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[ Abstract] Objective To investigate the diagnostic value of an intelligent assisted grading algorithm for
nuclear cataract using anterior segment optical coherence tomography ( AS-OCT) images. Methods A diagnostic
test study was conducted. AS-OCT image data were collected from 939 cases of 1 608 eyes of nuclear cataract patients
at the Shanghai Tenth People’s Hospital of Tongji University from November 2020 to September 2021. The data were
obtained from the electronic case system and met the requirements for clinical reading clarity. Among them,there were
398 cases of 664 male eyes and 541 cases of 944 female eyes. The ages of the patients ranged from 18 to 94 years,
with a mean age of (65.7£18.6) years. The AS-OCT images were labelled manually from one to six levels according
to the Lens Opacities Classification System I ( LOCS Il grading system) by three experienced clinicians. This study

proposed a global-local cataract grading algorithm based on multi-level ranking, which contains five basic binary
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classification global local network ( GL-Net). Each GL-Net aggregates multi-scale information, including the cataract
nucleus region and original image ,for nuclear cataract grading. Based on ablation test and model comparison test, the
model’s performance was evaluated using accuracy, precision, sensitivity, F1 and Kappa, and all results were cross-
validated by five-fold. This study adhered to the Declaration of Helsinjki and was approrved by Shanghai Tenth
People’s Hospital of Tongji University (No.21K216). Results The model achieved the results with an accuracy of
87.81% ,precision of 88. 88% ,sensitivity of 88.33% ,F1 of 88.51% ,and Kappa of 85.22% on the cataract dataset.
The ablation experiments demonstrated that ResNet18 combining local and global features for multi-level ranking
classification improved the accuracy, recall, specificity, F1, and Kappa metrics. Compared with ResNet34, VGG16,
Ranking-CNN,MRF-Net models, the performance index of this model were improved. =~ Conclusions The deep
learning-based AS-OCT nuclear cataract image multi-level ranking classification algorithm demonstrates high accuracy

in grading cataracts. This algorithm may help ophthalmologists in improving the diagnostic accuracy and efficiency of
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nuclear cataract.

[Key words] Deep learning; Anterior segment optical coherence tomography; Nuclear cataract grading;

Multi-scale fusion; Multi-level ranking algorithm
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Table 2 Ablation test results of modules

PR HEm AR R R R F1 Kappa &%
ResNet18 0.8377 0.8455 0.8421 0.8431 0.8033
ResNetl8+RA+GF 0.8669 0.8802 0.8706 0.8741 0.8365
ResNetl8+RA+LF 0.8731 0.8850 0.8778 0.8809 0.8461
AR 5T B s 0.878 1 0.8888 0.8833 0.8851 0.8522
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Figure 4 Activation maps of nuclear cataract grading predicted by our model
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Note ;: RA ; ranking algorithm ; GF ; global feature; LF ;local feature
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Table 3 Comparative study results of different models

LAY WM KR REE F1 Kappa £ %t
ResNet18 0.8377 0.8455 0.8421 0.8431 0.8033
VGG16 0.8407 0.8551 0.8433 0.8468  0.8069
ResNet34 0.8321 0.8430 0.8363 0.8383  0.796 4
Ranking-CNN  0.8570 0.8700 0.8602 0.8639  0.8365
MRF-Net 0.8433 0.8530 0.8501 0.8517 0.8101
A G AR T 0.878 1 0.8888 0.8833 0.8851 0.8522
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(Ao 5Kk F BEIEF)

ARFHE A4

AMD : 4F % A1 56 M 85 BEAS P (age-related macular degeneration)

ANOVA ;. J5 22/ #7 (analysis of variance)

BUT . JH I ik 2L 5} [8] ( breakup time of tear film)

DR ;% JR 9 40 ) 5955 4% ( diabetic retinopathy)

EAU . 5256V H B G5 75 25 1 R (experimental autoimmune uveitis )

EGF . % [ 4 K [F -F (epidermal growth factor)

ELISA . Fifj B¢ 5 53 W B %€ ( enzyme-linked immunosorbent assay)

ERG . 4%} i i, [5] ( electroretinogram )

FFA .5 Y6 R IR Il 45 3 5 (fundus fluorescein angiography)

FGF: i 21 4k 2 it 4 < A ¥ (fibroblast growth factor )

GFP . 5t 8, 5¢ Y 25 H ( green fluorescent protein )

IFN-vy .y T4 2 (interferon-v)

IL: [ 40 ffs £ & (interleukin)

IOL: A\ T 4R A (intraocular lens)

IRBP ;3 [a] 52 (40 25 2 ¥ Jfi 45 45 % 1 (interphotoreceptor retinoid
binding protein)

LASIK : #f 43 1 30 £ IR A7 5 438 R (laser in situ keratomileusis)

ICGA . 5| W35 4% (145 1% 52 (indocyanine green angiography)

LECs: i iR 1R I J2 41t (lens epithelial cells)

miRNA : %/ RNA ( microRNA)

MMP . 3£ i 4> J& & H B ( matrix metalloproteinase )

mTOR I L 2 ¥ 25 & W % R & [ ( mammalian target of

rapamycin)

BEE - MEE - i
%15 2 17 iR A%

MTT : Py H 3 A %k £8 ( methyl thiazolyl tetrazolium)
NF : % %5 5% A 7 ( nuclear factor)
OCT : Y640 T Wr 2 #1 4ifi ( optical coherence tomography)
OR: ff; 3 H (odds ratio)
PACG . Jf % 1 7] f3 0 35 L IR ( primary angle-closure glaucoma)
PCR : 3 4 it 5% 2 2 1V ( polymerase chain reaction)
RGCs : £/ ¥ 5 5 41 Y. (retinal ganglion cells)
POAG : J& & 1 JT 1 %1 5 G IR ( primary open angle glaucoma)
RB : #, % I5£ 41 e J8 ( retinoblastoma)
RPE : ¥ /9 Ji& {6, 2% | J% (retinal pigment epithelium)
RNV . ¥ % i 8 A= 1L 45 ( retinal neovascularization )
RP : #1  I £5, 25 A% 1 ( retinitis pigmentosa)
ST t: JEAliTH W 43 Wi B ( Schirmer 1 test)
shRNA ;%5 & & RNA (short hairpin RNA)
SIRNA : /T4 RNA (small interfering RNA)
a-SMA ; o35 LWL 3 2 I ( a-smooth muscle actin)
TAO ; H R B A1 5 HR 9% ( thyroid-associated ophthalmopathy)
TGF . #: fk 4 K [H F ( transforming growth factor)
TNF : 198 ¥R FE [ 7 ( tumor necrosis factor)
UBM : ## 75 A ¥ 18 35 5% (ultrasound biomicroscope )
VEGF . fl. 4% N J¢ 4 K B F (vascular endothelial growth factor)
VEP . #1495 & Hi /37 ( visual evoked potential )
(7 ) 2 R0 )





