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Table S1. Summary of preoperative variables included in this study.
	Index
	Parameter Name (Abbreviation/Full Name)
	Feature Type

	1
	Gender
	Demographics and Baseline Characteristics

	2
	Age
	Demographics and Baseline Characteristics

	3
	NiBUT (Non-invasive Break Up Time)
	Demographics and Baseline Characteristics

	4
	SPH (Spherical Refraction)
	Demographics and Baseline Characteristics

	5
	CYL (Cylindrical Power)
	Demographics and Baseline Characteristics

	6
	Axis
	Demographics and Baseline Characteristics

	7
	SE (Spherical Equivalent)
	Demographics and Baseline Characteristics

	8
	UDVA (Uncorrected Distance Vision Acuity)
	Demographics and Baseline Characteristics

	9
	CDVA (Corrected Distance Vision Acuity)
	Demographics and Baseline Characteristics

	10
	Dark Pupil Diameter
	Demographics and Baseline Characteristics

	11
	Front K1
	Pentacam Corneal Topography Data

	12
	Front K2
	Pentacam Corneal Topography Data

	13
	Front K mean
	Pentacam Corneal Topography Data

	14
	Front K1 Axis
	Pentacam Corneal Topography Data

	15
	Back K1
	Pentacam Corneal Topography Data

	16
	Back K2
	Pentacam Corneal Topography Data

	17
	Back K mean
	Pentacam Corneal Topography Data

	18
	Back Axis K1
	Pentacam Corneal Topography Data

	19
	TCT (Thinnest Corneal Thickness)
	Pentacam Corneal Topography Data

	20
	CV (Corneal Volume)
	Pentacam Corneal Topography Data

	21
	ACV (Anterior Chamber Volume)
	Pentacam Corneal Topography Data

	22
	ACA (Anterior Chamber Angle)
	Pentacam Corneal Topography Data

	23
	ACD (Anterior Chamber Depth)
	Pentacam Corneal Topography Data

	24
	Front K max
	Pentacam Corneal Topography Data

	25
	Q Value
	Pentacam Corneal Topography Data

	26
	Anterior Surface Elevation at the Corneal Thinnest Point
	Pentacam Corneal Topography Data

	27
	Posterior Surface Elevation at the Corneal Thinnest Point
	Pentacam Corneal Topography Data

	28
	Df (Std of Front Surface Height)
	Pentacam Corneal Topography Data

	29
	Db (Std of Back Surface Height)
	Pentacam Corneal Topography Data

	30
	Dp (Std of Pachymetric Progression)
	Pentacam Corneal Topography Data

	31
	Dt (Std of Thinnest Point Thickness)
	Pentacam Corneal Topography Data

	32
	Da (Std of Ambrosio Relative Thickness)
	Pentacam Corneal Topography Data

	33
	Pupil Center X
	Pentacam Corneal Topography Data

	34
	Pupil Center Y
	Pentacam Corneal Topography Data

	35
	Angle Kappa
	Pentacam Corneal Topography Data

	36
	CD (Corneal Diameter)
	Pentacam Corneal Topography Data

	37
	IS Value (Inferior-Superior Value)
	Pentacam Corneal Topography Data

	38
	Average Pachymetric Progression Rate
	Pentacam Corneal Topography Data

	39
	bIOP (Biomechanically Corrected IOP)
	Corneal Biomechanical Properties

	40
	PRFI (Pentacam Random Forest Index)
	Corneal Biomechanical Properties

	41
	SSI (Stress‒Strain Index)
	Corneal Biomechanical Properties

	42
	SP-A1 (Scheimpflug Photography-Asphericity 1)
	Corneal Biomechanical Properties

	43
	IR (Integrated Radius)
	Corneal Biomechanical Properties

	44
	ARTh (Ambrosio Relational Thickness horizontal)
	Corneal Biomechanical Properties

	45
	DA-Ratio (Deformation Amplitude Ratio 2 mm)
	Corneal Biomechanical Properties

	46
	CBI (Corvis Biomechanical Index)
	Corneal Biomechanical Properties

	47
	BAD-D (Belin-Ambrosio enhanced ectasia Display–Deviation index)
	Corneal Biomechanical Properties

	48
	TBI (Tomographic and Biomechanical Index)
	Corneal Biomechanical Properties





[bookmark: _Ref8007]Table S2. Interpretation of corneal biomechanical indices and clinical implications associated with higher or lower values. This table provides a clinical interpretation of ten corneal biomechanical parameters derived from the Pentacam HR and the Corvis ST systems. For each index, the measurement meaning and potential clinical implications of increased or decreased values are summarized, particularly in relation to corneal stiffness, structural stability, and the risk of keratoconus or postoperative ectasia.
	Parameter
	Definition/Meaning
	Higher Values Indicate
	Lower Values Indicate

	bIOP
	Biomechanically corrected intraocular pressure
	Higher IOP; increased suspicion of glaucoma
	Softer cornea or potential measurement variability

	PRFI
	Probability of corneal irregularity
	Greater likelihood of structural or morphological abnormalities
	Normal corneal architecture with regular morphology

	SSI
	Stress–strain index reflecting intrinsic corneal material stiffness
	Higher corneal stiffness and rigidity
	Softer cornea with reduced structural stability

	SP-A1
	Ratio of structural stress to deformation response
	Stronger resistance to external load; mechanically stable
	Greater deformability under load

	IR
	Integrated radius of curvature during the entire deformation process
	Larger radius; less bending under stress
	Smaller radius; more susceptible to bending

	ARTh
	Thickness progression index from center to periphery
	Normal thickness progression; structurally stable
	Abnormal thinning or irregular progression

	DA-Ratio
	Difference in deformation amplitude between the apex and 2 mm peripheral zone
	Reduced stability; softer corneal structure
	More uniform deformation; higher overall stability

	CBI
	Corvis Biomechanical Index for ectasia risk detection
	> 0.5 suggests keratoconus or ectasia risk
	< 0.5 typically indicates normal corneal biomechanics

	BAD-D
	Belin–Ambrósio Deviation for corneal abnormality assessment
	> 2.6 indicates significant corneal morphological abnormalities
	Low values indicate normal, stable corneal shape

	TBI
	Tomographic and Biomechanical Index for ectasia risk
	> 0.29 suggests keratoconus or ectasia risk
	< 0.29 indicates normal, biomechanically stable cornea

















[bookmark: _Ref8304]Table S3. Kruskal‒Wallis test results comparing preoperative characteristics among different refractive surgery groups. This table presents the intergroup differences in demographic, optical, tomographic, and biomechanical features via the Kruskal‒Wallis nonparametric test. A P value < 0.05 indicated a statistically significant difference. The parameters included clinical refraction, visual acuity, Pentacam-based tomographic indices, corneal pachymetric and elevation metrics, and Corvis ST biomechanical measurements.
	Feature Name
	P Value
	Feature Name
	P Value

	Gender
	0.5973
	Q Value
	0.7609

	Age
	<0.01
	Anterior Surface Elevation at the Corneal Thinnest Point
	0.5413

	NiBUT (Non-invasive Break Up Time)
	<0.01
	Posterior Surface Elevation at the Corneal Thinnest Point
	0.5779

	SPH (Spherical Refraction)
	<0.01
	Df (Std of Front Surface Height)
	0.1314

	CYL (Cylindrical Power)
	<0.01
	Db (Std of Back Surface Height)
	<0.01

	Axis
	<0.01
	Dp (Std of Pachymetric Progression)
	<0.01

	SE (Spherical Equivalent)
	<0.01
	Dt (Std of Thinnest Point Thickness)
	<0.01

	UDVA (Uncorrected Distance Vision Acuity)
	<0.01
	Da (Std of Ambrosio Relative Thickness)
	<0.01

	CDVA (Corrected Distance Vision Acuity)
	<0.01
	Pupil Center X
	0.8540

	Dark Pupil Diameter
	0.2550
	Pupil Center Y
	0.3385

	Front K1
	0.0539
	Angle Kappa
	0.6808

	Front K2
	<0.01
	CD (Corneal Diameter)
	0.2571

	Front K mean
	0.0344
	IS Value (Inferior-Superior Value)
	0.4444

	Front K1 Axis
	0.4520
	Average Pachymetric Progression Rate
	<0.01

	Back K1
	0.0995
	bIOP (Biomechanically corrected Intra-Ocular Pressure)
	0.4303

	Back K2
	0.0217
	PRFI (Pentacam Random Forest Index)
	<0.01

	Back K mean
	0.1212
	SSI (Stress-Strain Index)
	<0.01

	Back Axis K1
	0.2878
	SP-A1 (Scheimpflug Photography-Asphericity 1)
	<0.01

	TCT (Thinnest Corneal Thickness)
	<0.01
	IR (Integrated Radius)
	<0.01

	CV (Corneal Volume)
	<0.01
	ARTh (Ambrosio Relational Thickness horizontal)
	<0.01

	ACV (Anterior Chamber Volume)
	0.6991
	DA-Ratio (Deformation Amplitude Ratio 2 mm)
	<0.01

	ACA (Anterior Chamber Angle)
	0.1543
	CBI (Corvis Biomechanical Index)
	<0.01

	ACD (Anterior Chamber Depth)
	0.4535
	BAD-D (Belin/Ambrosio Display-Deviation)
	<0.01

	Front K max
	<0.01
	TBI (Tomographic and Biomechanical Index)
	<0.01












[bookmark: _Ref8627]Table S4. Performance comparison of different machine learning algorithms across single-stage and multistage refractive surgery decision models. This table summarizes the classification performance of three decision architectures: Model A (single-stage four-class classification), Model B (two-stage hierarchical classification: Stage 1, ICL vs. corneal refractive surgery; Stage 2, SMILE vs. LASIK vs. SURFACE), and Model C (three-stage hierarchical classification: Stage 1, ICL vs. corneal refractive surgery; Stage 2, surface ablation vs. stromal procedures; Stage 3, SMILE vs. LASIK). Six machine learning algorithms were evaluated, including logistic regression (LR), decision tree (DT), random forest (RF), support vector machine (SVM), multilayer perceptron (MLP), and XGBoost. Performance was assessed via accuracy, recall, and macro-F1, with stage-specific metrics reported separately for the hierarchical model.
	Model
	Stage
	Performance
	LR
	DT
	RF
	SVM
	MLP
	XGBoost

	Model A
	
	Accuracy
	65.81
	62.67
	77.56
	65
	72.91
	76.86

	
	
	Recall
	65.81
	62.67
	77.56
	65
	72.91
	76.86

	
	
	Macro-F1
	65.6
	62.57
	77.42
	64.73
	92.64
	76.69

	Model B
	Stage1
	Accuracy
	79.03
	82.96
	92.64
	78.33
	91.83
	93.95

	
	
	Recall
	79.03
	82.97
	92.64
	78.33
	91.83
	93.95

	
	
	Macro-F1
	79
	82.94
	92.63
	78.17
	91.82
	93.95

	
	Stage2
	Accuracy
	73.95
	72.71
	81.09
	75.5
	79.84
	86.51

	
	
	Recall
	73.95
	72.71
	81.09
	75.5
	79.84
	86.51

	
	
	Macro-F1
	73.72
	72.58
	80.85
	75.36
	79.62
	86.41

	Model C
	Stage1
	Accuracy
	79.03
	82.96
	92.64
	78.33
	91.83
	93.95

	
	
	Recall
	79.03
	82.97
	92.64
	78.33
	91.83
	93.95

	
	
	Macro-F1
	79
	82.94
	92.63
	78.17
	91.82
	93.95

	
	Stage2
	Accuracy
	88.4
	86.67
	95.19
	79.51
	93.83
	96.17

	
	
	Recall
	88.4
	86.67
	95.19
	79.51
	93.83
	96.17

	
	
	Macro-F1
	88.38
	86.65
	95.18
	78.42
	93.81
	96.17

	
	Stage3
	Accuracy
	76.05
	73.72
	82.56
	71.63
	81.16
	84.19

	
	
	Recall
	76.05
	73.72
	82.56
	71.63
	81.16
	84.19

	
	
	Macro-F1
	75.95
	73.61
	82.53
	69
	81.14
	84.09
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