundus image of C2N3P2 nucleus opacity cataract Male, 66 years old, left eye, axial length was 23. 56 mm, diopter was +0.25 D

A :Fundus imaging of the red and green light combination (620 nm+550 nm) the optic nerve blood papilla and blood vessels, as well as retinal blood
vessels, were clearly visible B:Retinal blood vessel imaging of the yellow succinate light combination (580 nm+590 nm) profile of retinal blood vessels were
clearly visible, simulating FFA  C: Choroid blood vessel imaging of the infrared light combination (760 nm+810 nm) the profile of choroid blood vessels was
clearly visible, simulating ICGA of the fundus D :Fundus imaging at 660 nm retinal blood vessels were sharp and choroid blood vessels, except in the macular
area,were distinguishable, while the optic nerve blood papilla and blood vessels were invisible E:Fundus imaging of 740 nm horoid blood vessels in the

macular area were visible F:Fundus imaging at 850 nm  choroid blood vessels were not clear, while the choroid pigment distribution was visible

N N\

LN e, LN s
B 4 1] CON4PO iz 5 M RHA BRIEFRI  H,56 %, f IR IRANHC By 25. 56 mm, JEJGRE K -9.50 D A £L400064 5 (620 nm+550 nm) IR
B IRIRE 58 AW W Bt 690 nm (R JECAR USRI UL AL 48 BE ST A0 M IR Bk C 2ol 740 nm IRJAR, (UBORI LA S50 RS D2 63
780 nm HRFG R AL 2 T J5 Jk 2% R LA 3 DL, A0 8 S P T BB e e i RS RS TT L E O3 810 nm MR (5 o 400 100 B o ok i 5 R BT

7 WK% S 100 33 UL L WK 2% IS €0 AT F 23 850 nm MRJEA%, [7] 810 nm
Figure 4 RHA fundus image of CON4P0 nucleus cataract Male,56 years old,right eye, axial length was 22. 83 mm, diopter was =9.50 D A :Fundus

imaging of the red and green light combination (620 nm+550 nm)  the fundus structure was completely invisible B:Fundus imaging at 690 nm only the
outline of papilla of optic nerve and retinal vein above the temporal region was obscurely visible C:Fundus imaging at 740 nm  only the outline of papilla
of the optic nerve was obscurely visible D :Fundus imaging at 780 nm choroid blood vessels below the optic disk were visible,the papilla of optic nerves
and central veins of retina were obscure, and the resting structures were invisible E:Fundus imaging at 810 nm central retinal blood vessels were less
clear, choroid blood vessels below the optic disk were visible, and the choroid pigment was obscure F:Fundus imaging at 850 nm the same as that of

fundus imaging at 810 nm



. 602 - AR SIS IR B 2 A 2020 4F 7 H 45 38 45 78] Chin ] Exp Ophthalmol, July 2020, Vol. 38, No. 7

2.5 JE# TR A NFEL RHA IR EER 1

J5 2 TR N B AL RHA BB R R A% 7 Wi T~
B LT A IR AR BERT , o6 3 580 nm 4b w] 4% 41
o0 JIE 1L 45, 810 nm A1 850 nm &b HT W I I 1 4% | Bk
YRS DL M (8, K 40 A . C2N2P4 J5 B 5T [ 1 s i
AL AL A B AL RT DA 50 B S A ) R e e ot
FOEAT,810 nm 1 850 nm 4b AT L AR ) 5 i 4 5L A7, 90
PO S 50 J R 3 S Y B SRR AR i D vk 4% B
LAY TE T, B4 Bk . 580 nm Ab TT U H5 I R 1Y)

2.6 RARENEL RHA BRE BS54

TEVRA A N BE2H b RHA RIS 800505 W T 1
ZLE G2 A IR SRR, 850 nm 4 AT W42 1) 40 1) fiEE
M FEAT , M BOGAS W] DL, ik 26 B i 457 DX 3l DL
CON3P3 B A5 7 [ N I 18 35 21 O 21 & A 0 AR 4% Ak
R 5 1L 4%, 6% 850,780 1 810 nm &b R ¥ JIE 1fiL 45 K
TR BT, T UL I A R BOE AT, Wk 4 T I A5 0 DL B 4 B
i, Ik 26 R 5, BT, D% 580 nm Ab IR RS A5 v A ) g
R T Ml = /N W =11 =7 N TR %

H5E 5 S DR 32 A A 22, Dhadb P B BEIX (] 5) o BEX Dhsd 45 (P 6,35 3) o

Vv

W

5 14) C2N2P4 FEETHMNE RHA RIRRIA  &,72 2 AW IRECE N 22. 83 mm, JEOEE Jy-4.00D A £L5564145 (620 nm+550 nm)
AL T A o SR A8 B BB 380 00 P T k= AR AT DL, AR 1A R BB R T BB 760 nm HRJEG Tl 45 Hh 400 I 15 ik 238, 400 1 B )y ok A5
B, BB X AN K B LA B 0 Coti% 780 nm B B, [7]) 760 nm D2 3% 580 nm HR RS 245 of W0 00 EE ey e 1l 48 38, 49 S 1ML W 2 7T T, 40
59 6% i 4 S o't Be IR il A AN AT DL, S BE X O s ] . B2t 810 nm RS 118, wT TLASTHN AL I 152 50 JUk G2 AT, Ik 288 % i, A 580, ok 246 M 5 3% A ol T

F o6 850 nm MR IER , [7] 810 nm , 10 [ 158 v she 1l 487 I T WA, Jk 2% 5 785 46 810 nm AR ASEMY , Ik 22% I € A T L

Figure 5 RHA fundus image of C2N2P4 posterior subcapsular opacity cataract Female,72 years old,right eye,axial length was 25. 56 mm, diopter

was =4.00 D A :Fundus imaging of the red and green light combination (620 nm+550 nm) Only the papilla of the optic nerve and retinal vein trunk
above and below the temporal region was obscurely visible,while the resting blood vessels and macular area were invisible B :Fundus imaging at 760 nm

The retinal vein was less clear, while the retinal artery was obscure and the choroid blood vessels, except for the macular area, were visible C:Fundus
imaging at 780 nm  The same as fundus imaging at 760 nm D :Fundus imaging at 580 nm  The central blood vessels of the retina were less clear,branch
blood vessels were indistinctly visible, reflections of retinal blood vessels and blood vessels of papilla of optic nerve were invisible,and the stimulus artifact in
the macular area was clear E:Fundus imaging at 810 nm  An obscure running line of the retinal artery was visible, choroid blood vessels were obscure , and

choroid pigment was invisible F:Fundus imaging at 850 nm  As for fundus imaging at 810 nm, the central blood vessels of retina were less clear, choroid

blood vessels were more obscure than fundus imaging at 810 nm, and choroid pigment was invisible

6 1| CON3P3 BAEGMME RHA BRIRRIM 55,57 2 IR, IRAHK L 22. 15 mm, JEOEHE S -3.50D A 204564 A (620 nm+550 nm) R
R A A AR AL R BRI B2 i 580 nm Ak IR I 121 £ v A 090 5E e e o 485 9 WA , 40 S I A O T AT L P A 0l B R AT L, BBRE X O 0 JE Y
C: i 690 nm Ak MR I P44 o bk 265 5 100 A7 37 WA 38 DL, R 10 I L0 A8 S D2 il 780 i b R R P45 H 3080 b R 3T L IR0 5 v ke Ak R 3 R ok %
MBI EOGi 810 nm ZEMR G E G, ik 45 15 1004 7 M7 B2 48 780 nm R FEAR  F: oG35 850 nm 4L IR Ji FE1A% o Jik 28 JIEE i, 487 O 355 BT , ¥4 BT € 468
810 nm Kb BEAIR , Dk 25 JIE (4 R 150K

Figure 6 RHA fundus image of CON3P3 hybrid cataract Male,57 years old,right eye, axial length was 22. 15 mm, diopter was =3.50 D A :Fundus
imaging of the red and green light combination (620 nm+550 nm)  Only the optic nerve blood papilla and retinal vessels at the papilla were visible
B:Fundus imaging at 580 nm The central blood vessels of retina were clear, branch vessels were less clear, blood vessels of the optic nerve papilla were
invisible , and the stimulus artifact sheltered the macular area  C:Fundus imaging at 690 nm choroid blood vessels were clearly visible and blood vessels of the
retina were obscure D :Fundus imaging at 780 nm central retinal veins above and below the temporal region were less clear and choroid blood vessels were

visible E:Fundus imaging at 810 nm  Choroid blood vessels were less clear than fundus imaging at 780 nm  F:Fundus imaging at 850 nm  Choroid blood

vessels were less clear than fundus imaging at 810 nm and the choroid pigment was obscure
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Table 3 RHA fundus findings in different types of cataracts
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