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Abstract

e AIM: To quantify the performance of artificial intelligence
(Al) in detecting glaucoma with spectral-domain optical
coherence tomography (SD-OCT) images.

e METHODS: Electronic databases including PubMed,
Embase, Scopus, ScienceDirect, ProQuest and Cochrane
Library were searched before May 31, 2023 which adopted
Al for glaucoma detection with SD-OCT images. All pieces
of the literature were screened and extracted by two
investigators. Meta-analysis, Meta-regression, subgroup,
and publication of bias were conducted by Statal6.0. The
risk of bias assessment was performed in Revman5.4 using
the QUADAS-2 tool.

e RESULTS: Twenty studies and 51 models were selected
for systematic review and Meta-analysis. The pooled
sensitivity and specificity were 0.91 (95%Cl: 0.86-0.94,
I’=94.67%), 0.90 (95%Cl: 0.87-0.92, I°’=89.24%). The
pooled positive likelihood ratio (PLR) and negative likelihood
ratio (NLR) were 8.79 (95%Cl: 6.93-11.15, ’=89.31%) and
0.11 (95%Cl: 0.07-0.16, [’=95.25%). The pooled diagnostic
odds ratio (DOR) and area under curve (AUC) were 83.58
(95%Cl: 47.15-148.15, ’=100%) and 0.95 (95%Cl: 0.93-
0.97). There was no threshold effect (Spearman correlation
coefficient=0.22, P>0.05).

e CONCLUSION: There is a high accuracy for the
detection of glaucoma with Al with SD-OCT images. The
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application of Al-based algorithms allows together with
“doctor+artificial intelligence” to improve the diagnosis of
glaucoma.
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INTRODUCTION

laucoma is a group of eye disorders characterized
G by chronically progressive disorders of the optic
neuropathy!'l. It is the second most common cause of
irreversible vision loss worldwide™. By 2040, the prevalence
of glaucoma will increase to 111.8 million, resulting in a major
public health problem that threatens national eye health!®.
It is classified into open angle glaucoma and angle-closure
glaucoma according to the state of anterior chamber angle
when intraocular pressure (IOP) increases. Primary open
angle glaucoma (POAG), the most common form of glaucoma
in western countries, is typically asymptomatic in its early
stages and often diagnosed after irreversible visual damage
has occurred”. Primary angle-closure glaucoma (PACG)
which mostly occurred in east Asian countries is mainly an
asymptomatic disease, in less than 1/3 of cases, patients appear
with acute primary angle closure'”. Due to the high incidence
and risk, improving the efficiency of the early diagnosis of
glaucoma is imperative.
Optical coherence tomography (OCT) is a common imaging
technology in the evaluation of glaucomatous structural
damage'®. Recently, the spectral-domain OCT (SD-OCT) is
rapidly advancing which can measure the retinal nerve fiber
layer (RNFL) and ganglion cell-inner plexiform layer (GCIPL)
with 3D image acquisition modes, repeatable registration
and advanced segmentation algorithms'”. SD-OCT which
provides a higher axial resolution and a faster scan speed, has
theoretical advantages in glaucoma assessment over the earlier
generation of time domain (TD)-OCT™”. Although glaucoma
damage is irreversible, early diagnosis and treatment through
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OCT images can prevent visual functional and structural loss.
With the rapid development of computer and information
technology, data information construction has been gradually
integrated into every field of society. Therefore, how to
use artificial intelligence (AI) to better serve massive data
information in hospital management and optimize and guide
disease diagnosis is attracting more and more attention in
ophthalmology.

To date, the development of Al has an unstopped trend. Al is
a branch of computer science that aims to create intelligent
machines''”. Machine learning (ML) is the use of data or
previous experience to optimize the performance criteria of
computer programs. Deep learning (DL) is a new research
direction in ML. The motivation for DL research is to build
neural networks that simulate the human brain for analysis and
learning to interpret the data. Al technologies are becoming
an alternative approach to conventional technologies. Al has

been used in different medicine sectors, such as radiology"",

pathology"”, dermatology'"”, cardiology"*, gastroenterology!”
and ophthalmology!”. In the ophthalmology field, Al
was applied in diabetic retinopathy, age-related macular
degeneration, glaucoma, cataract, keratoconus, and so on from
multimodality images including fundus photographs, OCT,
fundus fluorescence angiography (FFA) and anterior segment
photography!®.

Al has fostered breakthroughs in the screening, diagnosis and
detection of progression in the field of glaucoma'”. There
are four main approaches to screening patients for glaucoma:
measuring IOP, examining the angle anatomy, evaluating the
visual field (VF) and assessing optic nerve head (ONH) and
nerve fiber layer (RNFL)"*"\. Currently, AI is commonly
used in glaucoma management including IOP, VF, false
positive (FP), and OCT™. A prospective cross-sectional study
demonstrated that automated IOP measurements using DL of
Goldmann applanation tonometry (GAT) videos is comparable
to standard GAT"". Another study merged VF and clinical
data longitudinal datasets to assess the performance of ML,
and their results showed that the model was able to extract
spatio-temporal features other algorithms cannot, with better
diagnostic capabilities [area under the receiver operating
characteristic (AUROC): 0.89 to 0.93]°*. Li et al™ developed
a clinical DL system for prediction and stratifying the risk of
glaucoma onset and progression based on color FPs, the study
results proved that the feasibility of DL algorithms in the early
detection and prediction of glaucoma progression. Al, ML,
and DL will play a crucial role in glaucoma, with implications
for early diagnosis of vision impairment in the setting of aging
populations globally™".

Together, Al is expected to provide automated devices to

ophthalmologists for early diagnosis and timely treatment of

ocular disorders in the near future™”

. Therefore, we performed
this systematic review and Meta-analysis to quantify the
performance of Al for the detection of glaucoma in SD-OCT.
MATERIALS AND METHODS

Protocol and Registration We registered our protocol on
PROSPERO (https://www.crd.york.ac.uk/PROSPEROY/),
whose registration number was CRD42023431060. This
systematic review and Meta-analysis adheres to The PRISMA
extension for Diagnostic Test Accuracy (PRISMA-DTA) in
20182,

Eligibility Criteria All papers that reported Al algorithms
in SD-OCT images for glaucoma diagnosis were taken into
account. The inclusion criteria in detail were as follows: 1)
Based on Al including DL or ML, glaucoma can be detected
by SD-OCT single-modal images or SD-OCT combined with
VF/fundus photography multimodal images. 2) Clearing the
definition of glaucoma including POAG or PACG or both.
3) The outcomes consist of sensitivity, specificity, and so on.
4) Al is generally divided into a test set and a training set,
the training set is used to train the Al model for diagnosing
glaucoma, and the test set ultimately selects the performance of
the optimal model. Only the test set data were used for Meta-
analysis in this study, and if the literature did not report the
grouping of the specific training set and the test set, the data of
the entire sample set were recorded. 5) The language is limited
to English. The exclusion criteria were as follows: 1) ongoing
or unpublished studies, 2) using other multimodality images
such as fundus photographs, anterior segment-OCT and FFA,
3) publication forms including conference, review, Meta-
analysis, and case report, 4) studies cannot extract the specific
outcomes.

Information Sources, Search Strategies and Study
Selection We searched six databases from PubMed, Web
of Science, Cochrane Library, ScienceDirect, ProQuest
and Scopus by May 31, 2023. The following search terms:

LEINNT3

“artificial intelligence”, “deep learning”, “machine learning”,
“Computational Intelligence”, “Machine Intelligence”,
“Computer Reasoning”, “Computer Vision System”,
“Knowledge Acquisition”, “Knowledge Representation”,
“glaucoma”, and “optical coherence tomography”.

Data Collection and Definitions for Data Extraction Two
investigators (Shi NN, Li J) independently screened the
literature, and if there were discrepancies in the results, the
third investigator (Liu GH) would discuss them together.
Then the data from the included studies were extracted by
a researcher (Shi NN) and were rechecked by another (Cao
MF). The extracted baseline data consist of study, year, study
characteristics, datasets, device, total image numbers, image
quality, outcome, method, methodology, sensitivity, and
specificity.
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Risk of Bias and Applicability Quality Assessment of
Diagnostic Accuracy Studies-2 (QUADAS-2) has been widely
used to assess the risk of bias in accuracy studies of diagnostic
tests. QUADAS-2 tool is composed of patient selection, index
test, reference standard, flow and timing. The first three parts
are assessed in terms of clinical applicability. Two researchers
(Shi NN, Li J) independently applied the QUADAS-2 tool to
evaluate the quality of the included literature. If there were
some disagreements, the third researcher (Liu GH) would
negotiate and solve them.

Diagnostic Accuracy Measures and Synthesis of Results
The diagnostic accuracy indicators (sensitivity and specificity)
of the included studies were reported in the baseline data table.
The values of true positive (TP), FP, false negative (FN) and
true negative (TN) were calculated by Review Manager5.4
according to the number of researchers, sensitivity, and
specificity. For multiple groups of data in the same literature,
we regarded each subgroup as an independent study in this
meta-analysis. The sensitivity, specificity, positive likelihood
ratio (PLR), negative likelihood ratio (NLR), diagnostic odds
ratio (DOR), summary receiver operator characteristic (SROC)
and area under curve (AUC) were combined to quantify the
performance of Al for the detection of glaucoma in SD-OCT.
Meta-analysis and Additional Analyses The risk of bias
for included studies was performed using Revman5.4. All
Meta-analysis and addition analyses were presented with
the Statal6.0. The Spearman correlation coefficient was first
calculated to determine whether there was a threshold effect.
When there was no threshold effect among the included
studies, the Chi-square test was further used to analyze the
statistical heterogeneity among the results of the included
studies, and I was used to quantitatively determine the degree
of heterogeneity. If °<50%, the fixed effect model was applied
for the combined analysis, otherwise the random effect model
was used. Meta-regression was utilized to detect the cause
of heterogeneity. Then, subgroup analyses were conducted
according to different methods (regions, methods, outcomes,
and devices). Deek’s funnel plot and sensitivity analysis were
applied to judge the publication bias and evaluate the stability
of the analysis results.

RESULTS

Study Selection We searched 1373 records initially, about 394
from PubMed, 324 from Web of Science, 17 from Cochrane
Library, 79 from ScienceDirect, 275 from ProQuest, and 284
from Scopus. The 405 duplicates were removed, and then
we excluded 903 by reading the titles and abstracts of the
literature. Finally, the remaining 65 papers were downloaded
in full text and screened carefully, resulting in the inclusion of
20 pieces of literature that met the eligible criteria. Figure 1
shows the literature selection process.
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Figure 1 Study selection flow diagram.

Study Characteristic The detailed study characteristics are
presented in Table 1. A total of 20 studies”’*" were included
in the article which comprises 51 models. The studies were
published in years from 2014 to 2023 and involved 13
diverse countries/regions [Australia, Brazil, China, India,
Japan, Korea, Pakistan, Singapore, Romania, Spain, Taiwan
(China), United States, and Nepal], two of which were
multicenter surveys. The types of research covered prospective,
retrospective, cross-sectional, and cohort observational studies.
In terms of the device, there were 3 types including Topcon
3D OCT, Heidelberg Spectralis OCT and Cirrus Zeiss OCT.
Fourteen studies reported POAG as the outcome indicator,
and the remaining covered glaucoma (POAG and PACG)
as the outcome. The DL was a commonly used method and
was adopted in 12 studies. The ML method was utilized in 7
studies. Only 1 article used both methods.

Risk of Bias and Applicability We applied the QUADAS-2
tool to assess the quality of included studies (Figure 2). The
13 included studies were high quality with low risk of bias
and applicability concerns. There are 3 studies”’”"*'" that
did not report whether consecutive or random cases were
included, thus patient selection and applicability concerns

(3943441 014

were rated as “unclear risk”. Another 3 articles
not judge whether the gold standard correctly distinguishes the
target discase states, therefore we assess reference standard
and applicability concerns as “unclear risk”. One study'”
was graded as “high risk” for flow and timing due to the

modification of inclusion criteria after upgrading the software,



www.ijo.cn
@163.com

No. 3, Mar. 18, 2024

Vol. 17,
8629-82245172  8629-82210956

Int J Ophthalmol,

Tel

: ijopress

il

Ema

133Ud) |e2IPaI Sunswes

006'0/8L60 6T9OANND 1a 9v0d |axid 9£Tx9/T 887L 120 120 SSI3Z sniaD 40 d1ul) ewoone|9 ayL Apnis aandadsonay 2310y 020z ‘wiy
120 [e)dsoH Ausianlun |euoneN
T/L¥6'0 19NSVYN 1a 9vO0d / LS9 120 SSI3Z ‘0’9 SNAID  |NO3S DIuI) BWOdNE|D BYL  Apnis aAndadsoulay e3.10)| 020z ‘@91
ejuewoy 1saJ4eyong ‘|lendsoH Ayisianiun
ur 056'0/079°0 Aouadisw3 ASojowieyrydo
aJodeduls Jo uawedaq ay) pue Apnis [euondas
u1 0S6°0/0S8°0 49 pue 4y ‘INAS Y1 N 9v0d / / 120 100 SS13Z snu) - anusu| 9A3 asodeduls ay L -$5040 9A0adsOld  eluewoy/alodesuls €20 M
ledaN
ur06£°0/06L°0
m_.uc_ ) ASojowjeyiydQ Jo aymunsu|
ul 0T£'0/0€60 eSue3|i| pue ‘uonepuno4
YH Ul 0E£°0/0EL°0 1a (ag) eAejesyiaN euehesep ‘Suoy
|euoisuawip 8uoH jo Ajissaniun asauly) ayyl  Apnis aapdadsouyal |ledan/elpu|
SN Ul 08£°0/098°0 puiygeiq -9yl ewoone|9 / 19v¢C 120 120 SSI3Z snuii)  ‘DUIdIP3AIAl JO |00YdS piojuels JayuednniA ‘eulyd/sare1s panun 2oz ‘AnoN
0S6°0/T¥6°0 150049X
S¥6°0/¥26'0 ER|
026'0/%L8°0 0'sd
100 sljesyoads |exdsoH Ausianiun
076'0/€€6'0 INAS N 91N 10 5V0d / / JApUBLDO  843qjepIaH |euonen Suessuoaho Apnis aandadsonay eaJoy 1202 ‘Yo
€€8°0/T val
€€8°0/T |
0S2°0/T 934 uoisidaq
099°0/008°0 INAS
jaselep wum>_\_n_
£S8°0/T NNX N 9v0 1dp 00ZX002 / 120 / pue 1aselep (A3|9pusin) ognd  Apnis aAdadsoa1aY elpuj 120¢ ‘yduis
126'0/€€8°0 (1dI129)9199A
756'0/8€6'0 (14NY)9T9OA
(£z yr8uans 120 |e}dsoH Avsianlun |euoneN
756'0/968°0 (1d129/14NY)NDDIQ 1a 9v0d |eusis) sueas Ayjjenb-ysiy LLL 120 SSI3Z ‘0’9 SnID  |NO3S Dlul) ewodne|9 YL Apnis aApdadsoulay 23,10} 120T ‘uns
100 sljetyads Aloysoday 0202
788°0/L06'0 YEIONSY 1a 9v0d s|axid 96t7x96% 9080C 120 81aq|aplaH ewoone| a3nQ ayL Apnis |euonoas-ssou) S91e1S PajUN ‘uosdwoy |
¥16°0/828°0 19Newoodnen
8€8'0/098°0 8T-19NSaY 1a
€88'0/878°0 NN
12055132 (S31v7) Apmas
096°0/L18°0 INAS N ewoone|9 |axid 00Zx00¢ / 120 ‘000 Sn4I1D 9A3 ouneq saja8uy S0 9y L Apnis Loyod $91e1S PajuN 6T0C ‘Buep
100 sljesyoads |endsoH
00£°0/0S8°0 NAS TN ewodne|n 0z 3se9| 1e jo xapul Ayljenb vy / 120 Siaq|oplaH Ayisianlun d1joyie) uar-n4 3yl Apnis [BUOLIIS-SS0UD euly) ‘uemie| 2202 ‘"W
o1l 9Ag
asem| lwife] ay3 Jo [eydsoH Apnis [euonealasqo
096'0/626'0 ER| N 9v0 sjaxid 8ZTxZTS / 120 120 @g uoddoy oAyoL Jo Aussaniun ayL aAnoadsold ueder ¥T10T ‘ePIYSOA
(2315r) Suoy uoH
40 Ajisianiun asauly) ayi pue
AlISJI9AIUN NOJURYS JO JBIUB) Apnis [euoneaasqo
006'0/186'0 €A-uondasul :NND 1d ewoone|9 uonn|osau yo syuod $Z0T 10ST 120 100 @€ uoddol 943 |euoneuIRU| NOJUEYS JuIof aA0adso.d eulyd 020t ‘8udayz
3dS/N3S A3ojopoyis N poysIn awonnQ Anjenb a3ew) mwMM%_ S|epolAl ERIIET] syaseleq sonsueeIeyd Apnis uoigai/Aiuno)d Apnmis

Sa1pNn1s papn|aul Jo sonsualIeIRYD Jiseq T d|qeL

411



Al for detecting glaucoma with OCT images

‘pIaY [ensiA :4A ‘AydesSowoy
92UaJayod [eaidQ :1D0 ‘ewodne|d uoisual [ewdoN :OIN ‘ewoone|d 9j8ue uado Alewild :9y0d ‘ewoone|d aj8ue uadQ :DVO (TIN 1500gepy YAy (9341 uoneayisseld :33Y1D SUonda|as d|quiasul :SNI
‘1saJ40) wopuey :NVY ‘uonouny siseq |eipey 49y ‘uosrdadiad JoAe| 000X FSO00X $S00X $S00X 4S00X 4S00X 4S00X JS00X JS00X LN :d1IA ‘uiyoew 103193 Joddns ueissnen :HIAAS ‘Dulyoew J01I3A
poddns Jeaur :TINAS ‘saAeg-anieN :gN ‘Suid3eg :oyg H40misu BwodINE|3 UojjUSIe [BNPISAY (1I9NDVY HMOMISU Ydueas 34n3da}iydJe |eanapN :3I9NSYN ‘8uilsooq jusipess :go ‘uoissaudal o13s18o07 Y7

90 uolj3uen 1d|DD ‘4aAe| Jaqy SAJaU [euldY (T4NY SH4OMIBU [BINBU [eUOEN|OAUOD Indul-lend :NNDIQ 3}JOMIBU [eIN3U [BUOLIN|OAUOD da3p [BNpISaY

‘sishjeue jueuIWILOSIP Jeaur (yq] “aAe| wuoyixa|d Jau

:19NS?Y ‘4oquSIaN 1s24e3N-Y (NN ‘@uiydew 103129A 10ddng :AAS ‘S1S210) WopuUeRY 4y JOMIBU [BINBU |RUOLIN|OAUOD) INND ‘Suluied] aulydeln A ‘Sulules) daaq :1q ‘Aloyioads :3dS ‘AlAnISURS :NIS

S16'0/L96°0 NN
056°0/€86°0 NAS
e)dsoH Aysianiu
516°0/£86°0 14 |ENASOH ASIBAUN
100 sljes3oads |leuoneN Sues3uoaAo pue
0S6'0/€86'0 0'sd 1a 51N 40 5YOd / / 4A pPUB 100 84aq|aplaH |endsoH Aussaniun yoosueq  Apnis aandadsonay €310y £10T ‘Wi
viva
/Tv1va :(0l4v) ASojowieyiydo
0£8'0/6L6°0 9T-D9A:NND 1a ewoone|y s|axid 9GHxTS6 96T 120 120 Q€ uoadoy. 40 23N31SU| S32404 paWY Apnis aandadsonay ueispied 020z ‘eley
(san|q Jo s1oeynue 4AR120 (002)
€58°0/568°0 NND 1a ewooane|y 1noyum) Ayjenb poos S6€ET 4APUE [D0 L1DO @€ uoddol  Ja1ud) dlwleylydo ueyssuoyz  Apnis aandadsolay eulydy 220g ‘8uos
816'0/¥66°0 1@ pasodoud
956°0/T 9199A 130 stjenads
819q|9pIaH ‘100 AsupAs MSNN ‘YajeaH
9S6'0/T ST-19NS3Y 1a 9v0d s|axid L6TxESE / 120 SSI13Z snp 9A3 4oy a13ua) By Apnis aapdadsosay eljesnsny 2202 49y
RIH o]
9A3 epay|| 10 pue ‘dudIPaA
40 AJISIBAIUN [BINIDRSRId
010AY Jo |eudsoH Alsianiun
‘lendsoH Ansianiun exesQ
‘le}dsoH |elJOWa|Al BWIYSOIIH
‘|endsoH |esauan oAyo dr Apnis
‘lendsoH aA3 aAnou| ‘jexdsoy  sisouSelp uonninsul
006'0/998°0 / 1a 9v0 / 9TEY 150 120 ag uoadoy oAxoL jo Ausiaaiun ayL -ninw ‘aAndadsold ueder 610€ ‘eyoesy
008'0/9€L°0 vav
008'0/09%°0 EERTTo)
008'0/¥19°0 SN3
008°0/6¥9°0 NvY
008°0/6TL°0 19y
008°0/16%°0 4N
008'0/095°0 SINAS
008'0/0S¥°0 TAAS
. ) (dINV2INN) Apnis [euondas
008'0/789°0 N seuidwe) Jo AJISI9AIUN BY)  -SSOJD ‘|eUOLIBAIISHO
008'0/8£5°0 5ve A 5v0d / / 120 120 SSI13Z snup 40 01AISS BUWIOdNE|H BY | ‘annoadsold |1zesg €10T ‘e||2Jeg
956'0/S¥L°0 931} paylpow v
uounypsul Apnis [euopdas
588'0/068°0 9243 uoIsap paunad ay | TN ov0 / / 100 120 @g uoadop |eyidsoH epeigejuany -55040 |BUOLIBAISSAO ureds 120¢ ‘zoweds]
6T99A s|axon 120 @€ uoddoy (ag1)
YHM 1ONOVY ‘9TOOA YUm 8TTXCTSxS88 €-90-P|OA 100 sljesdads  Suldaulduaolg ul uoeaouu|
£S8'0/6SL°0 19NOVY ‘6T9OA ‘9TOOA 1a 9v0d ‘sjoxid 89/x96v :7/T-90-4210 / 120 819qapIaH pue ydieasay o4 21n1isu| Apnis anpdadsoliay uteds 120T ‘epien
3dS/N3S ASojopoylan poylen awooInQ Ayjenb a8ew) saew! |e10] S|epolnl ERINET] sjaseleq sonsuaoeIeyd Apnis uoi8ai/Aiuno)d Apnis

(panunuod) salpnis papnjdul o sousiIdRIEYD diseq T d|qeL

412



Int J Ophthalmol, Vol. 17, No.3, Mar. 18, 2024 www.ijo.cn
Tel: 8629-82245172  8629-82210956  Email: ijopress@163.com

Risk of Bias Applicability Concerns

Flow and Timing

Akter2022

-~

Asaoka2019

~ | @ | @ |Reference Standard
~ | @ | @ |Reference Standard

Barella2013

Escamez2021

L b
-~

Garcia2021

Kim2017

Kim2020

Lee2020

Li2023

Noury2022

0Oh2021

> 0000 e e e
V90 e e e e e

Raja2020

~ O DO O OO OO O O @ @ |ratient Selection

~ OO OO OO OO O O @ @ |Pratient Selection
O OO OO OO OO OO OO OO O ® ndexTest

® 00000000606 000 00 0| 0 @ ndTs

Singh2021

Song2022

-~
-~

Sun2021

Thompson2020

Wang2019

000

Wu2022

5 000

Yoshida2014

Zheng2020

| @ High @ Low |

Figure 2 Risk of bias assessment of included studies via QUADAS-2

? Unclear

tool.

which resulted in not all participants being enrolled in the
analysis. The other study'” extracted possible diagnostic
features of glaucoma and did not indicate whether all patients
received only the same gold standard, so flow and timing was
given an “unclear risk”.

Performance of Al in Glaucoma Detection and Synthesis
of Results The threshold analysis was tested first whether
there was a threshold effect. The result proved there was a
low heterogeneity (Spearman correlation coefficient =0.22).
Figure 3 demonstrates the paired forest plot for sensitivity and
specificity with 95%CIs for each study. The pooled sensitivity
and specificity were 0.91 (95%CI: 0.86-0.94, '=94.67%), 0.90
(95%CTI: 0.87-0.92, '=89.24%). Figure 4 displays the paired
forest plot for PLR and NLR with 95%CIs for each study.
The pooled PLR and NLR were 8.79 (95%CI: 6.93-11.15,
'=89.31%), 0.11 (95%CI: 0.07-0.16, I’'=95.25%). Figure 5
shows the forest plot for DOR and SROC curve with 95%ClIs.
The pooled DOR and AUC were 83.58 (95%Cl: 47.15-148.15,
=100%), 0.95 (95%CI: 0.93-0.97).

Addition Analyses With the high heterogeneity of this Meta-
analysis, Meta-regression was performed to analyze the
reasons. We proceeded with the analysis in four dimensions,
namely, regions, methods, outcomes, and devices. Then,
subgroup analyses were conducted according to diverse
causes. The detailed results showed in Table 2. Deek’s funnel
plot of each mode 1 (Figure 6) was tested to evaluate the
publication bias (P=0.32), which indicated no clear bias in this
Meta-analysis. The result of sensitivity analysis was presented
in Figure 7. The picture clearly showed that the Meta-analysis
has good stability.

DISCUSSION

The diagnosis of glaucoma in its early stages is challenging.
This Meta-analysis included 20 studies and 51 models in order
to investigate the performance of Al in detecting glaucoma.
Based on our results of Meta-analysis in the paper, it is
confirmed that there is a high accuracy for the detection of
glaucoma with Al in SD-OCT images. Thus, the application of
Al-based tools for detecting glaucoma may provide substantial
benefits for early detection, prevention, and treatment of the
disease.

Glaucoma is an eye disease that causes optic nerve damage
and progressive VF loss due to increased IOP™*”). This leads to
progressive deterioration of the VF, usually starting from the
mid-periphery and progressing in a centripetal direction until
eventually only a central or peripheral vision remains'™. The
carly stage of glaucoma is not easy to be detected, resulting
in delayed treatment and irreversible visual impairment.
Therefore, early detection is essential to glaucoma treatment as
it can prevent further vision loss'"”.

Common to all glaucomatous eyes is the loss of retinal
ganglion cells and thinning of the RNFL, particularly the cup
thinning of the optic disc*”. Rapid advances in ophthalmic
imaging in recent years have presented opportunities and
challenges. Assessment of the optic disc and VF using OCT
imaging, fundus photography, and standard automated VF
meter helps in the clinical diagnosis of optic nerve damage in

B9 Detection of structural changes in glaucoma has

glaucoma
traditionally relied on the evaluation of fundus photographs.
However, photographs cannot be quantified and there is little
consistency in experts’ judgment of optic disc photographs.
OCT overcomes the limitations of fundus photography by
allowing objective quantitative measurements of the RNFL,
optic disc, and macula, which can aid in the diagnosis and
progression analysis of glaucoma”". In contrast to OCT, the
ability of VF examinations to detect disease progression is
influenced by the stage of the disease. In the natural course
of glaucoma, structural and functional damage may not occur
at the same time, and in the early stages, the likelihood of
detecting disease using OCT is higher because structural
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Studyld ! SENSITIVITY (95% Cl) Studyld | SPECIFICITY (95% CI)
| |
Kim/2017 l_' 0.96 [0.91 - 0.99] Kim/2017 — 0.98 [0.91 - 1.00]
Kim/2017 — 0.98 [0.94 - 1.00] Kim/2017 —l—.— 0.95 [0.86 - 0.99]
Kim/2017 | . 0.98[0.94 - 1.00] Kim/2017 | —m 0.98[0.91 - 1.00]
Kim/2017 | 0.98 [0.94 - 1.00] Kim/2017 ——— 0.95 [0.86 - 0.99]
Raja/2020 = 0.98[0.94 - 1.00] Raja/2020 —.]— 0.88(0.76 - 0.95]
Song/2022 # 0.90 [0.87 - 0.92] Song/2022 —- 0.85[0.82 - 0.88]
Akter/2022 E | 0.99[0.97 - 1.00] Akter/2022 | — 0.98 [0.94 - 0.99]
Akter/2022 1 1.00[0.98 - 1.00] Akter/2022 | —- 0.96[0.91-0.98]
Akter/2022 1.00 [0.98 - 1.00] Akter/2022 —- 0.96 [0.91 - 0.98]
Asaokal2019 —ml 0.87[0.79-0.92] Asaokal2019 0.90[0.82- 0.96]
Barella/2013 —a— | 0.74 [0.60 - 0.84] Barella/2013 0.80 [0.66 - 0.91]
Barella/2013 —— | 0.46[0.32-0.59] Barella/2013 —a— 0.80 [0.66 - 0.91]
Barella/2013 — . 0.61[0.48 - 0.74] Barella/2013 — 0.80[0.66 - 0.91]
Barella/2013 —a— | 065[0.51-0.77) Barella/2013 — 1 0.80 [0.66 - 0.91]
Barella/2013 — ] 0.72[0.58 - 0.83] Barella/2013 — 0.80[0.66 - 0.91]
Barella/2013 —— | 0.49[0.36 - 0.63] Barella/2013 —— 0.80[0.66 - 0.91]
Barella/2013 —a— 056 [0.42 - 0.69] Barella/2013 —_— 0.80[0.66 - 0.91]
Barella/2013 — I 0.46[0.32 - 0.59] Barella/2013 — 0.80 [0.66 - 0.91]
Barella/2013 —— | 0.68 [0.55 - 0.80] Barella/2013 — 0.80 [0.66 - 0.91]
Barella/2013 e | 058044 -0.71] Barella/2013 — &7 0.80[0.66 - 0.91]
Escamez/2021 —— 0.74[0.64 - 0.83] Escamez/2021 - 0.95[0.88 - 0.99]
Escamez/2021 — 0.89[0.81 - 0.95] Escamez/2021 — m— 0.88[0.79 - 0.94]
Garcial2021 —m— | 0.76 [0.68 - 0.82] Garcial2021 0.86(0.80 - 0.91]
Kim/2020 | 0.99[0.97 - 1.00] Kim/2020 0.90[0.83 - 0.95]
Lee/2020 L, 0.94[0.87 - 0.98] Lee/2020 E | 1.00[0.98 - 1.00]
Lir2023 —n—— | 0.63[0.49-0.76] Lir2023 —+—m 0.95(0.88-0.99]
Lif2023 | 0.85(0.81-0.88] Lir2023 | 0.95(0.93-0.97]
Noury/2022 —a— 0.79[0.70 - 0.86] Noury/2022 — | 0.79[0.69- 0.87)
Noury/2022 EES 0.93(0.88 - 0.96] Noury/2022 —n 0.71[061-0.80]
Noury/2022 —— | 0.73[0.65 - 0.80] Noury/2022 —a— | 0.73[0.63-0.81]
Noury/2022 — 0.87[0.78-0.93] Noury/2022 —— | 0.77[0.65-0.87]
Oh/2021 E 3 0.94(0.92-0.96] 0ON/2021 e B 0.95(0.92-0.97]
Oh/2021 - 0.92(0.89 - 0.95] 0Oh/2021 | 0.94(0.92-0.97]
Oh/2021 - 0.87[0.84 - 0.90] On/2021 +E- 0.92(0.89- 0.95]
Oh/2021 L 0.93[0.90 - 0.95] 0On/2021 - 0.92[0.89- 0.95]
Singhr2021 —a 1.00(0.95 - 1.00] Singh/2021 — 0.83(0.72-0.91]
Singh/2021 | 1.00[0.95 - 1.00] Singh/2021 — 0.83(0.72-0.91]
Singh/2021 | 4 1.00 [0.95 - 1.00] Singh/2021 —— | 0.76 [0.64 - 0.85]
Singh/2021 —— 1 0.80 [0.69 - 0.89] Singh/2021 — | 0.66 [0.563 - 0.77]
Singh/2021 —u 1.000.95 - 1.00] Singh/2021 — 0.86[0.75- 0.93]
Sun/2021 - | 0.83[0.80 - 0.87) Sun/2021 im- 0.92(0.89- 0.95]
Sun/2021 0.94[0.91 - 0.96] Sun/2021 | 0.95(0.92-0.97]
Sun/2021 0.90 [0.86 - 0.92] Sun/2021 — 0.95[0.92-0.97)
Thompson/2020 0.91[0.84 - 0.96] Thompson/2020 — ml 0.88[0.79- 0.94]
Wang/2019 —— 0.83[0.74 - 0.90] Wang/2019 —im— 0.91[0.85- 0.96]
Wang/2019 —+ 0.86[0.77-0.92] Wang/2019 —m— 0.84(0.76 - 0.90]
Wang/2019 —&— 0.83[0.74 - 0.90] Wang/2019 —.— 0.88[0.81-0.93]
Wang/2019 —— 0.82[0.72-0.89] Wang/2019 —a 0.96 [0.91-0.99]
Wu/2022 - | 0.85[0.81-0.88] Wu/2022 —a— | 070 (0.64 - 0.76]
Yoshida/2014 —- 0.93[0.87-0.97) Yoshida/2014 0.96 [0.90 - 0.99]
Zheng/2020 | - 0.98[0.94 - 1.00] Zheng/2020 0.90[0.87 - 0.93]
COMBINED - 0.91[0.86 - 0.94] COMBINED <k 0.90[0.87 - 0.92]
| Q=938.20, df = 50.00, p = 0.00 | Q=464.78, df = 50.00, p = 0.00
| 12 = 94.67 [93.75 - 95.59] | 9.24 [86.95 - 91.53]
T T T T
03 1.0 05 1.0
SENSITIVITY SPECIFICITY

Figure 3 The forest plot of the pooled sensitivity and specificity.

Studyld | DLR POSITIVE (95% Cl) Studyld | DLR NEGATIVE (95% Cl)
Kim/2017 —{I.— 57.82[8.28 - 403.92] Kim/2017 : 0.04[0.01-0.10]
Kim/2017 19.64 [6.52 - 59.18] Kim/2017 0.02(0.01 - 0.08]
Kim/2017 . 58.91[8.43 - 411.47] Kim/2017 | 0.02(0.01-0.07]
Kim/2017 _F.— 19.64 [6.52 - 59.18] Kim/2017 | 0.02(0.01-0.08]
Raja2020 8.16[3.85-17.30] Raja/2020 0.02[0.01-0.07]

Song/2022 ] 6.07 [5.07 - 7.26] Song/2022 F 0.12[0.10 - 0.15]
Akter/2022 | —a.— 44.75[16.98 - 117.94] Akter/2022 0.01[0.01-0.04]
Akter/2022 | —— 21.24[11.02 - 40.94] Akter/2022 | 0.00 [0.01 - 0.05]
Akter/2022 —— 21.24[11.02 - 40.94] Akter/2022 0.00[0.01 - 0.05]
Asaoka/2019 + 8.90 [4.59 - 17.26] Asaoka/2019 J-.— 0.15[0.09 - 0.23]
Barella/2013 —— 3.77[2.05- 6.90] Barella/2013 | —a— 0.33[0.21-0.52]
Barella/2013 —.— 2.33[1.22-4.47) Barella/2013 | — 0.68[0.51 - 0.89]
Barella/2013 —— 3.14[1.69 - 5.84] Barella/2013 —.,— 0.48 [0.34 - 0.69]
Barella/2013 —— | 3.32[1.79-6.14] Barella/2013 | — 0.44[0.30 - 0.64]
Barella/2013 —— | 3.68[2.00 - 6.75] Barella/2013 | —— 0.35[0.22 - 0.54]
Barella/2013 —— | 251[1.32-4.77) Barella/2013 | — 0.63[0.47 - 0.85]
Barella/2013 —— 2.87[1.53-5.38] Barella/2013 —— 0.55[0.39 - 0.76]
Barella/2013 —m— | 233[1.22-447) Barella/2013 | —_— 0,68 [0.51- 0.89]
Barella/2013 —— | 350 [1.90 - 6.45] Barella/2013 | —a— 0.39[0.26 - 0.59]
Barella/2013 —— 2.96 [1.58 - 5.54] Barella/2013 | —— 052(037-0.73]
Escamez/2021 —— 15.82 [6.03 - 41.49] Escamez/2021 —— 0.27(0.19-0.38)
Escamez/2021 —m— 7.56[4.20 - 13.59] Escamez/2021 - 0.13(0.07-0.23]
Garcia/2021 B o 5.33[3.66 - 7.75] Garcia/2021 | —.— 0.28(0.21-0.38]
Kim/2020 +— 10.27 [5.70 - 18.52] Kim/2020 | & 0.01[0.01-0.04]
Lee/2020 —_— 369.09 [23.16 - 1000.00] Lee/2020 ml 0.060.03 - 0.14]
Li2023 —to— 12.79 [4.82 - 33.94] Li2023 | —— 0.39[0.27 - 0.55]
Li/2023 | .- 17.40 [11.45 - 26.46] Li/2023 | - 0.16[0.13 - 0.20)
Noury/2022 —_ 3.70 [2.45- 5.57] Noury/2022 —— 0.27[0.18 - 0.39]
Noury/2022 - | 3.25[2.37 - 4.46] Noury/2022 —*— 0.10[0.06 - 0.17]
Noury/2022 - | 2567[1.91-3.74] Noury/2022 —— 0.37[0.28 - 0.50]
Noury/2022 —_ | 3.81[2.42-5.98] Noury/2022 - 0.17[0.10 - 0.30]
0Oh/2021 —— 18.69 [12.05 - 28.98] 0Oh/2021 | 3 0.06[0.04 - 0.09]
0Oh/2021 | 16.57 [10.93 - 25.14] 0Oh/2021 ) 0.08[0.06 - 0.11]
0Oh/2021 1= 10.99 [7.78 - 15.52] 0Oh/2021 | 3 0.14[0.11-0.18]
0Oh/2021 - 11.72[8.31 - 16.53] 0Oh/2021 - 0.070.05 - 0.10]
Singh/2021 — 5.64[3.41-9.33] Singh/2021 0.01[0.01-0.14]
Singh/2021 —m 5.64[3.41-9.33] Singh/2021 0.01[0.01-0.14]
Singh/2021 — | 4.03[2.68 - 6.05] Singh/2021 0.01[0.01-0.15]
Singh/2021 -o- | 2.33[1.65 - 3.29] Singh/2021 | — & 0.30(0.18 - 0.50]
Singh/2021 —— 6.71[3.84-11.74] Singh/2021 | S 0.01[0.01-0.13]
Sun/2021 - 10.50 [7.19 - 15.33] Sun/2021 | 0.18[0.15-0.22]
Sun/2021 | —— 19.68[12.00 - 32.27] Sun/2021 | 3 0.07[0.05-0.09]
Sun/2021 —— 18.82 [11.47 - 30.87) Sun/2021 0.11[0.08-0.14]
Thompson/2020 7.53[4.31-13.15] Thompson/2020 0.10[0.05-0.19]
Wang/2019 9.63[5.43 - 17.08] Wang/2019 —— 0.19[0.12-0.29]
Wang/2019 ——| 5.24[3.52-7.82] Wang/2019 HE— 0.17[0.10 - 0.28]
Wang/2019 7.07[4.35-11.47) Wang/2019 | 0.19[0.12-031]
Wang/2019 20.92[8.81 - 49.67] Wang/2019 —je— 0.19[0.12 - 0.29]
Wu/2022 3 | 2.84[2.34-3.44] Wu/2022 | - 0.21[0.17-0.27]
Yoshida/2014 26.00 [8.55 - 79.07) Yoshida/2014 0.07[0.04-0.14]
Zheng/2020 9.90(7.35-13.35] Zheng/2020 | 0.02[0.01-0.07]
COMBINED <+ 8.79[6.93 - 11.15] COMBINED <= 0.11[0.07 - 0.16]
| Q=561.97, df = 50.00, p = 0.00 | Q=1053.13, df = 50.00, p = 0.00
| 12=89.31 [89.31 - 92.89] 1 12 = 95.25 [94.46 - 96.04]
T T T T
12 1000.0 0 1
DLR POSITIVE DLR NEGATIVE

Figure 4 The forest plot of the PLR and NLR PLR: Positive likelihood ratio; NLR: Negative likelihood ratio.

changes such as ganglion cell loss and thinning of the  diagnosis of glaucoma has continued to expand in recent years.

RNFL usually occur before loss of function as detected by ~ One is the single-path method, which inputs single-type data.

[52

conventional VF testing””. In advanced stages of the disease, ~ The other is a multimodal fusion image, which is combined

loss of function and thus VF defects are more appropriate to  with two or more types of data””. A number of studies have

53-54

be detected using VF testing™>". Reliable computer-assisted ~ shown that multimodal imaging based on DL can detect
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Rajal2020 349.56(83.95 - 1455.58)
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Barellar2013 7.61[306 - 18.88]
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Nouryr2022 21.829.44 - 50.41] n
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Singhi2021 659.88(38.25 - 11383.64]
Singhi2021 659.88[38.25 - 11383.64]
singhi2021 | 431.06[25.35 - 7330.07]
Singh/2021 7.67 (356 - 16.49]
Singhi2021 812.43[46.63 - 14154.41]
/2021 58,00 [36.03 - 93.38]
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Suni2021 17250[04.81 - 313.85]
Thompson/2020 7354 [28.99 - 186.51]
Wangr2019 51.19 22,55 - 116.20]
Wang/2019 31.36 [14.81 - 66.37)
Wang/2019 3626 [16.93 - 77.65]
Wang/2019 109.98(38.98 - 310.32]
13210.18- 19.01]
Yoshidar2014 351.00(92.18 - 1336.47)
Zheng/2020 455.13[138.50 - 1495.61] 0.0
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1 Q= 46e+32, df = 50.00,p = 0.00
H 12.= 100,00 [100.00 - 100.00]
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Figure 6 Deek’s funnel plot of each model.

glaucoma with higher accuracy, which can further improve the
performance of glaucoma diagnosis”>>>"".

OCT is a non-invasive imaging technique”. In recent years,
there has been a continuous iteration of OCT technology,
from the earliest TD-OCT to the current SD-OCT and swept-
source OCT (SS-OCT). The latter achieves faster scanning
and higher axial resolution and incorporates innovations such
as real-time eye-tracking to compensate for eye movements
during data acquisition and minimize motion artifacts”™’. SD-
OCT is currently one of the most commonly used auxiliary

I 'However, the diagnostic

tests for the diagnosis of glaucoma
accuracy may be challenged by the enormous workload due

to the necessity of manual image processing, relevant inter-

Meta-analysis estimates, given named study is omitted
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Figure 7 Sensitivity analysis of each model.

observer variability, and interference factors (e.g., extreme
refractive errors). Currently, Al is generating global interest.
The development of Al algorithms to analyze images and reach
the diagnosis of diseases has a huge impact on the medical
field®". Hence, improving the diagnostic efficacy of glaucoma
based on Al algorithms combined with SD-OCT images can
help ophthalmologists make quick clinical decisions and
further facilitate glaucoma screening.

As shown in Figures 3-5, our results yielded robust and
consistent findings that lend support to the high diagnostic
accuracy of Al for the detection of glaucoma in SD-OCT
images. In this Meta-analysis, there exists a high accuracy
in detecting glaucoma, but with high heterogeneity. We
performed Meta-regression, with heterogeneity originating
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Table 2 Subgroup analyses and Meta-regression results
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0.00

Region

0.97

0.94 (0.92, 0.96) 92.62% 0.91(0.87,0.94) 94.06% 10.39 (7.38, 14.63) 93.74% 0.06 (0.04, 0.09) 93.52% 168.82 (90.82, 313.80) 100%

28

Asian

0.92

75.45% 6.84 (4.81,9.70) 76.38% 0.21(0.12, 0.36) 92.69% 33.08 (13.85, 79.05) 100%

0.88 (0.85, 0.91)

0.82(0.70, 0.89) 93.54%

23

Western

0.00

Method

0.92

94.23% 0.87(0.84, 0.90) 88.56% 6.67 (5.05, 8.79) 87.11% 0.18(0.11, 0.29) 94.54% 36.98 (19.30, 70.86) 100%

0.84 (0.76, 0.90)

27

ML

0.98

0.95(0.91, 0.97) 94.71% 0.92 (0.89, 0.94) 92.60% 11.94 (8.23, 17.32) 92.05% 0.06 (0.03, 0.10) 95.12% 209.55 (91.56, 4779.59) 100%

24

DL

0.06

Outcome

0.96

100%

0.91 (0.86, 0.95) 95.38% 0.91 (0.89, 0.93) 85.87% 10.23(7.73, 13.55) 86.58% 0.10 (0.06, 0.16) 95.89% 107.50 (52.10, 221.80)

39

OAG

0.93

0.88 (0.83,0.92) 88.39% 0.84 (0.79, 0.89) 88.18% 5.62 (4.09, 7.74) 85.38% 0.14 (0.09, 0.21) 89.44% 40.55 (21.54, 76.32) 100%

12

Glaucoma

Device

0.58

0.95

89.58% 0.90 (0.87,0.93) 71.39% 9.59 (6.89, 13.36) 50.19% 0.09 (0.05, 0.17) 89.10% 108.97 (52.58, 225.86) 100%

0.92 (0.85, 0.96)

7

Topcon 3D OCT

0.02

0.98

0.94 (0.91, 0.96) 93.56% 0.94 (0.89,0.97) 96.22% 15.72 (8.66, 28.53) 95.81% 0.06 (0.04, 0.10) 95.06% 243.19 (91.31, 647.67) 100%

10

Heidelberg Spectralis OCT

0.00

0.92

0.85(0.77,0.90) 93.78% 0.87(0.83, 0.90) 86.96% 6.38 (4.78, 8.52) 83.98% 0.17(0.11, 0.27) 93.84% 36.70 (19.21, 70.13) 100%

30

Cirrus ZEISS OCT

DL: Deep learning; ML: Machine learning; OAG: Open angle glaucoma; PLR: Positive likelihood ratio; NLR: Negative likelihood ratio; DOR: Diagnostic odds ratio; AUC: Area under curve.

from regions, methods, outcomes and devices. Results indicate
better diagnostic efficacy in detecting glaucoma in Asia than
in Western countries. It may be related to the high prevalence
of glaucoma in Asia'. In recent years, genetic and genomic
studies have identified important genes associated with
glaucoma that influence biological pathways and processes'®”.
In the future, the genetic architecture of glaucoma can be
determined in one step, enabling comprehensive genetic testing
13 In traditional forms, ML still
requires human-designed code to convert raw data into input

features'®. DL is a class of state-of-the-art ML techniques.

and gene-targeted therapy

DL models are a type of artificial neural network composed
of several layers of artificial “neurons”®'. It is confirmed
in several studies that DL systems have great potential to
improve glaucoma diagnosis'® ", While DL programs are
not standardized, and they generate great dependence on the
clinician on their final provider and cost. SD-OCT, which
could measure the ONH, RNFL, and macular parameters has
been a vital image modality in glaucoma practice'™. Pierro
et al”™ evaluated the RNFL reproducibility of various SD-
OCTs and showed that Heidelberg demonstrated high inter-
operator agreement. However, digital imaging in glaucoma
continues to develop, different devices perform high diagnostic
capabilities and are complementary to each other'"". This paper
reviews different studies from around the world demonstrating
the ability of Al algorithms to diagnose glaucoma using OCT
images. As ophthalmic imaging technology continues to
evolve, Al may play an important role in the near future of
healthcare!””.

The main shortcoming of this Meta-analysis is that the datasets
are different and the algorithms used in each study are their
own algorithms. Besides, a limitation of this analysis is that the
diagnosis of glaucoma was not the result of a single test but
rather an integrated interpretation of risk factors. Therefore,
misclassification due to this subjective assessment cannot be
completely ruled out. Future observations will be needed to
see how Al algorithms, when integrated with clinical practice,
affect clinical diagnosis and assess changes over time. Third,
many glaucoma patients have cataracts and corneal opacities,
which reduce the quality of the images. The performance of
DL and ML algorithms depends on the quality of the images,
and the exclusion of low-quality images from the study
may limit the effectiveness of the algorithms in real clinical
applications. Fourth, since the structural data were trained
and validated by the DL classifier, this might have biased the
diagnostic ability by overestimating the sensitivity-specificity
balance. It is also the reason of the high number of works with
sensitivity/specificity closed to 1. Fifth, the Meta-analysis in
this paper did not incorporate the training set. In the future, it is
necessary to increase the size of the dataset to validate the Al
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algorithm and improve its diagnostic accuracy for glaucoma.
Sixth, we did not compare the performance between Al and
human experts since limited data were available. Seventh, due
to the widespread use of SD-OCT, only studies with SD-OCT
were included in this study. However, with the continuous
development of ophthalmic imaging technology, it is necessary
to expand the scope of research to swept-source OCT in the
future. Additionally, some of included studies were reported
without specification. We should enhance the quality and
reliability of clinical ophtalmic Al research by following the
guildlines””. Finally, many AI programs work on the black
box, the internal algorithm-specific features extracted by
DL are especially complex to understand. It is imperative to
develop explainable Al (XAI) so as to interpret trained deep
networks to unbox the black-box"*,
In conclusion, our study found that Al is promising in
detecting glaucoma from SD-OCT. The application of Al-
based algorithms allows together with “doctor+artificial
intelligence” to improve the diagnosis of glaucoma. Improving
the diagnostic efficacy of glaucoma based on Al algorithms
combined with SD-OCT images can help ophthalmologists
make quick clinical decisions and further facilitate glaucoma
screening. More datasets established by new diagnostic
methods will be used in the future, which will be helpful in fundus
application screening, and reducing the work-load of physicians.
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