Supplementary Material
Full ENIGMA MRI protocol
MRI was performed on a 3T Magnetom Vida scanner (Siemens Healthcare, Erlangen, Germany) using the following sequences:
T1-weighted MP2RAGE: TE = 2.98 ms, TR = 5000 ms, TI1 = 700 ms, TI2 = 2500 ms, flip angles = 4°/5°, voxel size = 1.0 × 1.0 × 1.0 mm³, acquisition matrix = 256 × 256 × 176, acquisition time = 7:19 min.
3D T2-weighted fluid-attenuated inversion recovery (FLAIR): TE = 430 ms, TR = 7600 ms, TI = 2400 ms, voxel size = 0.5 × 0.5 × 1.0 mm³, acquisition matrix = 256 × 256 × 192, acquisition time = 6:37 min.
Diffusion-weighted imaging (DWI): TE = 75 ms, TR = 3590 ms, voxel size = 0.7 × 0.7 × 4.0 mm³, acquisition matrix = 176 × 176 × 28, b-values = 0 and 2500 s/mm², 6 diffusion directions, acquisition time = 2:59 min.
Diffusion kurtosis imaging (DKI; acquired but not analysed in the present study): TE = 93 ms, TR = 3200 ms, voxel size = 2.0 × 2.0 × 2.0 mm³, acquisition matrix = 110 × 110 × 69, b-values = 0, 1000, and 2500 s/mm², 9 diffusion directions, acquisition time = 4:23 min. An additional reverse phase-encoding b = 0 s/mm² acquisition was acquired for distortion correction, with acquisition time = 1:26 min.
Susceptibility-weighted imaging (SWI): TE = 20 ms, TR = 28 ms, voxel size = 0.7 × 0.7 × 3.0 mm³, acquisition matrix = 320 × 240 × 48, acquisition time = 3:03 min.
Perfusion imaging was performed with dynamic susceptibility contrast (DSC) MRI using sequential gradient-echo (GRE) and spin-echo (SE) acquisitions.
GRE-DSC: TE = 30 ms, TR = 1500 ms, flip angle = 70°, voxel size = 2.0 × 2.0 × 2.0 mm³, acquisition matrix = 110 × 110 × 60, acquisition time = 3:22 min, gadobutrol dose = 0.1 mmol/kg.
SE-DSC: TE = 58 ms, TR = 1500 ms, voxel size = 2.3 × 2.3 × 2.4 mm³, acquisition matrix = 86 × 86 × 51, acquisition time = 3:19 min, additional gadobutrol dose = 0.2 mmol/kg.
The total nominal acquisition time for the full MRI protocol was 32 min 42 s, including the localizer (14 s), but excluding patient positioning and intersequence preparation.




	Supplementary table S1. Individual cSVD components and SE-derived NAWM perfusion/oxygenation metrics

	SE parameter
	Lacunes rho, p
	GCA rho, p
	Fazekas rho, p
	Microbleeds rho, p

	CBV
	0.027, p = 0.780
	0.024, p = 0.808
	0.025, p = 0.798
	-0.071, p = 0.469

	CBF
	0.076, p = 0.438
	-0.162, p = 0.096
	-0.088, p = 0.368
	-0.078, p = 0.425

	MTT
	-0.062, p = 0.523
	0.258, p = 0.008
	0.072, p = 0.462
	0.105, p = 0.283

	CTH
	-0.081, p = 0.409
	0.216, p = 0.026
	0.053, p = 0.586
	0.104, p = 0.286

	RTH
	-0.047, p = 0.632
	-0.167, p = 0.085
	-0.139, p = 0.153
	0.022, p = 0.819

	OEF
	0.012, p = 0.900
	0.260, p = 0.007
	0.124, p = 0.204
	0.113, p = 0.248

	CMRO₂
	0.103, p = 0.288
	-0.113, p = 0.245
	-0.085, p = 0.384
	-0.083, p = 0.394


Values are Spearman’s rank correlation coefficients (rho) with corresponding p-values. Positive rho values indicate higher perfusion or oxygenation metric values with increasing cSVD component burden, whereas negative rho values indicate lower metric values. 
cSVD, cerebral small vessel disease, SE, Spin-echo, NAWM, normal-appearing white matter, CBV, cerebral blood volume, CBF, cerebral blood flow, MTT, mean transit time, CTH, capillary transit time heterogeneity, RTH, relative transit time heterogeneity, OEF, oxygen extraction fraction, CMRO2, cerebral metabolic rate of oxygen.



	Supplementary Table S2. Perfusion and metabolic metrics in contralateral NAWM derived from GRE-DSC MRI across TOAST subtypes (n = 111).

	Parameter
	LAA (n=30)
	SVO (n=31)
	Cardioembolic (n=30)
	Other/Undetermined (n=20)
	Kruskal-Wallis p
	Adjusted GLM p*

	CBV (mL/100 g)
	0.252 (0.216–0.340)
	0.249 (0.193–0.283)
	0.226 (0.203–0.274)
	0.227 (0.177–0.298)
	0.409
	0.754

	CBF (mL/100 g/min)
	0.087 (0.068–0.136)
	0.078 (0.057–0.113)
	0.077 (0.058–0.097)
	0.069 (0.044–0.090)
	0.266
	0.496

	MTT (s)
	3.320 (2.739–4.108)
	3.236 (2.839–4.496)
	3.529 (2.881–4.480)
	4.210 (3.101–4.620)
	0.422
	0.483

	CTH (s)
	3.791 (3.018–5.025)
	3.746 (3.069–5.370)
	3.954 (3.297–5.425)
	4.900 (3.743–5.693)
	0.387
	0.372

	RTH
	1.105 (1.049–1.202)
	1.106 (1.043–1.172)
	1.117 (1.052–1.172)
	1.167 (1.029–1.220)
	0.586
	0.800

	OEF
	0.340 (0.323–0.363)
	0.343 (0.332–0.368)
	0.349 (0.332–0.366)
	0.356 (0.326–0.372)
	0.568
	0.361

	CMRO₂ (µmol/100 g/min)
	0.508 (0.391–0.807)
	0.479 (0.345–0.652)
	0.471 (0.368–0.578)
	0.416 (0.289–0.578)
	0.369
	0.664


All values are presented as median with interquartile range.
NAWM, normal-appearing white matter; GRE-DSC, gradient echo dynamic susceptibility contrast MRI; TOAST, Trial of ORG 10172 in Acute Stroke Treatment; CBV, cerebral blood volume; CBF, cerebral blood flow; MTT, mean transit time; CTH, capillary transit time heterogeneity; RTH, relative transit time heterogeneity; OEF, oxygen extraction fraction; CMRO₂, cerebral metabolic rate of oxygen.
*Adjusted p-values are derived from generalized linear regression models including age, sex, hypertension, diabetes, atrial fibrillation, smoking, and infarct volume. The presented global  p-values for TOAST were obtained using joint Wald tests.


	Supplementary Table S3. Determinants of perfusion and oxygenation metrics in contralateral NAWM (GRE-DSC) (n = 111, unilateral infarcts)

	
	CBV
	CBF
	MTT
	CTH
	RTH
	OEF
	CMRO₂

	Age, per 10 years
	0.99 (0.93–1.05), p = 0.70
	0.90 (0.83–0.98), p = 0.020
	1.13 (1.06–1.20), p < 0.001
	1.16 (1.07–1.26), p < 0.001
	1.01 (0.98–1.03), p = 0.69
	1.02 (1.00–1.04), p = 0.019
	0.93 (0.85–1.00), p = 0.065

	Male sex
	0.85 (0.76–0.96), p = 0.010
	0.67 (0.56–0.79), p < 0.001
	1.38 (1.26–1.51), p < 0.001
	1.45 (1.28–1.65), p < 0.001
	1.04 (0.99–1.08), p = 0.087
	1.06 (1.02–1.10), p = 0.002
	0.71 (0.61–0.83), p < 0.001

	Hypertension
	0.86 (0.74–1.00), p = 0.053
	0.71 (0.53–0.96), p = 0.028
	1.22 (0.99–1.51), p = 0.067
	1.29 (1.00–1.67), p = 0.054
	1.03 (0.95–1.12), p = 0.43
	1.07 (1.00–1.14), p = 0.041
	0.76 (0.58–0.99), p = 0.040

	Diabetes
	0.93 (0.76–1.15), p = 0.51
	0.74 (0.52–1.06), p = 0.097
	1.16 (0.92–1.46), p = 0.22
	1.14 (0.84–1.53), p = 0.40
	1.04 (0.94–1.16), p = 0.46
	1.06 (0.98–1.14), p = 0.15
	0.79 (0.57–1.09), p = 0.15

	Atrial fibrillation
	1.33 (1.08–1.62), p = 0.006
	1.51 (1.12–2.04), p = 0.007
	0.86 (0.71–1.05), p = 0.15
	0.64 (0.39–1.06), p = 0.083
	1.04 (0.95–1.13), p = 0.38
	0.98 (0.92–1.05), p = 0.62
	1.46 (1.12–1.92), p = 0.005

	Smoking
	1.01 (0.91–1.13), p = 0.82
	1.03 (0.88–1.21), p = 0.71
	0.96 (0.88–1.05), p = 0.40
	0.99 (0.87–1.12), p = 0.88
	0.98 (0.94–1.02), p = 0.28
	0.98 (0.95–1.01), p = 0.28
	0.89 (0.71–1.11), p = 0.29

	NIHSS score
	0.99 (0.98–1.00), p = 0.15
	0.99 (0.97–1.01), p = 0.22
	1.00 (0.99–1.01), p = 0.83
	1.00 (0.98–1.02), p = 0.98
	1.00 (1.00–1.01), p = 0.16
	1.00 (1.00–1.00), p = 0.47
	0.99 (0.97–1.01), p = 0.20

	DWI infarct volume, per doubling
	1.01 (0.98–1.03), p = 0.53
	1.01 (0.97–1.04), p = 0.66
	1.00 (0.98–1.02), p = 0.96
	0.98 (0.94–1.01), p = 0.19
	1.00 (0.99–1.01), p = 0.47
	1.00 (0.99–1.01), p = 0.81
	1.01 (0.98–1.04), p = 0.48


All values are presented as Exponentiated coefficients (ratios) with 95% confidence intervals from fully adjusted multivariable generalized linear models. Ratios > 1 indicate higher values per category or per 10-year age increase.
NAWM, normal-appearing white matter, SE-DCS, spin echo dynamic susceptibility contrast MRI, CBV, cerebral blood volume, CBF, cerebral blood flow, MTT, mean transit time, CTH, capillary transit time heterogeneity, RTH, relative transit time heterogeneity, OEF, oxygen extraction fraction, CMRO2, cerebral metabolic rate of oxygen, NIHSS, National Institutes of Health Stroke Scale, DWI, diffusion weighted imaging.



