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Abstract

Objective: To summarize the accuracy of artificial intelligence (AI) computer vision algorithms to classify ear disease from
otoscopy. Methods: Using the PRISMA guidelines, nine online databases were searched for articles that used AI methods
(convolutional neural networks, artificial neural networks, support vector machines, decision trees, k-nearest neighbors) to
classify otoscopic images. Diagnostic classes of interest: normal tympanic membrane, acute otitis media (AOM), otitis media
with effusion (OME), chronic otitis media (COM) with or without perforation, cholesteatoma, and canal obstruction. Main
Outcome Measures: Accuracy to correctly classify otoscopic images compared to otolaryngologists (ground-truth). The Quality
Assessment of Diagnostic Accuracy Studies Version 2 tool was used to assess the quality of methodology and risk of bias. Results:
Thirty-nine articles were included. Algorithms achieved 90.7% (95%CI: 90.1 — 91.3%) accuracy to difference between normal
or abnormal otoscopy images in 14 studies. The most common multi-classification algorithm (3 or more diagnostic classes)
achieved 97.6% (95%CI: 97.3.- 97.9%) accuracy to differentiate between normal, AOM and OME in 3 studies. Compared to
manual classification, Al algorithms outperformed human assessors to classify otoscopy images achieving 93.4% (95%CI: 90.5 —
96.4%) versus 73.2% (95%CI: 67.9 — 78.5%) accuracy in 3 studies. Convolutional neural networks achieved the highest accuracy
compared to other classification methods. Conclusion: Al can classify ear disease from otoscopy. A concerted effort is required
to establish a comprehensive and reliable otoscopy database for algorithm training. An Al-supported otoscopy system may

assist health care workers, trainees, and primary care practitioners with less otology experience identify ear disease.
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Accuracy Weight
Study with 95% CI (%)
Wang 2021 _— 81.70[ 74.12, 89.28] 0.72
Tsutsumi 2021 —— 77.00[ 72.88, 81.12] 2.42
Crowson 2021 — 83.80[ 79.87, 87.73] 2.67
Basaran 2020 —— 90.48 [ 87.93, 93.03] 6.31
Goshtasbi 2020 — 77.00[ 72.88, 81.12] 2.42
Habib 2020 e — 76.00[ 70.52, 81.48] 1.37
Simon 2020 —— 81.40[ 78.93, 83.87] 6.77
Basaran 2019 B 97.95[96.82, 99.08] 31.96
Basaran 2019 s — 76.14[ 70.55, 81.73] 1.32
Lee 2019 = 91.00 [ 89.47, 92.53] 17.52
Seok 2019 o 92.90[ 91.24, 94.56] 14.94
Kasher 2018 82.10[ 74.87, 89.33] 0.79
Senaras 2018 84.35[ 82.18, 86.52] 8.78
Senaras 2017 — 84.60 [ 80.10, 89.10] 2.03
Overall ¢ 90.70 [ 90.06, 91.34]
Heterogeneity: 12 = 96.90%, H? = 32.27
Test of 6, = 8 Q(13) = 419.57, p = 0.00
Testof 8 =0:z=277.09, p=0.00
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Accuracy Weight

Study with 95% CI (%)
3

Sundgaard 2021 e 86.00 [ 84.14, 87.86] 0.63
Wu 2020 M 97821 97.56, 98.08] 32.47
Khan 2020 - 87.00 [ 85.68, 88.32] 1.24
Livingstone 2019 — 84.40 [ 81.31, 87.49) 0.23
Huang 2018 _— 70.00 [ 49.92, 90.08] 0.01
Heterogeneity: |2 = 99.13%, H? = 115.55 | 97.12[96.87, 97.37]

Test of 8, = B: Q(4) = 462.18, p = 0.00

4

Byun 2021 ® 97.18[96.51, 97.85] 4.89
Alhudhaif 2021 ® 98.26[97.38, 99.14] 2.83
Cai 2021 B 93379274, 94.00] 5.56
Ucar 2021 = 98,10 97.20, 99.00] 2.67
Viscaino 2020 - 88.12[ 85.76, 90.48] 0.39
Gomert 2020 Mg9.47 [ 98.98, 99.96] 9.20
Heterogeneity: I¥ = 98.30%, H* = 58.79 | 97.25[ 96.96, 97.55]

Testof 8,=8;: Q(5) = 293.94, p = 0.00

5

Tsutsumi 2021 — 66.00 [ 61.36, 70.64] 0.10
Goshtasbi 2020 —_ 71.00 [ 66.55, 75.45] 0.1
Myburgh 2018 —— 86.20 [ 82.77, 89.63) 0.18
Myburgh 2016 80.61[77.10, 84.12) 0.18

*

Heterogeneity: ¥ = 94.94%, H* = 19.76
Test of 8, = 8;: Q(3) = 59.28, p = 0.00

77.99 [ 76.04, 79.94]

6

Cha 2019 W 94.20(93.75, 94.65 10.88
Heterogeneity: I = 100.00%, H* = 1.00 94.20 [ 93.75, 94.65]

Testof 8,=8:Q(0) =0.00,p=.

8
Zeng 2021 B 95599531, 95.87) 27.66
Heterogeneity: I2 = 100.00%, H? = 1.00 | 95.59(95.31, 95.87]

Testof B,=8:Q(0) =0.00,p=.

14

Livingstone 2019

Heterogeneity: I = 100.00%, H* = 1.00
Testof B,=8:Q(0) =0.00,p=.

88.70[ 87.02, 80.38] 0.77
88.70 [ 87.02, 90.38]

* 4

Overall | 96.24[96.09, 96.39]
Heterogeneity: I = 98.81%, H = 83.77
Test of 8, = 8: Q(17) = 1424.02, p = 0.00

Test of group differences: Q,(5) = 608.61, p = 0.00
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Accuracy Weight

Study with 95% CI (%)
Al

Byun 2021 - 97.20[ 93.36, 101.04] 45.22
Khan 2020 —®—  87.00[80.41, 9359 15.33
Livingstone 2019 —m—  8870[82.12, 95.28] 15.39
Heterogeneity: I2 = 78.61%, H2 = 4.67 @ 93.42[90.46, 96.38]

Testof 6, = 8;: Q(2) =9.35, p=0.01

Humans

Byun 2021 —— 82.90[74.14, 91.66] 8.68
Khan 2020 —— 74.00 [ 65.40, 82.60] 9.01
Livingstone 2019 —— 58.90[ 48.68, 69.12] 6.37
Heterogeneity: I = 83.69%, H2 = 6.13 - 73.21[67.95, 78.47]

Test of 8, = 8;: Q(2) = 12.26, p = 0.00

Overall L 4 88.56 [ 85.98, 91.14]
Heterogeneity: |2 = 92.27%, H? = 12.93
Test of 6, = 8;: Q(5) = 64.66, p = 0.00

Test of group differences: Q,(1) = 43.04, p = 0.00
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