Table S1. Comparison of baseline patient characteristics between training and validation sets.
	Variables
	Overall
	Training set
	Validation set
	P-value

	N
	220
	154
	66
	

	Age, years
	59.70±12.85
	60.77±12.86
	57.20±12.57
	0.058

	Gender, n (%)
	
	
	
	0.425

	   Male
	121 (55.00)
	82 (53.25)
	39 (59.09)
	

	   Female
	99 (45.00)
	72 (46.75)
	27 (40.91)
	

	BMI, kg/m2
	18.64±11.74
	18.67±11.75
	18.57±11.79
	0.952

	Preoperative D-J insertion, n (%)
	
	
	
	0.726

	   No
	50 (22.73)
	36 (23.38)
	14 (21.21)
	

	   Yes
	170 (77.27)
	118 (76.62)
	52 (78.79)
	

	ASA classification, n (%)
	
	
	
	0.609

	   I
	28 (12.73)
	21 (13.64)
	7 (10.61)
	

	   II
	171 (77.73)
	120 (77.92)
	51 (77.27)
	

	   Ⅲ
	21 (9.55)
	13 (8.44)
	8 (12.12)
	

	Lateral, n (%)
	
	
	
	0.359

	   Left side
	140 (63.64)
	95 (61.69)
	45 (68.18)
	

	   Right side
	80 (36.36)
	59 (38.31)
	21 (31.82)
	

	Inferior pole stone, n (%)
	
	
	
	0.949

	   non-inferior
	141 (64.09)
	99 (64.29)
	42 (63.64)
	

	   inferior with RIPA＞30°
	61 (27.73)
	43 (27.92)
	18 (27.27)
	

	   inferior with RIPA≤30°
	18 (8.18)
	12 (7.79)
	6 (9.09)
	

	Stone localization, n (%)
	
	
	
	0.171

	   Upper Calyx 
	36 (16.36)
	21 (13.64)
	15 (22.73)
	

	   Middle Calyx 
	19 (8.64)
	11 (7.14)
	8 (12.12)
	

	   Lower Calyx 
	79 (35.91)
	55 (35.71)
	24 (36.36)
	

	   Renal Pelvis 
	55 (25)
	42 (27.27)
	13 (19.70)
	

	   Multi-Caliceal
	31 (14.09)
	25 (16.23)
	6 (9.09)
	

	Number of stones, n (%)
	
	
	
	0.248

	1
	118 (53.64)
	85 (55.19)
	33 (50)
	

	2
	51 (23.18)
	38 (24.68)
	13 (19.70)
	

	   ≥3
	51 (23.18)
	31 (20.13)
	20 (30.30)
	

	Number of calyces involved, n (%)
	
	
	
	0.510

	0
	19 (8.64)
	16 (10.39)
	3 (4.55)
	

	1
	104 (47.27)
	73 (47.40)
	31 (46.97)
	

	2
	32 (14.55)
	22 (14.29)
	10 (15.15)
	

	   ≥3
	65 (29.55)
	43 (27.92)
	22 (33.33)
	

	Maximum stone diameter, mm
	15.80±7.27
	15.96±7.01
	15.41±7.89
	0.621

	Mean stone density, Hu
	758.54±330.17
	772.74±335.69
	725.41±316.93
	0.321

	SDSD
	247.78±140.24
	243.72±142.39
	257.23±135.69
	0.506

	IL, mm
	22.41±6.93
	22.75±7.04
	21.62±6.67
	0.259

	IW, mm
	6.58 (5.06- 8.98)
	6.62 (5.10- 9.20)
	6.32 (4.83- 8.70)
	0.313

	CPH, mm
	22.35 (17.40 - 32.30)
	22.75 (18.00 - 32.30)
	20.30 (16.60 - 30.80)
	0.109

	SV, mm3
	585.78 (199.01 - 1,474.22)
	581.79 (198.21 - 1,389.62)
	601.91 (210.80 - 1,652.27)
	0.876

	Duration of the surgery, minutes
	80 (60 - 114)
	80 (60 - 105)
	77.50 (60 - 125)
	0.353

	SFS, n (%)
	
	
	
	0.385

	   No
	58 (26.36)
	38 (24.68)
	20 (30.30)
	

	   Yes
	162 (73.64)
	116 (75.32)
	46 (69.70)
	


Note: SFS, stone-free state; BMI, body mass index; ASA, American Society of Anesthesiologists; RIPA, renal Infundibulopelvic Angle; SDSD, the standard deviation of stone density; IL, Infundibular length; Infundibular width; CPH, calyx pelvic height; SV, stone volume.

Table S2. Screening for covariance between identified characteristic variables.
 
	VariableName
	GVIF
	Df
	GVIF^(1/(2*Df))

	Mean stone density
	1.398865282
	2
	1.087536829

	Inferior pole stone
	1.347773557
	2
	1.077467633

	CPH
	1.30045097
	2
	1.067882564

	Number of stones
	1.74104826
	2
	1.148689635

	SV
	2.979725909
	1
	1.72618826

	Maximum stone diameter
	3.229493519
	1
	1.797079163


Note: CPH, calyx pelvic height; SV, stone volume.






Table S3. Pearson correlation analysis of maximum stone diameter and stone volume.
 
	Variable Pair
	Correlation Coefficient (r)
	p-value
	Interpretation

	Maximum stone diameter vs stone volume
	0.486
	<0.001
	Moderate correlation, no redundancy




Table S4. Multivariate logistic regression analyses of characteristic variables were selected jointly by LASSO regression and Boruta.
	Characteristic variables
	Multivariable logistic regression analysis

	
	OR
	95%CI
	P-value

	Maximum stone diameter
	0.892
	0.786-1.005
	0.066

	Mean stone density
	
	
	

	  ＜500
	
	
	

	  500-1000
	0.758
	0.186-2.770
	0.683

	  ≥1000
	0.444
	0.094-1.899
	0.284

	Inferior pole stone
	
	
	

	   non-inferior
	
	
	

	   inferior with RIPA＞30°
	0.229
	0.070-0.705
	0.012

	   inferior with RIPA≤30°
	0.034
	0.004-0.204
	0.001

	CPH
	
	
	

	  ＜30
	
	
	

	  30-50
	0.283
	0.087-0.886
	0.031

	  ≥50
	0.217
	0.04-1.118
	0.067

	Number of stones
	
	
	

	1
	
	
	

	2
	4.244
	1.003-22.636
	0.066

	  ≥3
	0.369
	0.104-1.313
	0.119

	SV
	
	
	

	  ＜1000
	
	
	

	  ≥1000
	0.837
	0.160-4.304
	0.831


Note: CPH, calyx pelvic height; SV, stone volume; OR, Odds Ratio; CI, Confidence Interval.

[bookmark: _GoBack]Table S5. Conversion between total nomogram scores and predicted probabilities of achieving Stone-Free Status (SFS).
	Total Score Range
	Predicted Probability of SFS (%)
	Risk Level
	Clinical Recommendation

	≤ 30
	< 15%
	Very high risk
	RIRS not recommended

	31–60
	15–30%
	High risk
	Consider PCNL or alternative

	61–90
	30–60%
	Moderate risk
	Consider RIRS with caution

	91–120
	60–85%
	Low-moderate risk
	RIRS recommended

	> 120
	> 85%
	Low risk
	RIRS strongly recommended



Note: The predicted probabilities were calculated from the logistic regression model used to construct the nomogram. Total points were divided into clinically interpretable categories according to their distribution and corresponding predicted SFS probabilities. Higher total points indicate a higher probability of achieving SFS.
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Figure S1. Inclusion exclusion flowchart for this study.
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Figure S2. Development of line plots comparing ROC curves with existing scores and individual predictor variables. (A) The training set multi-model comparison. (B) Test set multi-model comparison.



[image: Figure 7]
Figure S3. Demonstrating the importance of predictor variables in a column-line graphical model based on traditional logistic regression coefficients.
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