Perivascular spaces in neuropsychiatric post-COVID syndrome: Supplementary Material
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Supplementary Figure S1. PVS segmentation across multiple slices from two cases. Each block shows the original image, a magnified view of the region outlined by the square, the manual reference segmentation, and the corresponding automated segmentation.


Comparison between results obtained with automated PVS measures and visual ratings
The two approaches showed broad directional agreement, although the visual ratings generally produced smaller or less precise estimates. The age-related associations were particularly consistent: both approaches showed higher CSO PVS burden with increasing age, as well as a positive association between age and BG PVS extent. The inverse association between education and CSO PVS burden was also reproduced across the automated and visual measures. The strong associations of female sex with automated BG PVS measures were positive but substantially attenuated and non-significant when visual ratings were used.
For the main age-by-status analysis, positive interactions were observed for automated CSO fractional PVS volume (B = 0.339, SE = 0.167, P = 0.023) and count (B = 0.355, SE = 0.166, P = 0.017). The interaction was directionally reproduced by the visual count, although the estimate was smaller and non-significant (B = 0.195, SE = 0.179, P = 0.140), while the visual score showed a weaker effect (B = 0.071, SE = 0.183, P = 0.350). Neither the automated nor visual measures supported a corresponding age-by-status interaction in the BG (B = −0.106 to 0.229; all P ≥ 0.113). Thus, the visual analyses supported the regional direction of the primary finding but did not independently reproduce its statistical significance.
Agreement was clearer for syndrome duration. In the CSO, closely similar positive estimates were obtained for automated fractional PVS volume (B = 0.216, SE = 0.104, P = 0.022), visual PVS score (B = 0.228, SE = 0.146, P = 0.063), and visual PVS count (B = 0.223, SE = 0.134, P = 0.051), whereas the association with automated fractional count was weaker (B = 0.105, SE = 0.110, P = 0.172). Positive estimates were also observed for BG fractional volume (B = 0.201, SE = 0.133, P = 0.069), visual score (B = 0.246, SE = 0.152, P = 0.057), and visual count (B = 0.305, SE = 0.169, P = 0.039), but not automated fractional count (B = 0.014, SE = 0.119, P = 0.454). 
Agreement was more selective for the exploratory depression and health-related quality-of-life analyses, but several effects remained directionally consistent. The more negative relationship between CSO PVS burden and Social Functioning among participants with neuropsychiatric post-COVID syndrome was observed using automated fractional volume (B = −0.327, SE = 0.163, P = 0.024), automated fractional count (B = −0.282, SE = 0.165, P = 0.046), and both visual CSO measures (B = −0.139, SE ≈ 0.165, P = 0.200), although associations with visual estimates were not significant. The BDI-II interaction was also positive for both automated CSO volume (B = 0.256, SE = 0.148, P = 0.044) and visual CSO score (B = 0.109, SE = 0.146, P = 0.228). The interactions involving Physical Functioning and Role Limitations due to Physical Health were not reproduced by the visual ratings and should therefore be interpreted more cautiously.
Overall, the visual ratings corroborated several important features of the automated results: the concentration of the age-dependent pattern in the CSO rather than the BG, the positive relationship between PVS burden and syndrome duration, and the direction of selected clinical associations. The particularly close agreement in the duration effect estimates strengthens confidence that this finding is not specific to the automated segmentation method. The lower statistical sensitivity of the visual ratings is plausible because they compress PVS burden into relatively coarse categories, whereas the automated measures retain continuous information about both the number and spatial extent of PVS.


Supplementary Table S1. Associations of automated and visually rated PVS measures with demographic and vascular covariates. Regression results are presented for associations of age, sex, education, BMI, and history of cardiovascular disease with fractional PVS volume, fractional PVS count, visual PVS scores, and visual PVS counts in the CSO ROI and BG ROI. All predictors were included simultaneously in each model. Agreement indicates whether the corresponding automated and visual estimates were in the same direction. P values are uncorrected. B, regression coefficient; df, degrees of freedom; SE, standard error.
	
	
	
	Automated
	Visual
	

	Covariate
	Region
	N
	Measure
	B
	SE
	t
	df
	P
	Measure
	B
	SE
	t
	df
	P
	Directional agreement

	Age
	CSO
	116
	Fractional PVS volume
	0.379
	0.088
	4.313
	110
	<0.001
	Score
	0.218
	0.095
	2.288
	110
	0.024
	Same direction

	Age
	CSO
	116
	Fractional PVS count
	0.405
	0.088
	4.626
	110
	<0.001
	Count
	0.245
	0.093
	2.632
	110
	0.010
	Same direction

	Sex (Female vs Male)
	CSO
	116
	Fractional PVS volume
	0.008
	0.170
	0.045
	110
	0.964
	Score
	-0.163
	0.184
	-0.887
	110
	0.377
	Opposite direction

	Sex (Female vs Male)
	CSO
	116
	Fractional PVS count
	0.128
	0.169
	0.759
	110
	0.450
	Count
	-0.268
	0.180
	-1.492
	110
	0.138
	Opposite direction

	Education
	CSO
	116
	Fractional PVS volume
	-0.205
	0.085
	-2.400
	110
	0.018
	Score
	-0.214
	0.092
	-2.311
	110
	0.023
	Same direction

	Education
	CSO
	116
	Fractional PVS count
	-0.145
	0.085
	-1.703
	110
	0.091
	Count
	-0.256
	0.090
	-2.836
	110
	0.005
	Same direction

	History of cardiovascular disease (Yes vs No)
	CSO
	116
	Fractional PVS volume
	0.297
	0.207
	1.434
	110
	0.154
	Score
	0.051
	0.224
	0.230
	110
	0.819
	Same direction

	History of cardiovascular disease (Yes vs No)
	CSO
	116
	Fractional PVS count
	0.292
	0.206
	1.417
	110
	0.159
	Count
	0.117
	0.219
	0.537
	110
	0.592
	Same direction

	Body mass index
	CSO
	116
	Fractional PVS volume
	0.031
	0.088
	0.356
	110
	0.723
	Score
	0.057
	0.095
	0.602
	110
	0.548
	Same direction

	Body mass index
	CSO
	116
	Fractional PVS count
	0.066
	0.088
	0.755
	110
	0.452
	Count
	0.000
	0.093
	0.003
	110
	0.997
	Same direction

	Age
	BG
	116
	Fractional PVS volume
	0.330
	0.090
	3.655
	110
	<0.001
	Score
	0.228
	0.097
	2.343
	110
	0.021
	Same direction

	Age
	BG
	116
	Fractional PVS count
	0.015
	0.083
	0.180
	110
	0.858
	Count
	0.161
	0.100
	1.612
	110
	0.110
	Same direction

	Sex (Female vs Male)
	BG
	116
	Fractional PVS volume
	0.711
	0.174
	4.077
	110
	<0.001
	Score
	0.081
	0.188
	0.431
	110
	0.667
	Same direction

	Sex (Female vs Male)
	BG
	116
	Fractional PVS count
	1.146
	0.161
	7103
	110
	<0.001
	Count
	0.220
	0.193
	1.144
	110
	0.255
	Same direction

	Education
	BG
	116
	Fractional PVS volume
	0.000
	0.088
	-0.002
	110
	0.998
	Score
	0.018
	0.094
	0.190
	110
	0.849
	Opposite direction

	Education
	BG
	116
	Fractional PVS count
	0.074
	0.081
	0.916
	110
	0.362
	Count
	-0.025
	0.097
	-0.258
	110
	0.797
	Opposite direction

	History of cardiovascular disease (Yes vs No)
	BG
	116
	Fractional PVS volume
	0.034
	0.212
	0.162
	110
	0.872
	Score
	0.239
	0.228
	1.044
	110
	0.299
	Same direction

	History of cardiovascular disease (Yes vs No)
	BG
	116
	Fractional PVS count
	0.196
	0.196
	0.998
	110
	0.320
	Count
	0.093
	0.234
	0.397
	110
	0.692
	Same direction

	Body mass index
	BG
	116
	Fractional PVS volume
	0.015
	0.090
	0.167
	110
	0.867
	Score
	0.096
	0.097
	0.984
	110
	0.327
	Same direction

	Body mass index
	BG
	116
	Fractional PVS count
	0.008
	0.084
	0.090
	110
	0.928
	Count
	0.040
	0.100
	0.406
	110
	0.686
	Same direction



Supplementary Table S2. Associations of automated and visually rated PVS measures with neuropsychiatric post-COVID syndrome status and duration. Regression results are presented for the age-by-status interaction, and syndrome duration using fractional PVS volume, fractional PVS count, visual PVS scores, and visual PVS counts in the CSO and BG. Status models included age, syndrome status, their interaction, sex, education, BMI, and history of cardiovascular disease. Duration models were restricted to participants with neuropsychiatric post-COVID syndrome and adjusted for age, sex, education, BMI, and history of cardiovascular disease. P values are uncorrected. Agreement indicates whether the corresponding automated and visual estimates were in the same direction. B, regression coefficient; df, degrees of freedom; SE, standard error.
	
	
	
	Automated
	Visual
	

	Analysis
	Region
	N
	Measure
	B
	SE
	t
	df
	P
	Measure
	B
	SE
	t
	df
	P
	Directional agreement

	Age × post-COVID syndrome status
	CSO
	116
	Fractional PVS volume
	0.339
	0.167
	2.028
	108
	0.023
	Score
	0.071
	0.183
	0.386
	108
	0.350
	Same direction

	Age × post-COVID syndrome status
	CSO
	116
	Fractional PVS count
	0.355
	0.166
	2.144
	108
	0.017
	Count
	0.195
	0.179
	1.086
	108
	0.140
	Same direction

	Age × post-COVID syndrome status
	BG
	116
	Fractional PVS volume
	-0.013
	0.175
	-0.074
	108
	0.529
	Score
	0.229
	0.188
	1.219
	108
	0.113
	Opposite direction

	Age × post-COVID syndrome status
	BG
	116
	Fractional PVS count
	-0.106
	0.162
	-0.652
	108
	0.742
	Count
	0.124
	0.194
	0.640
	108
	0.262
	Opposite direction

	Syndrome duration
	CSO
	50
	Fractional PVS volume
	0.216
	0.104
	2.068
	43
	0.022
	Score
	0.228
	0.146
	1.563
	43
	0.063
	Same direction

	Syndrome duration
	CSO
	50
	Fractional PVS count
	0.105
	0.110
	0.957
	43
	0.172
	Count
	0.223
	0.134
	1.673
	43
	0.051
	Same direction

	Syndrome duration
	BG
	50
	Fractional PVS volume
	0.201
	0.133
	1.513
	43
	0.069
	Score
	0.246
	0.152
	1.618
	43
	0.057
	Same direction

	Syndrome duration
	BG
	50
	Fractional PVS count
	0.014
	0.119
	0.116
	43
	0.454
	Count
	0.305
	0.169
	1.804
	43
	0.039
	Same direction



Supplementary Table S3. Automated and visually rated PVS measures versus clinical outcomes. Regression results are presented for interactions between neuropsychiatric post-COVID syndrome status and MADRS and BDI-II and the eight SF-36 domains, using fractional PVS volume, fractional PVS count, visual PVS scores, and visual PVS counts in the CSO and BG. Models included the PVS measure, clinical outcome, syndrome status, and their interaction and were adjusted for age, sex, education, BMI, and history of cardiovascular disease. Agreement indicates whether the corresponding automated and visual interaction estimates were in the same direction. P values are uncorrected. B, regression coefficient; df, degrees of freedom; SE, standard error.
	
	
	
	Automated
	Visual
	

	Clinical outcome
	Region
	N
	Measure
	B
	SE
	t
	df
	P
	Measure
	B
	SE
	t
	df
	P
	Directional agreement

	MADRS
	CSO
	115
	Fractional PVS volume
	0.105
	0.147
	0.713
	106
	0.239
	Score
	0.067
	0.141
	0.475
	106
	0.318
	Same direction

	MADRS
	CSO
	115
	Fractional PVS count
	-0.013
	0.145
	-0.088
	106
	0.535
	Count
	0.063
	0.143
	0.438
	106
	0.331
	Opposite direction

	MADRS
	BG
	115
	Fractional PVS volume
	-0.033
	0.147
	-0.225
	106
	0.589
	Score
	0.077
	0.149
	0.513
	106
	0.304
	Opposite direction

	MADRS
	BG
	115
	Fractional PVS count
	0.109
	0.146
	0.744
	106
	0.229
	Count
	0.093
	0.143
	0.645
	106
	0.260
	Same direction

	BDI-II
	CSO
	111
	Fractional PVS volume
	0.256
	0.148
	1.722
	102
	0.044
	Score
	0.109
	0.146
	0.748
	102
	0.228
	Same direction

	BDI-II
	CSO
	111
	Fractional PVS count
	0.226
	0.150
	1.504
	102
	0.068
	Count
	0.076
	0.147
	0.518
	102
	0.303
	Same direction

	BDI-II
	BG
	111
	Fractional PVS volume
	-0.128
	0.148
	-0.864
	102
	0.805
	Score
	-0.068
	0.153
	-0.445
	102
	0.672
	Same direction

	BDI-II
	BG
	111
	Fractional PVS count
	-0.080
	0.149
	-0.536
	102
	0.703
	Count
	-0.104
	0.150
	-0.693
	102
	0.755
	Same direction

	SF-36 Physical Functioning
	CSO
	110
	Fractional PVS volume
	-0.196
	0.156
	-1.251
	101
	0.107
	Score
	0.016
	0.156
	0.106
	101
	0.542
	Opposite direction

	SF-36 Physical Functioning
	CSO
	110
	Fractional PVS count
	-0.263
	0.153
	-1.711
	101
	0.045
	Count
	-0.006
	0.157
	-0.036
	101
	0.486
	Same direction

	SF-36 Physical Functioning
	BG
	110
	Fractional PVS volume
	0.119
	0.153
	0.773
	101
	0.779
	Score
	0.389
	0.154
	2.515
	101
	0.993
	Same direction

	SF-36 Physical Functioning
	BG
	110
	Fractional PVS count
	-0.262
	0.152
	-1.729
	101
	0.043
	Count
	0.323
	0.153
	2.106
	101
	0.981
	Opposite direction

	SF-36 Role Limitations—Physical
	CSO
	110
	Fractional PVS volume
	-0.168
	0.147
	-1.139
	101
	0.129
	Score
	-0.020
	0.146
	-0.140
	101
	0.444
	Same direction

	SF-36 Role Limitations—Physical
	CSO
	110
	Fractional PVS count
	-0.258
	0.146
	-1.768
	101
	0.040
	Count
	-0.003
	0.148
	-0.018
	101
	0.493
	Same direction

	SF-36 Role Limitations—Physical
	BG
	110
	Fractional PVS volume
	0.130
	0.144
	0.904
	101
	0.816
	Score
	0.134
	0.150
	0.894
	101
	0.813
	Same direction

	SF-36 Role Limitations—Physical
	BG
	110
	Fractional PVS count
	-0.194
	0.143
	-1.355
	101
	0.089
	Count
	0.160
	0.147
	1.088
	101
	0.860
	Opposite direction

	SF-36 Role Limitations—Emotional
	CSO
	110
	Fractional PVS volume
	-0.127
	0.127
	-1.005
	101
	0.159
	Score
	0.012
	0.125
	0.096
	101
	0.538
	Opposite direction

	SF-36 Role Limitations—Emotional
	CSO
	110
	Fractional PVS count
	-0.050
	0.127
	-0.395
	101
	0.347
	Count
	-0.042
	0.126
	-0.330
	101
	0.371
	Same direction

	SF-36 Role Limitations—Emotional
	BG
	110
	Fractional PVS volume
	-0.017
	0.125
	-0.134
	101
	0.447
	Score
	0.080
	0.129
	0.620
	101
	0.732
	Opposite direction

	SF-36 Role Limitations—Emotional
	BG
	110
	Fractional PVS count
	-0.014
	0.125
	-0.115
	101
	0.454
	Count
	0.052
	0.127
	0.409
	101
	0.658
	Opposite direction

	SF-36 Energy/Fatigue
	CSO
	109
	Fractional PVS volume
	-0.201
	0.163
	-1.235
	100
	0.110
	Score
	0.031
	0.157
	0.199
	100
	0.579
	Opposite direction

	SF-36 Energy/Fatigue
	CSO
	109
	Fractional PVS count
	-0.171
	0.165
	-1.039
	100
	0.151
	Count
	-0.004
	0.159
	-0.025
	100
	0.490
	Same direction

	SF-36 Energy/Fatigue
	BG
	109
	Fractional PVS volume
	0.103
	0.163
	0.634
	100
	0.736
	Score
	0.121
	0.161
	0.749
	100
	0.772
	Same direction

	SF-36 Energy/Fatigue
	BG
	109
	Fractional PVS count
	-0.088
	0.160
	-0.549
	100
	0.292
	Count
	0.244
	0.157
	1.549
	100
	0.938
	Opposite direction

	SF-36 Emotional Well-being
	CSO
	109
	Fractional PVS volume
	-0.143
	0.189
	-0.759
	100
	0.225
	Score
	0.151
	0.180
	0.840
	100
	0.799
	Opposite direction

	SF-36 Emotional Well-being
	CSO
	109
	Fractional PVS count
	-0.057
	0.191
	-0.301
	100
	0.382
	Count
	0.006
	0.183
	0.033
	100
	0.513
	Opposite direction

	SF-36 Emotional Well-being
	BG
	109
	Fractional PVS volume
	-0.062
	0.188
	-0.332
	100
	0.370
	Score
	-0.006
	0.186
	-0.032
	100
	0.487
	Same direction

	SF-36 Emotional Well-being
	BG
	109
	Fractional PVS count
	-0.142
	0.184
	-0.774
	100
	0.220
	Count
	0.017
	0.182
	0.094
	100
	0.537
	Opposite direction

	SF-36 Social Functioning
	CSO
	109
	Fractional PVS volume
	-0.327
	0.163
	-2.008
	100
	0.024
	Score
	-0.139
	0.164
	-0.845
	100
	0.200
	Same direction

	SF-36 Social Functioning
	CSO
	109
	Fractional PVS count
	-0.282
	0.165
	-1.704
	100
	0.046
	Count
	-0.139
	0.165
	-0.845
	100
	0.200
	Same direction

	SF-36 Social Functioning
	BG
	109
	Fractional PVS volume
	-0.122
	0.165
	-0.743
	100
	0.230
	Score
	0.001
	0.168
	0.008
	100
	0.503
	Opposite direction

	SF-36 Social Functioning
	BG
	109
	Fractional PVS count
	-0.256
	0.164
	-1.562
	100
	0.061
	Count
	-0.002
	0.165
	-0.011
	100
	0.496
	Same direction

	SF-36 Pain
	CSO
	109
	Fractional PVS volume
	-0.094
	0.150
	-0.627
	100
	0.266
	Score
	-0.034
	0.146
	-0.234
	100
	0.408
	Same direction

	SF-36 Pain
	CSO
	109
	Fractional PVS count
	-0.096
	0.152
	-0.630
	100
	0.265
	Count
	-0.087
	0.148
	-0.587
	100
	0.279
	Same direction

	SF-36 Pain
	BG
	109
	Fractional PVS volume
	0.176
	0.148
	1.183
	100
	0.880
	Score
	0.149
	0.151
	0.983
	100
	0.836
	Same direction

	SF-36 Pain
	BG
	109
	Fractional PVS count
	-0.015
	0.146
	-0.104
	100
	0.459
	Count
	0.314
	0.146
	2.149
	100
	0.983
	Opposite direction

	SF-36 General Health
	CSO
	110
	Fractional PVS volume
	-0.118
	0.154
	-0.762
	101
	0.224
	Score
	0.068
	0.151
	0.449
	101
	0.673
	Opposite direction

	SF-36 General Health
	CSO
	110
	Fractional PVS count
	-0.122
	0.154
	-0.792
	101
	0.215
	Count
	0.006
	0.153
	0.038
	101
	0.515
	Opposite direction

	SF-36 General Health
	BG
	110
	Fractional PVS volume
	0.113
	0.151
	0.747
	101
	0.772
	Score
	0.285
	0.154
	1.850
	101
	0.966
	Same direction

	SF-36 General Health
	BG
	110
	Fractional PVS count
	-0.105
	0.150
	-0.698
	101
	0.244
	Count
	0.248
	0.152
	1.633
	101
	0.947
	Opposite direction
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