Supplementary Table S1. Overview of the 37 Experimental Configurations (E01–E37)
	Configuration No.
	Feature Source
	Filtering Strategy
	No. of Features
	Remarks

	E01
	All supine CA+MCA (30)
	No filtering
	30
	Supine full baseline

	E02
	All lateral CA+MCA (30)
	No filtering
	30
	Lateral full baseline

	E03
	All supine + lateral (60)
	No filtering
	60
	Dual-timepoint full set

	E04–E07
	supine / lateral / supine+lateral
	MWU p < 0.3
	10 / 7 / 17 / 18
	± BMI

	E08–E11
	supine → lateral change rate
	p < 0.2 / p < 0.3
	2 / 4 / 3 / 5
	± BMI

	E12
	lateral (p < 0.3) + change rate (p < 0.3)
	p < 0.3
	11
	Lateral + change

	E13–E14
	supine+lateral (p < 0.3) + change rate (p < 0.3)
	p < 0.3
	21 / 22
	± BMI

	E15–E16
	supine+lateral LASSO selection
	LASSO CV
	11 / 12
	± BMI

	E17–E19
	lateral / supine / supine+lateral
	MWU p < 0.05
	1 / 4 / 5
	Strict filtering

	E20–E21
	supine+lateral (p < 0.05) + change rate (p < 0.3)
	Dual-threshold combination
	9
	supine+lateral p = 0.05 + Chg p = 0.3

	E22
	lateral FDR correction (fallback p < 0.3)
	FDR + fallback
	7
	FDR correction exploration

	E23–E24
	CA only (p < 0.3)
	CA dedicated / redundancy removal
	18 / 11
	CA vs. MCA comparison

	E25–E27
	MCA only (p < 0.3 / p < 0.05)
	MCA dedicated
	3 / 5 / 3
	CA vs. MCA comparison

	E28–E29
	CA only supine / lateral (p < 0.05)
	CA single timepoint
	4 / 1
	CA timepoint comparison

	E30–E31
	MCA only supine / lateral (p < 0.05 fallback)
	MCA single timepoint
	2 / 1
	MCA timepoint comparison

	E32–E34
	CA/MCA + change rate ± BMI
	CA/MCA combination
	9 / 3 / 10
	Vascular combination

	E35
	supine+lateral (p < 0.05) + change rate, redundancy removal
	Redundancy removal r > 0.8
	7
	Parsimonious & efficient

	E36
	supine+lateral (p < 0.3) + change rate, redundancy removal
	Redundancy removal r > 0.8
	14
	Parsimonious & efficient

	E37
	supine+lateral (p < 0.3), redundancy removal
	Redundancy removal r > 0.8
	11
	Parsimonious & efficient




Supplementary Table S2. Baseline characteristics of the primary and exploratory cohorts
	Characteristic
	Training Set
(n=61)
	Combined Test Set
(n=40)
	Statistical Test
	P-value
	Cohen's d
	Effect Size

	Gestational age (days)
	270.5 (262.0-279.0)
	270.5 (260.5-280.5)
	Mann-Whitney U
	0.686
	0.132
	微弱

	Height(cm)
	161.0 ± 5.9
	162.0 ± 5.8
	Independent t-test
	0.399
	-0.171
	微弱

	Weight(kg)
	70.0 (59.2-80.8)
	76.8 (67.1-86.4)
	Mann-Whitney U
	0.028*
	-0.387
	小

	BMI (kg/m2)
	27.5 (23.4-31.7)
	29.8 (26.2-33.3)
	Mann-Whitney U
	0.072
	-0.298
	小

	Gestational weight gain (kg)
	12.8 ± 4.3
	13.7 ± 4.8
	Independent t-test
	0.374
	-0.187
	微弱

	Neonatal birth weight (g)
	3376.7 ± 359.4
	3339.5 ± 447.7
	Independent t-test
	0.647
	0.094
	微弱

	Neonatal head circumference (cm)
	35.0 (33.7-36.3)
	34.0 (31.9-36.1)
	Mann-Whitney U
	<0.001***
	0.690
	中等


Data are presented as mean ± standard deviation for normally distributed variables, or median (interquartile range) for non-normally distributed variables. For two-group comparisons, the independent samples t-test was used when both groups were normally distributed; otherwise, the Mann-Whitney U test was used. Cohen's d was calculated as the effect size. *p<0.05, **p<0.01, ***p<0.001.

Supplementary Table S3. Comparison of baseline characteristics between hypotension and non-hypotension groups within each dataset
	Dataset
	Characteristic
	Hypotension
(n)
	Non-hypotension
(n)
	Hypotension Group
	Non-hypotension Group
	Statistical Test
	P-value
	Cohen's d

	Primary exploratory cohort (n=61)
	Gestational age (days)
	25
	32
	271.2 ± 9.1
	271.4 ± 8.4
	Independent t-test
	0.954
	-0.015

	
	Height(cm)
	28
	32
	160.9 ± 6.6
	161.2 ± 5.5
	Independent t-test
	0.869
	-0.043

	
	Weight(kg)
	28
	32
	70.0 (61.2-78.8)
	73.0 (60.8-85.2)
	Mann-Whitney U
	0.402
	-0.313

	
	BMI (kg/m2)
	28
	32
	27.8 ± 3.4
	29.0 ± 4.7
	Independent t-test
	0.271
	-0.287

	
	Gestational weight gain (kg)
	23
	27
	13.1 ± 4.1
	12.9 ± 4.7
	Independent t-test
	0.871
	0.046

	
	Neonatal birth weight (g)
	26
	31
	3378.5 ± 408.5
	3371.3 ± 337.2
	Independent t-test
	0.942
	0.019

	
	Neonatal head circumference (cm)
	26
	31
	35.0 (33.7-36.3)
	35.0 (33.6-36.4)
	Mann-Whitney U
	0.416
	-0.227

	
	
	
	
	
	
	
	
	

	Temporal exploratory cohort (n=19)
	Gestational age (days)
	4
	15
	276.5 ± 6.2
	266.3 ± 13.7
	Independent t-test
	0.174
	0.799

	
	Height(cm)
	4
	15
	160.0 ± 5.1
	165.5 ± 6.4
	Independent t-test
	0.132
	-0.890

	
	Weight(kg)
	4
	15
	75.9 ± 3.3
	79.9 ± 11.0
	Independent t-test
	0.483
	-0.404

	
	BMI (kg/m2)
	4
	15
	29.7 ± 2.8
	29.1 ± 3.6
	Independent t-test
	0.765
	0.171

	
	Gestational weight gain (kg)
	4
	15
	12.4 ± 3.5
	12.6 ± 5.4
	Independent t-test
	0.939
	-0.044

	
	Neonatal birth weight (g)
	4
	15
	3800.0 (3259.4-4340.6)
	3300.0 (2807.3-3792.7)
	Mann-Whitney U
	0.064
	1.244

	
	Neonatal head circumference (cm)
	4
	15
	36.2 ± 2.1
	34.5 ± 2.1
	Independent t-test
	0.158
	0.831

	
	
	
	
	
	
	
	
	

	Independent-center exploratory cohort (n=21)
	Gestational age (days)
	5
	16
	270.2 ± 10.4
	271.6 ± 4.4
	Independent t-test
	0.658
	-0.230

	
	Height(cm)
	5
	16
	160.2 ± 3.3
	159.7 ± 4.6
	Independent t-test
	0.820
	0.118

	
	Weight(kg)
	5
	16
	75.4 ± 13.0
	75.8 ± 8.5
	Independent t-test
	0.933
	-0.043

	
	BMI (kg/m2)
	5
	16
	29.4 ± 4.9
	29.8 ± 3.4
	Independent t-test
	0.836
	-0.108

	
	Gestational weight gain (kg)
	5
	16
	17.4 ± 2.5
	13.9 ± 4.7
	Independent t-test
	0.127
	0.818

	
	Neonatal birth weight (g)
	5
	16
	3176.0 ± 376.5
	3354.4 ± 325.6
	Independent t-test
	0.314
	-0.529

	
	Neonatal head circumference (cm)
	5
	16
	33.0 (30.9-35.1)
	34.0 (32.5-35.5)
	Mann-Whitney U
	0.429
	-0.452


Data are presented as mean ± standard deviation for normally distributed variables, or median (interquartile range) for non-normally distributed variables. For two-group comparisons, the independent samples t-test was used when both groups were normally distributed; otherwise, the Mann-Whitney U test was used. Cohen's d was calculated as the effect size. *p<0.05, **p<0.01, ***p<0.001.

Supplementary Table S4. Relative change features with |d| ≥ 0.3.
	Feature
	Hypo
n
	Hypo
Mean ± SD
	Non-Hypo
n
	Non-Hypo
Mean ± SD
	Test
	P
	Cohen's d

	★CA Δcbdi
	27
	-1.1 ± 24.8
	33
	13.5 ± 37.2
	t-test
	0.1187
	-0.4531

	★MCA ΔDT
	24
	-166.2 ± 809.0
	30
	58.7 ± 212.8
	Mann-Whitney U
	0.5598
	-0.4009

	★CA ΔPSV
	27
	5.5 ± 21.4
	33
	-2.1 ± 22.3
	Mann-Whitney U
	0.2781
	+0.3482

	★CA ΔD_peak
	27
	9.3 ± 46.1
	33
	-2.2 ± 27.4
	Mann-Whitney U
	0.4223
	+0.3108

	★CA ΔMV
	27
	5.7 ± 17.4
	33
	-0.6 ± 22.7
	Mann-Whitney U
	0.2013
	+0.3070

	MCA ΔRI
	24
	206.3 ± 1032.4
	30
	3.8 ± 44.7
	Mann-Whitney U
	0.5252
	+0.2946

	MCA ΔPI
	24
	262.2 ± 1324.3
	30
	6.3 ± 58.7
	Mann-Whitney U
	0.5598
	+0.2902

	CA ΔAT
	27
	0.5 ± 1.8
	33
	0.1 ± 1.4
	t-test
	0.1633
	+0.2859

	CA ΔVTI
	27
	19.3 ± 68.1
	33
	5.4 ± 42.5
	Mann-Whitney U
	0.6665
	+0.2490

	MCA ΔHeart_Rate
	24
	8.1 ± 56.3
	30
	28.7 ± 109.0
	Mann-Whitney U
	0.5366
	-0.2298

	CA ΔS_D_Ratio
	27
	5.0 ± 21.2
	33
	1.0 ± 18.7
	t-test
	0.4943
	+0.2032

	CA ΔRI
	27
	1.0 ± 9.3
	33
	-0.3 ± 7.1
	t-test
	0.7663
	+0.1669

	CA ΔPI
	27
	0.9 ± 17.7
	33
	-1.4 ± 11.1
	t-test
	0.7103
	+0.1604

	CA ΔEDV
	27
	3.2 ± 23.0
	33
	-0.3 ± 27.4
	t-test
	0.6134
	+0.1359

	MCA ΔAT
	24
	-0.1 ± 1.5
	30
	0.1 ± 1.5
	t-test
	0.7261
	-0.1352

	CA ΔFT
	27
	9.8 ± 51.2
	33
	4.3 ± 31.7
	Mann-Whitney U
	1.0000
	+0.1310

	MCA ΔEDV
	24
	14.4 ± 47.1
	30
	21.3 ± 64.4
	Mann-Whitney U
	0.7343
	-0.1198

	CA ΔFTc_Wodey
	27
	8.0 ± 46.1
	33
	3.5 ± 30.8
	Mann-Whitney U
	0.9526
	+0.1188

	MCA ΔPSV
	24
	11.6 ± 51.1
	30
	18.0 ± 56.7
	Mann-Whitney U
	0.9376
	-0.1168

	CA ΔFTc_Bazett
	27
	7.2 ± 43.6
	33
	3.1 ± 30.5
	Mann-Whitney U
	0.9644
	+0.1096

	MCA ΔFT
	24
	49.7 ± 258.7
	30
	33.6 ± 123.0
	Mann-Whitney U
	0.9514
	+0.0827

	MCA ΔVTI
	24
	62.8 ± 251.5
	30
	46.7 ± 137.5
	Mann-Whitney U
	0.7873
	+0.0820

	MCA ΔS_D_Ratio
	24
	0.4 ± 26.4
	30
	2.2 ± 23.7
	Mann-Whitney U
	0.4283
	-0.0709

	CA ΔHeart_Rate
	27
	1.4 ± 26.5
	33
	-0.3 ± 21.4
	Mann-Whitney U
	0.8468
	+0.0705

	MCA ΔMV
	24
	15.7 ± 48.4
	30
	19.2 ± 55.0
	Mann-Whitney U
	0.8142
	-0.0671

	MCA ΔFTc_Wodey
	24
	36.1 ± 202.9
	30
	31.5 ± 103.5
	Mann-Whitney U
	0.7212
	+0.0297

	MCA ΔFTc_Bazett
	24
	30.3 ± 178.9
	30
	31.9 ± 100.2
	Mann-Whitney U
	0.7343
	-0.0115

	CA ΔDT
	27
	24.6 ± 87.6
	33
	24.0 ± 71.6
	Mann-Whitney U
	0.7325
	+0.0067

	MCA Δcbdi
	24
	20.1 ± 51.3
	30
	19.8 ± 47.5
	Mann-Whitney U
	0.9514
	+0.0048

	MCA ΔD_peak
	24
	10.3 ± 37.2
	30
	10.3 ± 45.4
	Mann-Whitney U
	0.9099
	+0.0003



Data are presented as Mean ± SD. Features are sorted by descending |Cohen's d|. ★ = |d| ≥ 0.3 (substantive difference trend). Normality was tested using Shapiro-Wilk; the t-test was used when both groups were normally distributed; otherwise, the Mann-Whitney U test was applied. FDR correction used the Benjamini-Hochberg procedure across all 30 features. Cohen's d: |d|<0.2 negligible, 0.2–0.5 small, 0.5–0.8 medium, >0.8 large.



Supplementary Table S5. Performance of exploratory carotid-based logistic regression models
	Metric
	Parsimonious carotid model
	Broader carotid model 

	Number of Features
	5
	11

	CV AUC
	0.765
	0.786

	Exploratory pooled cohort AUC
	0.789 (0.63–0.92)
	0.799 (0.63–0.94)

	Temporal exploratory cohort AUC
	0.817
	0.783

	Independent-center exploratory cohort AUC
	0.750
	0.800

	Sensitivity
	88.9%
	88.9%

	Specificity
	64.5%
	35.5%

	Accuracy
	70.0%
	47.5%





Supplementary Table S6. Feature importance in the optimal logistic regression model (11 CA features)

	Rank
	Feature
	Std. Coefficient
	Category
	Interpretation

	1
	CA_Lateral_cbdi
	-0.086177477
	Lateral CA static
	Carotid flow dynamic index. Lower lateral CBDI indicates higher hypotension risk (Insufficient preload reserve).

	2
	CA_Supine_D_peak
	-0.068101839
	Supine CA static
	Peak diastolic velocity. Lower D_peak indicates higher hypotension risk (Poor vascular filling / Low peripheral resistance).

	3
	CA_Lateral_AT
	0.059457581
	Lateral CA static
	Acceleration time. Longer AT indicates higher hypotension risk (Inadequate cardiac pump compensation).

	4
	CA_Δcbdi
	-0.057405956
	CA postural change
	Postural change rate. Greater decrease in CBDI indicates higher hypotension risk (Impaired autoregulation during positional stress).

	5
	CA_Supine_VTI
	-0.051222817
	Supine CA static
	Velocity Time Integral. Lower VTI indicates higher hypotension risk (Inadequate stroke volume).

	6
	CA_Supine_PSV
	-0.045081584
	Supine CA static
	Peak Systolic Velocity. Lower PSV indicates higher hypotension risk (Decreased myocardial contractility).

	7
	CA_Lateral_FTc_Bazett
	-0.041517119
	Lateral CA static
	Bazett-corrected Flow Time. Shorter FTc indicates higher hypotension risk (Shortened diastolic filling time).

	8
	CA_ΔPSV
	0.041270643
	CA postural change
	Postural change rate. Greater increase in PSV indicates higher hypotension risk (Compensatory flow acceleration).

	9
	CA_Supine_FTc_Bazett
	-0.040644045
	Supine CA static
	Bazett-corrected Flow Time. Shorter FTc indicates higher hypotension risk (Shortened diastolic filling time).

	10
	CA_Supine_EDV
	-0.038923305
	Supine CA static
	End-Diastolic Velocity. Lower EDV indicates higher hypotension risk (Decreased peripheral vascular resistance).

	11
	CA_ΔAT
	0.033528063
	CA postural change
	Postural change rate. Greater variation in AT indicates higher hypotension risk (Impaired regulation of flow acceleration).


CA, carotid artery; D_peak, peak diastolic velocity; VTI, velocity time integral; AT, acceleration time; PSV, peak systolic velocity; FTc_Bazett/Wodey, corrected flow time; MV, mean velocity.

Supplementary Table S7. Classification performance of the LR model at different probability thresholds
	Threshold
	Accuracy
	Sensitivity
	Specificity
	PPV
	NPV
	F1 Score
	Youden Index

	0.1
	0.459
	1.000
	0.000
	0.459
	—
	0.629
	0.000

	0.2
	0.459
	1.000
	0.000
	0.459
	—
	0.629
	0.000

	0.3
	0.459
	1.000
	0.000
	0.459
	—
	0.629
	0.000

	0.4
	0.508
	1.000
	0.091
	0.483
	1.000
	0.651
	0.091

	0.5
	0.721
	0.714
	0.727
	0.690
	0.750
	0.702
	0.442

	0.6
	0.607
	0.143
	1.000
	1.000
	0.579
	0.250
	0.143

	0.7
	0.541
	0.000
	1.000
	—
	0.541
	0.000
	0.000

	0.8
	0.541
	0.000
	1.000
	—
	0.541
	0.000
	0.000



Supplementary Table S8. Comparison of Key Ablation Experimental Configurations (Based on the Optimal LR Model)
	Config ID
	No. of Features
	Feature Description
	CV AUC
	Exploratory pooled AUC
	Test 95% CI
	Temporal exploratory AUC
	Independent-center exploratory AUC

	E26
	5
	CA Supine+Lateral: strictly significant (P<0.05)
	0.765
	0.789
	(0.63–0.92)
	0.817
	0.750

	E24
	11
	CA Supine+Lateral: lenient (P<0.3) + redundancy removal
	0.786
	0.799
	(0.63–0.94)
	0.783
	0.800

	E19
	5
	CA+MCA Supine+Lateral: strictly significant
	0.765
	0.789
	(0.63–0.92)
	0.817
	0.750

	E36
	14
	CA+MCA+postural change rate: redundancy removal
	0.740
	0.789
	(0.62–0.93)
	0.817
	0.775

	E37
	11
	CA+MCA Supine+Lateral: redundancy removal
	0.734
	0.789
	(0.60–0.94)
	0.833
	0.750

	E18
	4
	Only CA Supine: strictly significant
	0.691
	0.771
	(0.60–0.90)
	0.833
	0.738

	E23
	18
	Only CA: full lenient (P<0.3)
	0.769
	0.774
	(0.59–0.92)
	0.800
	0.725

	E15
	11
	LASSO automated selection
	0.763
	0.763
	(0.57–0.93)
	0.833
	0.700

	E25
	3
	Only MCA: lenient (P<0.3)
	0.552
	0.419
	(0.19–0.65)
	0.667
	0.275

	E17
	1
	Only CA Lateral: CBDI
	0.678
	0.681
	(0.45–0.88)
	0.467
	0.763


Note: The "T0+T1 p<0.05 only" configuration yields identical features to "CA p<0.05 only" because no MCA features reached p<0.05 at either position. This suggests that the observed predictive signal in this exploratory analysis was primarily contributed by carotid artery-derived features.




Supplementary Fig. S1. Inter-group differences and Cohen’s d effect sizes of candidate features. [image: figure2-all_features_p0.3_combined]


Supplementary Fig.S2. Feature importance of broader carotid model using logistic regression.
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