Supplemental material
eMethod 1. Visual assessment and interrater agreement analysis for the identification of vessel-clusters on susceptibility-weighted
imaging (SWI).
A stroke neurologist (SR) identified 114 regions of interest (ROI) indicating focal low-signal alterations in the white matter on SWI. These ROIs
were characterized by lower signal intensity compared to the surrounding parenchyma showing either vessel-like structures or other nonspecific
changes in SWI intensity of the white matter (i.e. for CSF content). Lesions characterized by pronounced blooming effect due to hemorrhagic
content such as microbleeds or intracranial hemorrhages were excluded. The ROIs on SWI were manually outlined using ITK-SNAP software1
including each slice on which each low signal area was visible, given a unique identity number, and evaluated on a radiological quality PACS
image viewer (Carestream®). Then, two independent observers (SR and EC) evaluated the 114 ROIs to identify those compatible with the
vessel-cluster definition, and counted the number of the vessel-like structures identified for each vessel-cluster. Interrater agreement between the
two readers for the presence of vessel-clusters and number of vessel-like structure for each ROI was assessed with kappa statistics and weighted
quadratic kappa-statistic, respectively,2,3 and graded according to Altman criteria.4 Interrater agreement for the presence of the clusters was
substantial (kappa statistic = 0.66, 95% CI 0.49-0.84, p<0.001). Positive, negative, and global agreement (95% CI) were 93.5% (88.9%-96.2%),
72.7% (58.2%-83.7%), and 89.5% (82.5%-93.9%), respectively. The prevalence and bias adjusted kappa (PABAK) was 0.79. The interrater
agreement for the number of single vessel-like structures in each cluster was also substantial (quadratic kappa statistic = 0.64, 95% CI 0.52-0.75,
p<0.001).

eTable 1. Logistic multivariable regression for the presence of vessel-clusters in per-patient analysis
Unadjusted OR (95% CI)

P

Adjusted OR (95% CI)

P

Age, y

0.98 (0.94-1.01)

0.221

0.94 (0.88-1.01)

0.090

Male sex

2.16 (0.86-5.44)

0.101

2.94 (0.84-10.34)

0.090

Alcohol use

2.49 (0.87-7.06)

0.088

1.52 (0.40-5.81)

0.543

CADASIL (vs. sporadic SVD)

4.20 (1.58-11.1)

0.004

2.34 (0.47-11.69)

0.300

Log 10 normalized WMH volume

2.31 (1.50-3.56)

<0.001

1.92 (1.04-3.56)

0.038

Number of lacunes

1.38 (1.16-1.64)

<0.001

1.30 (1.05-1.62)

0.018

Number of microbleeds

1.06 (0.99-1.13)

0.093

0.98 (0.90-1.08)

0.683

PVS (BG+CS) score

1.48 (1.13-1.95)

0.004

0.89 (0.56-1.41)

0.614

CVR in normal appearing white
matter, %/mmHg*
CVR in WMH, %/mmHg*

0.87 (0.73-1.02)

0.094

0.77 (0.60-0.99)

0.040

0.91 (0.84-0.99)

0.026

0.90 (0.80-1.01)

0.069

Adjusted for age, sex, log 10 normalized WMH volume and number of lacunes, number of microbleeds, PVS (BG+CS) score, alcohol use, and SVD type. Analysis performed
in the whole cohort (N=76), except for CVR variables that were available in 69 patients (*). WMH: white matter hyperintensities; CADASIL: Cerebral autosomal dominant
arteriopathy with subcortical infarcts and leukoencephalopathy; BG: basal ganglia; CSO: centrum semiovale; PVS: perivascular spaces.

eTable 2. Ordinal multivariable regression for the number of vessel-clusters in per-patient analysis
Unadjusted OR (95% CI)

P value

Adjusted OR (95% CI)

P value

Age, y

0.97 (0.93-1.00)

0.082

0.94 (0.88-0.99)

0.037

Male sex

2.48 (1.03-5.95)

0.043

3.63 (1.29-10.24)

0.015

Alcohol use

2.44 (0.82-6.18)

0.118

1.07 (0.34-3.33)

0.906

CADASIL (vs. sporadic SVD)

4.90 (1.97-12.0)

0.004

2.41 (0.62-9.31)

0.202

Log 10 normalized WMH volume

2.33 (1.59-3.40)

<0.001

1.80 (1.09-2.96)

0.021

Number of lacunes

1.26 (1.13-1.40)

<0.001

1.22 (1.03-5.31)

0.002

Number of microbleeds

1.06 (1.01-1.12)

0.031

0.97 (0.91-1.04)

0.369

PVS (BG+CS) score

1.50 (1.18-1.90)

0.001

1.06 (0.73-1.54)

0.744

CVR in normal appearing white
matter, %/mmHg*
CVR in WMH, %/mmHg*

0.92 (0.81-1.03)

0.094

0.88 (0.77-1.01)

0.069

0.92 (0.87-0.99)

0.020

0.93 (0.86-1.01)

0.088

Adjusted for age, sex, log 10 normalized WMH volume and number of lacunes, number of microbleeds, PVS (BG+CS) score, alcohol use, and SVD type. Analysis performed
in the whole cohort (N=76), except for CVR variables that were available in 69 patients (*). WMH: white matter hyperintensities; CADASIL: Cerebral autosomal dominant
arteriopathy with subcortical infarcts and leukoencephalopathy; BG: basal ganglia; CSO: centrum semiovale; PVS: perivascular spaces.

eTable 3. Structural features of the all vessel-clusters in per cluster analysis, and according to the presence of full cavitation (vs. no or
partial cavitation), type of SVD (sporadic SVDvs. CADASIL), and number of lacunes (<8 vs. 8 lacunes)

Number of vessel-like
structures, median (IQR)
Side (left hemisphere), n
(%)
Location in white matter,
n (%)
Anterior
Middle
Posterior
Vessel-cluster region
shape
Round
Ovoid
Irregular
Linear
Linear rim, n (%)
Vessel-cluster region
volume, mL, median
(IQR)

All vesselclusters
(N=94)

Vessel-clusters
with full cavitation
(N=37)

Vessel-clusters
with partial or no
cavitation (N=57)

P
value

Vessel-clusters in
sporadic SVD
(N=33)

Vessel-clusters in
CADASIL
(N=61)

P
value

Vessel-clusters in
patients with <8
lacunes (N=42)

Vessel-clusters in
patients with  8
lacunes (N=41)

P
value

2 (1-3)

2 (2-3)

2 (1-3)

0.023

2 (1-3)

2 (1-3)

0.225

2 (1-3)

2 (1-3)

0.440

48 (51)

20 (54)

28 (49)

0.640

15 (45)

31 (51)

0.619

20 (48)

26 (50)

0.818

0.219

13 (39)

28 (46)

0.188

10 (30)
60 (61)
3 (9)

12 (20)
35 (57)
14 (23)

22 (23.4)
55 (58.5)
17 (18.1)

12 (32)
20 (54)
5 (13)

10 (18)
35 (61)
12 (21)
0.153

45 (47.9)
32 (34.0)
6 (6.4)
11 (11.7)
41 (43.6)
0.150 (0.0820.257)

18 (49)
15 (41)
3 (8)
1 (3)
26 (70)
0.237 (0.188-0.377)

27 (47)
17 (30)
3 (5)
10 (18)
15 (26)
0.105 (0.068-0.165)

<0.001
<0.001

0.121
6 (14)
29 (69)
7 (17)

16 (31)
26 (50)
10 (19)

0.827
16 (48)
11 (33)
3 (9)
3 (9)

29 (48)
21 (34)
3 (5)
8 (13)

0.168 (0.0820.259)

0.150 (0.0840.233)

0.779

0.730
19 (45)
14 (33)
4 (10)
5 (12)
10 (24)
0.128 (0.0440.209)

26 (50)
18 (35)
2 (4)
6 (12)
31 (60)
0.168 (0.0990.275)

0.001
0.125

eTable 4. Per-cluster cerebrovascular reactivity (CVR) magnitude analysis in vessel-cluster volumes and surrounding tissue using
contralateral volumes as reference.

All vessel-clusters
Vessel cluster
2 voxel volume expansion
4 voxel volume expansion
6 voxel volume expansion
0-2 voxel shell
2-4 voxel shell
4-6 voxel shell
Vessel-clusters with full cavitation
Vessel cluster
2 voxel volume expansion
4 voxel volume expansion
6 voxel volume expansion
0-2 voxel shell
2-4 voxel shell
4-6 voxel shell
Vessel-clusters with partial or no cavitation
Vessel cluster
2 voxel volume expansion
4 voxel volume expansion
6 voxel volume expansion
0-2 voxel shell
2-4 voxel shell
4-6 voxel shell

Vessel cluster CVR
(%/mmHg)

Contralateral volume
CVR (%/mmHg)

Mean difference (SD)
(%/mmHg)

2 sample t test, t

P value

0.012 (0.118)
0.016 (0.074)
0.017 (0.062)
0.026 (0.054)
0.015 (0.073)
0.017 (0.062)
0.026 (0.054)

0.033 (0.086)
0.022 (0.057)
0.026 (0.054)
0.026 (0.053)
0.021 (0.057)
0.025 (0.054)
0.026 (0.052)

-0.021 (0.119)
-0.006 (0.043)
-0.008 (0.040)
0.000 (0.028)
-0.006 (0.043)
-0.008 (0.040)
0.000 (0.028)

-1.528
-1.341
-2.047
0.047
-1.330
-2.039
0.066

0.131
0.183
0.044
0.963
0.187
0.044
0.948

-0.023 (0.089)
0.008 (0.070)
0.011 (0.057)
0.018 (0.052)
0.006 (0.070)
0.010 (0.056)
0.017 (0.052)

0.023 (0.094)
0.019 (0.063)
0.021 (0.057)
0.021 (0.051)
0.017 (0.063)
0.020 (0.057)
0.021 (0.051)

-0.046 (0.088)
-0.011 (0.031)
-0.010 (0.027)
-0.003 (0.030)
-0.011 (0.033)
-0.010 (0.027)
-0.004 (0.030)

-3.021
-2.140
-2.295
-0.697
-2.039
-.2.234
-0.723

0.005
0.039
0.028
0.490
0.049
0.026
0.474

.004 (0.132)
0.021 (0.076)
0.021 (0.065)
0.032 (0.055)
0.021 (0.076)
0.021 (0.065)
0.032 (0.055)

0.041 (0.079)
0.023 (0.053)
0.028 (0.052)
0.029 (0.054)
0.023 (0.053)
0.028 (0.052)
0.029 (0.054)

-0.001 (0.136)
-0.003 (0.049)
-0.007 (0.047)
0.002 (0.026)
-0.003 (0.049)
-0.007 (0.047)
0.003 (0.026)

-0.031
-0.416
-1.200
0.682
-0.405
-1.176
0.730

0.976
0.679
0.235
0.498
0.687
0.244
0.468

eFigure 1. Normal appearance of deep medullary veins on SWI in a patient with sporadic small vessel disease (SVD).

In the figure 4 consecutive (from caudal to rostral) axial images from SWI acquisition of a patient with sporadic SVD. The red circles show in
the left centrum semiovale the normal appearance of the white matter venous drainage from the deep medullary veins (perpendicular to the lateral
ventricles) to the corresponding subependymal veins (parallel to the lateral edge of the lateral ventricle) and finally converging into the deep
venous system.

eFigure 2. Schematic representation of the finding on SWI at visual assessment for the identification of the vessel-clusters.

A: tubular and/or punctate vessel-like low signal structures on SWI may be visible in a focal ROI within white matter hyperintensity (WMH)
areas. B: vessel-clusters may appear within or on the edge of regions with lower signal compared to the surrounding tissue and corresponding in
most cases to cavities containing CSF (i.e. lacune). C: a ROI may show CSF-like appearance but no vessel-clusters are visible.

eFigure 3. Examples of disagreements in visual assessment on SWI for vessel-clusters. Equivocal appearances of vessels (e.g., “loop-like”
shapes or branching structures, proximity to periventricular veins, and images with very small diameters) gave rise to the majority of
discordances in visual assessment results between the two readers. Small cavities with CSF may also be difficult to differentiate from vessel-like
structures. FLAIR sequences were not assessed for the vessel-cluster agreement, but are also shown on the panel to show the structural features
corresponding to the regions of interest evaluated.

A: a left periventricular round low-signal CSF-like image is visible on SWI, corresponding to a complete lacune on FLAIR. A big vein (longitudinal caudate vein of
Schlesinger) is reaching the edge of the lacune, but no small vessels were observed in the edges of the lacune. B: small dilated vessels are shown in the lateral edge of an
incomplete lacunes within focal WMH, while in the medial edge the dilated vessel corresponds to the transverse caudate vein. C: some vessels appear prominent in the WMH
but do not clearly differentiate from deep medullary veins. Although these findings could be related to initial phases of vessel-clusters formation, they were not considered as
vessel-clusters because of very unspecific appearance at visual assessment. D: a right frontal parasagittal low-signal image is visible on SWI corresponding to WMH, but no
small vessels within the areas were clearly identified.

eFigure 4. Hemisphere affected by vessel-clusters in the 22/76 patients with more than one vessel-cluster (29%)

The bar chart shows as the vessel-clusters had a predominantly symmetrical distribution in those patients who had more than one vessel-cluster.
Y axis: number of vessel-clusters per patients, X axis: each bar represents a patient with more than one vessel-cluster. Dark and light gray
represent vessel-clusters in the left and right hemispheres, respectively.

eFigure 5. Examples of vessel-clusters presenting different morphologic features in 3 patients with CADASIL.

A: various vessels seem to be draining from an incomplete lacune to the
lateral ventricle. B: a single dilated vessel is visible in the middle of a
focal WMH area without cavitation. C: some dilated vessels appear in
the WMH boarding the lateral edge of a periventricular lacune.

eFigure 6. Gradient effect of CVR towards concentric penumbral shells.

Points represent mean CVR and bars 95% CI. Linear significant trend in increasing CVR is shown in the subgroup of cluster with complete
cavitation (gray marks, dashed line), while no trend relationship was present in vessel-clusters with partial or no cavitation (black marks,
continuous line).

eFigure 7. Per-cluster cerebrovascular reactivity (CVR) delay analysis compared to contralateral volumes.
Forest plots: Black points (cluster-vessels volumes) and grey squares
(contralateral volumes) represent mean delay (s, seconds) and bars
represent standard deviation. None of the comparisons was
significant (p<0.05). On the left the charts represent CVR-delay
within concentrical expansions the vessel-cluster volume (including
it), on the right side of the panel the charts represent CVR-delay
within the original vessel-cluster volume and concentrical penumbral
shells.
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