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Background: Surgical decision-making for highly myopic cataracts requires a
high level of expertise. We, therefore, aimed to develop a preliminary artifcial
intelligence (Al) model for surgical decision-making in highly myopic cataracts,
based on previous deep learning models.

Materials and methods: We frst established a highly myopic cataract decision-
making Al model by integrating cataract grading and postoperative visual
acuity prediction models of highly myopic eyes, which we had developed
previously, with surgical decision logic. The outcomes of surgical decision-
making were classifed into four categories: surgery not advised, cataract surgery
recommended, retinal surgery recommended, and combined cataract—retinal
surgery recommended. The gold standard for surgical decision is defned as the
decision jointly made by two professional ophthalmologists together (X.Z. and
Y.W.). If the decision-makings regarding highly myopic cataract surgery were not
fully consistent, a fnal judgment was made by a third expert (Y.L.). Subsequently,
we evaluated the accuracy of Al model’s surgical decision-making against the
gold standard and doctors at diferent levels, using both internal (107 highly
myopic eyes from Eye and ENT Hospital, Fudan University) and external (55
highly myopic eyes from Wuhan Aier Eye Hospital) test datasets.

Results: In the internal and external datasets, according to the Lens Opacities
Classifcation System (LOCS) Il international standards for cataract grading,
99.07% and 87.27% of automatic nuclear grading, along with 88.79% and
61.82% of automatic cortical grading, respectively, had an absolute prediction
error of <1.0 compared with the gold standard. The mean postoperative
visual acuity prediction error was 0.1560 and 0.3057 logMAR in the internal
and external datasets, respectively. Finally, the consistency of the Al model’s
surgical decisions with the gold standard for highly myopic cataract patients
in the internal and external datasets was 96.26% and 81.82%, respectively.
Al demonstrated substantial agreement with the gold standard (Kappa
value = 0.811 and 0.556 in the internal and external datasets, respectively).
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Conclusion: The Al decision-making model for highly myopic cataracts, based
on two deep learning models, demonstrated good performance and may assist
doctors in complex surgical decision-making for highly myopic cataracts.
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TABLE 1 Summary statistics for grading performance of the cataract Al program in the internal (n = 107) and external datasets (n = 55).

Parameters Nuclear cataract ‘ Cortical cataract

Internal External ‘ Internal External
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FIGURE 1

Distribution of the diferences between the Al-predicted and the standard values and the receiver operating characteristic curve for automatic nuclear
cataract grading. (A) Distribution of the diferences in the internal dataset (n = 107). (B) Distribution of the diferences in the external dataset (n = 55).
(C) Receiver operating characteristic curves and areas under the curves: internal = 0.983; external = 0.885. Al artifcial intelligence; R, o, the
percentage of cataract grading absolute prediction errors of <1.0; AUC, areas under the curves.
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FIGURE 2

Distribution of the diferences between the Al-predicted and the standard values and the receiver operating characteristic curve for automatic cortical
cataract grading. (A) Distribution of the diferences in the internal dataset (n = 107). (B) Distribution of the diferences in the external dataset (n = 55).
(C) Receiver operating characteristic curves and areas under the curves: internal = 0.902; external = 0.984. Al, artifcial intelligence; R, o, the
percentage of cataract grading absolute prediction errors of <1.0; AUC, areas under the curves.

TABLE 2 Performance of the Al model on the postoperative visual acuity prediction in the internal (n = 107) and external datasets (n = 55).
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FIGURE 3

BCVA prediction errors within +£0.30 logMAR.

Distribution of the diferences between the Al-predicted and actual BCVA. (A) The distribution of the diferences in the internal dataset (n = 107). (B)
The distribution of the diferences in the external dataset (n = 55). All values are shown in logMAR units. The vertical axis indicates the relative frequency
of each BCVA delta value. BCVA, best-corrected visual acuity; logMAR, logarithm of the minimum angle of resolution; Reg 5o0quar, the percentage of

TABLE 3 Surgical decision consistency of the Al model and doctors (senior, junior, and resident) compared to the gold standard (internal/external

validation).
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TABLE 4 Kappa values for highly myopic surgical decision-making
performances of the Al model and doctors (senior, junior, and resident)
in the internal (n = 107) and external datasets (n = 55).
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TABLE 5 Kappa values for highly myopic surgical decision-making
performance on special cases of the Al cataract decision-making model
and doctors (senior, junior, and resident) in the internal and

external datasets.
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FIGURE 4
Heatmaps of doctors (senior, junior, and resident) and the Al model for highly myopic cataract surgical decision-making, based on the internal (n =107)
and external (n = 55) datasets. (A) Al and the gold standard using the internal dataset. (B) Al and senior doctors using the internal dataset. (C) Al and
junior doctors using the internal dataset. (D) Al and resident using the internal dataset. (E) Al and the gold standard using the external dataset. (F) Al and
senior doctors using the external dataset. (G) Al and junior doctors using the external dataset. (H) Al and the resident using the external dataset. Al,
artifcial intelligence.
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SUPPLEMENTARY FIGURE 1

Flowchart illustrating the logic of the Al-based highly myopic cataract surgical
decision-making model. This Al surgical decision-making model processes input
data through a sequential fve-step workfow to generate surgical
recommendations: preoperative visual acuity assessment, postoperative visual
improvement evaluation, automated cataract grading, OCT image analysis, and
axial length measurement. The surgical decisions can be categorized into seven
detailed groups: surgery not recommended, surgery not recommended (consult
a doctor for details), cataract surgery recommended, cataract surgery
recommended (consult a doctor for details), retinal surgery recommended,
combined cataract and retinal surgery recommended, and combined cataract
and retinal surgery recommended (consult a doctor for details). C, cortical
cataract; N, nuclear cataract; P, posterior subscapular cataract; CNV, choroidal
neovascularization; AL, axial length.
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