
1 

 

 

Supplementary Material 

Supplementary materials and methods  

Digital subtraction angiography (DSA) grading score 

VK determined vascular narrowing using a qualitative grading score (no vascular narrowing = 

1, vascular narrowing by 11 - 33% = 2, vascular narrowing by 34 - 66% = 3, vascular narrowing 

> 67% = 4) for all DSAs performed between Days 5 and 17 [median Day 7 (IQR: 7 - 8)] as 

suggested previously.1 In the present paper, only the ipsilateral version of the score was used2 

which included the first and second segments of middle cerebral artery (MCA), anterior 

cerebral artery (ACA) and posterior cerebral artery (PCA) and the distal part of the internal 

carotid artery (ICA) ipsilateral to the recording strip (n = 106). From these assessments, the 

ipsilateral DSA score was calculated (total score achieved divided by the number of vessel 

segments assessed). 

In 66 patients, both an initial DSA on median Day 0 [interquartile range (IQR): 0-0] and a 

follow-up DSA on median Day 8 [IQR: 7-9] were available, so that a quantitative analysis of 

the angiographic vasospasm was possible to check the validity of the qualitative analysis against 

the quantitative analysis. As proposed previously,1 for the purpose of the quantitative analysis, 

the absolute values of the diameters of the M1 segment of both MCAs, the A1 segment of both 

ACAs, the P1 segment of both PCAs, the distal parts of both ICAs, the basilar artery (BA) and 

both intradural vertebral arteries (VA, V4 segment) were measured in both DSAs. For each 

vessel segment, ratios in percent were calculated from its absolute value in relation to either the 

absolute value of the petrous segment of the ICA or the extradural vertebral artery (V3 

segment). The V3 segment with the largest diameter was used as a reference for the BA. 

Subsequently, relative changes of the diameter ratios from the initial DSA to the follow-up DSA 

were calculated in percent. In addition to this quantitative analysis, another qualitative analysis 

was performed for the 66 patients according to the same scheme as above, identifying no, mild, 

moderate or severe vasospasm, but considering the same vascular segments as in the 

quantitative analysis (i.e. both M1, A1, P1, ICA and V4 segments as well as the BA). An 

important difference between the qualitative and quantitative score was that the quantitative 

score involved a punctual measurement at the narrowest point of the respective vessel segment, 
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whereas the qualitative score assessed the overall impression of the respective vessel segment. 

We found that both bilateral quantitative and bilateral qualitative DSA score were significantly 

correlated with each other (Spearman correlation coefficient: 0.51, P < 0.001, n = 66) 

(Supplementary Figure 1A). However, we also correlated each of the two scores with the 

previously determined volume of bilateral supra- and infratentorial delayed ischaemic 

infarction2 and found that the delayed infarct volume only correlated with the qualitative 

grading score (Spearman correlation coefficient: 0.40, P < 0.001, n = 66) but not with the 

quantitative grading score (Spearman correlation coefficient: 0.04, P = 0.749, n = 66) 

(Supplementary Figure 1B). Thus, while the statistical association between the qualitative 

DSA score and the volume of delayed infarcts could also be confirmed in this analysis of total 

delayed damage, the quantitative DSA score had no predictive value for the volume of delayed 

infarcts in this analysis. 
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Supplementary figure 1 Quantitative versus qualitative digital subtraction angiography 

(DSA) score. (A) In 66 patients, both an initial DSA on median Day 0 [interquartile range 

(IQR): 0-0] and a follow-up DSA on median Day 8 [IQR: 7-9] were available, so that a 

quantitative analysis of the angiographic vasospasm was possible to check the validity of the 

qualitative analysis against the quantitative analysis. For these analyses, both the quantitative 

score and the qualitative score were based on the M1 segment of both middle cerebral arteries 

(MCA), the A1 segment of both anterior cerebral arteries (ACA), the P1 segment of both 

posterior cerebral arteries (PCA), the distal parts of both internal carotid arteries (ICA), the 

basilar artery (BA) and both intradural vertebral arteries (VA, V4 segment). (A) Correlation 

between quantitative and qualitative score. (B) For the comparison of the quantitative and 

qualitative DSA score with the volume of delayed infarcts, the total volume of delayed infarcts 

in both the ipsilateral and contralateral cerebral hemispheres and in the infratentorial brain 

including brainstem and cerebellum was considered. All delayed infarct volumes have 

previously been calculated by VH in connection with the DISCHARGE-1 study.2 VK 

previously determined both the quantitative and qualitative DSA score blinded to the 

neuroimaging results and other variables in connection with the DISCHARGE-1 study.2 In 

contrast to the qualitative DSA score, the quantitative DSA score did not correlate with the total 

delayed infarct volume. This could be due to the fact that, in contrast to the qualitative score, the 

length of spastic segments was not taken into account in the quantitative score. 
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Supplementary Table 1 Spearman correlations between potential mediators 

Statistical Analysis Variable Spearman 

coefficient 

P value Number of 

patients 

Association analysis 

with PTDDDdelayed 

DSAA1 0.05 0.645 103 

DSAA2 0.00 0.986 104 

DSAM1 0.14 0.169 105 

DSAM2 0.06 0.538 105 

DSAP1 0.02 0.859 91 

DSAP2 -0.02 0.832 90 

mbfvACA 0.12 0.222 112 

mbfvMCA 0.08 0.360 128 

mbfvPCA 0.25 0.012 98 

Association analysis 

with peakSD-delayed 

DSAA1 0.05 0.633 103 

DSAA2 0.00 0.988 104 

DSAM1 0.10 0.326 105 

DSAM2 0.03 0.788 105 

DSAP1 0.05 0.656 91 

DSAP2 0.01 0.942 90 

mbfvACA 0.21 0.027 112 

mbfvMCA 0.11 0.232 128 

mbfvPCA 0.27 0.007 98 

Association analysis 

with peakisoSD-delayed 

DSAA1 -0.04 0.696 103 

DSAA2 -0.06 0.520 104 

DSAM1 0.09 0.358 105 

DSAM2 0.00 0.995 105 

DSAP1 0.03 0.794 91 

DSAP2 -0.06 0.606 90 

mbfvACA 0.18 0.055 112 

mbfvMCA 0.09 0.319 128 

mbfvPCA 0.10 0.345 98 

Association analysis 

with peakclusSD-delayed 

DSAA1 0.05 0.650 103 

DSAA2 -0.04 0.692 104 

DSAM1 0.16 0.105 105 

DSAM2 0.00 0.998 105 

DSAP1 0.08 0.454 91 

DSAP2 -0.02 0.825 90 

mbfvACA 0.18 0.060 112 

mbfvMCA 0.12 0.163 128 

mbfvPCA 0.21 0.039 98 

Association analysis 

with mbfvACA 

DSAA1 0.14 0.206 84 

DSAA2 0.01 0.911 85 

DSAM1 0.28 0.011 86 

DSAM2 0.22 0.041 86 

DSAP1 0.16 0.160 77 

DSAP2 0.05 0.658 76 

Association analysis 

with mbfvMCA 

DSAA1 0.17 0.094 95 

DSAA2 0.10 0.355 96 

DSAM1 0.37 < 0.001 97 

DSAM2 0.25 0.014 97 

DSAP1 0.18 0.101 84 

DSAP2 0.20 0.064 83 

Association analysis 

with mbfvPCA 

DSAA1 0.02 0.886 83 

DSAA2 0.08 0.489 84 

DSAM1 0.19 0.090 85 

DSAM2 0.14 0.188 85 

DSAP1 0.15 0.194 75 

DSAP2 0.16 0.173 75 
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Legend Supplementary Table 1: All given data only refer to the hemisphere ipsilateral to the 

subdural electrodes. DSA = digital subtraction angiography [A1, A2, M1, M2, P1, P2 = first and 

second segments of anterior cerebral artery (ACA), middle cerebral artery (MCA) and posterior 

cerebral artery (PCA) ipsilateral to the subdural electrodes]; mbfvACA = transcranial Doppler-

sonography (TCD)-determined peak mean blood flow velocity of ACA; mbfvMCA = TCD-determined 

peak mean blood flow velocity of MCA; mbfvPCA = TCD-determined peak mean blood flow velocity 

of PCA; peakclusSD-delayed = peak number of clustered spreading depolarisations (SD) of a recording day 

during the delayed period between the early post-intervention neuroimage and the late neuroimage 

after completion of neuromonitoring (clustered SD = SD that occurred less than one hour apart from 

the previous SD); peakisoSD-delayed = peak number of isoelectric SDs of a recording day during the 

delayed period (isoelectric SD = SD in electrically inactive tissue); peakSD-delayed = peak number of SDs 

of any type of a recording day during the delayed period; PTDDDdelayed = peak value of a recording 

day for the total (cumulative) SD-induced depression durations during the delayed period. Strictly 

speaking, TCD measures the mbfvs in the A1 segment of the ACA, M1 segment of the MCA and P2 

segment of the PCA. 
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Supplementary Table 2 Summary of studies related to volumetric quantification of 

blood on the initial CT scan and delayed cerebral ischaemia (DCI) in patients with 

subarachnoid haemorrhage 

Author (Date) n DCI 

[%] 

Blood 

quantification 

Endpoint Main results 

Friedman et 

al. (2002)3 

40 70 Cisternal, 

intraventricular, 

intracerebral  

DND Median cisternal blood volume 

was 30.5ml in the severe DND 

group compared to 12.4ml in the 

moderate DND group and 

10.3ml in the non-DND group (P 

< 0.001). Intraventricular and 

intracerebral blood were not 

significant. 

Reilly et al. 

(2004)4 

75 35 Cisternal Symptomatic 

vasospasm 

Multivariate logistic regression: 

OR 1.08 (1.02-1.15, p = 0.011) 

per ml increase in cisternal blood 

volume  

Ko et al. 

(2011)5 

160 25 Cisternal plus 

intraventricular 

blood 

DCI Cisternal plus intraventricular 

haemorrhage were classified into 

quartiles. Compared to the 

lowest quartile, the adjusted OR 

increased in a dose-related 

manner for each quartile (2.6, 

4.5, 6.1, P for trend = 0.01). 

Zijlstra et al. 

(2016)6 

333 20 Total blood volume DCI Multivariate logistic regression: 

adjusted OR 1.02 (1.01-1.03) per 

ml increase in total blood 

volume. 

Van der Steen 

et al. (2018)7 

282 22 Cisternal, 

intraventricular, 

intracerebral, 

subdural 

DCI Multivariate logistic regression: 

adjusted OR 1.02 (1.01-1.04) per 

ml increase in cisternal blood 

volume. Intraventricular, 

intracerebral and subdural blood 

were not significant. 

Van der Steen 

et al. (2019)8 

369 31 Total blood volume DCI Only total blood volume was 

included in the final logistic 

regression model out of 10 

potential predictors.  R2 = 6%, c-

statistic = 0.64. 

Legend Supplementary Table 2: DCI = delayed cerebral ischaemia, DND = delayed neurological 

deficit, n = number of patients, OR = odds ratio.  


