Reduced Cortical Cerebral Blood Flow in First Episode Psychosis Patients. Selvaggi, Jauhar et al. Supplementary Material


1. Arterial Spin Labelling sequence details

Measurement of regional Cerebral Blood Flow (CBF) was carried out using a 3D pseudo-continuous Arterial Spin Labeling (3D-pCASL) sequence. Labelling of arterial blood was achieved with a 1500ms train of Hanning shaped RF pulses in the presence of a net magnetic field gradient along the flow direction (the z-axis of the magnet).  After a post-labelling delay of 1525ms, a whole brain volume was read using a 3D inter-leaved “stack-of-spirals” Fast Spin Echo readout (Thedens et al, Magn Reson Med 1997), consisting of 8 interleaved spiral arms in the in-plane direction, with 512 points per spiral interleave.  TE/TR=11ms/4968 ms.  60 slice-partitions of 3mm thickness were defined in the 3D readout. The in-plane FOV was 240×240 mm.  The spiral sampling of k-space was re-gridded to a rectangular matrix with an approximate in-plane resolution of 3.6mm. 

 The sequence uses four background suppression pulses to minimise static tissue signal at the time of image acquisition. The combination of flow=driven adiabatic inversion of the pCASL pulse, plus background suppression, yields a substantial increase in the signal-to-noise (SNR) ratio of ASL, of up to 50% (Wu, Fernández-Seara, Detre, Wehrli, & Wang, 2007).  Therefore, only four pairs of control-labelled images are required to produce reliable perfusion induced signal differences.  This ASL acquisition protocol is similar to the one used in the seminal 3D pCASL article (Dai, Garcia, de Bazelaire, & Alsop, 2008) and to those which have been successfully used in other investigations (Pfefferbaum et al., 2010). The mean perfusion weighted difference image was derived from the average of the difference of the four Control-Label pairs.  Computation of voxel-wise CBF was achieved by dividing this mean difference image by a proton density image acquired at the end of the sequence, using identical readout parameters.  This computation was done according to the formula suggested in the recent ASL consensus article (Alsop et al., 2015). The entire acquisition time of the 3D-pCASL sequence was 6:08min

2. Sensitivity analysis after controlling for age and gender effects
Even though groups were matched by aged and gender, to further control for age and gender effects we performed two separate sensitivity analysis by adding ‘age’ and ‘gender’ as covariate of no interest in the model. 

ANOVA on whole grey matter CBF with ‘group’ as between subject factor and ‘gender’ as covariate of no interest revealed a significant main effect of ‘group’ (p= 0.008), a significant main effect of ‘gender’ (p= 0.042), but a non-significant ‘group’ by ‘gender’ interaction (p= 0.97).

Repeated measure ANOVA with ‘ROI’ as within subject factor, ‘group’ as between-subject factor and ‘gender’ as covariate of no interest revealed a significant ‘ROI’ by ‘group’ interaction (p= 0.017 Greenhouse-Geisser corrected), and non-significant ‘ROI’ by ‘gender’  and ‘ROI’ by ‘gender’ by ‘group’ interactions (p = 0.243 and p= 0.142 respectively, Greenhouse-Geisser corrected). 

ANOVA on whole grey matter CBF with ‘group’ as between subject factor and ‘age’ as covariate of no interest revealed a significant main effect of ‘group’ (p= 0.012) and a non-significant main effect of ‘age’ (p= 0.14).

Repeated measure ANOVA with ‘ROI’ as within subject factor, ‘group’ as between-subject factor and ‘age’ as covariate of no interest revealed a significant ‘ROI’ by ‘group’ interaction (p= 0.04 Greenhouse-Geisser corrected), a non-significant ‘ROI’ by ‘age’ interactions (p = 0.97 and p= 0.142 respectively, Greenhouse-Geisser corrected). 

Taken together these results indicate that even after controlling for both age and gender ROIs analysis results are retained.
3. Baseline Study: whole brain voxel-wise correlations with PANSS subscales. 

Even though the test of association between baseline CBF and clinical symptoms was outside the scope of this manuscript we have also tested this associations in line with previous reports (Kindler et al., 2018). In particular, multiple regression models were implemented in SPM with baseline total PANSS, baseline positive PANSS, baseline negative PANSS as predictors against baseline voxel-wise absolute CBF. In all models, both contrasts (i.e., positive and negative associations) did not revealed significant FWE-corrected clusters. 
4. Follow-up Study: correlations with PANSS subscales

In the Follow-up study we have also tested the association between CBF (both absolute and relative-to-global) with PANSS positive and negative subscales changes. Percentage changes in PANSS positive and negative were calculated, adjusting for minimum scores (% change in positive/negative PANSS = [((baseline score – 7) – (follow-up score – 30))/ (baseline score – 30)] * 100) (Leucht et al., 2005). We found that % positive PANSS change was not associated with absolute CBF (all p > 0.323) and relative-to-global CBF (all p > 0.093) in all ROIs (i.e. grey matter, frontal cortex, striatum, hippocampus). We found that % negative PANSS change was not associated with absolute CBF (all p > 0.857) and relative-to-global CBF (all p > 0.515) in all ROIs (i.e. grey matter, frontal cortex, striatum, hippocampus).
5. Bayesian hypothesis testing 
In light of the limited sample size of our study we paralleled standard hypothesis testing method (p value approach) with have Bayesian hypothesis testing in order to verify that non-significant results support evidence of absence of effects or absence of evidence (Keysers, Gazzola, & Wagenmakers, 2020). All analyses were performed in JASP (version 0.14.1, https://jasp-stats.org). In particular, to assess evidence of an interaction between absolute CBF in ROIs and groups we performed a Bayesian Repeated Measure ANOVA with ‘ROI’ as repeated measure and ‘group’ as between subjects factor. The comparison was performed against the null model and BF10 was selected as output measure. 
Bayesian Repeated Measure ANOVA provided evidence for an effect of group (BFincl= 4.385) and a ‘group’ by ‘ROI’ interaction (BFincl= 5.707). Figure S1 shows posterior distribution plots for both effects. This analysis further provides evidence of an interaction between ‘ROI’ and ‘group’ in absolute CBF. 
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Figure S1. Posterior distribution plots for main effect of group (A) and ‘ROI’ by ‘group’ interaction (B). 

Furthermore, given the evidence of an ‘ROI’ by ‘group’ interaction and a significant difference between FEP and HC in the frontal cortex, but not in the striatum and hippocampus, we also performed Bayesian Independent Sample T-Test for each ROI. Results are reported using the one-tailed Bayes Factor BF10 (FEP < HC). Effect size estimates are reported as median posterior probability with 95% credibility interval. Bayes factor robustness check was also performed. Results revealed a moderate to strong evidence of reduction of absolute CBF in the frontal cortex (BF-0= 10.93, median posterior probability= -0.716, 95%CI= [-1.344, -0.158]), whereas our data suggest inconclusive evidence for a reduction in the hippocampus and striatum (BF-0= 10.93, median posterior probability= -0.716, 95%CI= [-1.344, -0.158]). Overall, our results suggest that while there is moderate to strong evidence in favour of reduced absolute CBF in FEP as compared with HC in the frontal cortex. Instead, even though our data tend to the null hypothesis in both hippocampus and striatum H0 and H1 are equally likely in our sample. However, results from sequential analysis show that increasing sample size would increase evidence for reduced absolute CBF in the frontal cortex in FEP as compared with HC, but not in the hippocampus and striatum. Figure S2 summarizes results of these analyses. 
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Figure S2. Results of the Bayes independent sample t-test in the frontal cortex (A), hippocampus (B), and striatum (C). The first column shows plots of priors and posteriors of each t-test together with median and CI of the effect size. The second column shows absolute CBF in each ROI as a function of effect size priors. The third column shows results of the Sequential Analysis that returns accumulation of evidence with increasing sample size. 
6. Partial volume effects analysis. 

Even though we did not found differences between FEP and HC in whole grey matter volumes and no significant differences in VBM voxel-wise analysis, we performed additional analyses to further control for partial volume effects. In particular we performed:  i) ANOVA with grey matter absolute CBF as dependent variable, ‘group’ (i.e. FEP, HC) ad between subject variable and whole grey matter volume as covariate of no interest; ii) Pearson correlations between grey matter volume estimates and absolute CBF extracted from pre-defined ROIs. 

ANOVA on grey matter absolute CBF revealed a significant effect of ‘group’ (F= 7.67, p= 0.008) and non-significant effect of grey matter volume (F= 0.14, p= 0.9)

No significant correlations were found between grey matter volume estimates and absolute CBF in the whole grey matter (r= 0.13, p= 0.39), frontal cortex (r= 0.16, p= 0.29), striatum (r= 0.004, p= 0.98) and hippocampus (r=0.05, p= 0.74). 

7. Sub-groups comparison
We sub-divided the patient group into antipsychotic-free and antipsychotic-naïve sub-groups and compared them to controls (see Figure S3). ANOVA of grey matter CBF revealed a significant effect of ‘group’ (F= 4.258, p= 0.021). Tukey HSD post hoc pairwise comparison revealed a significant difference between HC and antipsychotic-free (p= 0.049) and a trend towards significant difference between HC and antipsychotic-naïve (p= 0.069). No statistical difference was wound between antipsychotic-free and -naïve patients (p= 0.997). Repeated measure ANOVA revealed no statistically significant ‘ROI’ by ‘GROUP’ interaction (F= 2.2, p= 0.09, after Greenhouse-Geisser correction).”

[image: image2.png]Mean Absolute CBF ml/100 mg/min

35

30

25

il

Whole Grey Matter  Frontal Cortex

Hippocampus

Striatum

mHC
ntipsycotic-naive
M antipsycotic-free





Figure S3. Absolute CBF differences between healthy controls (HC), antipsychotic-naïve and antipsychotic-free patients. Bars indicate 95% confidence intervals.

8. Follow-up Study: correlation after excluding minimally treated patients. 

Given the known effect of antipsychotics on CBF we have also performed a sensitivity analysis in the follow up sample in order to test the association between relative-to-global CBF in the frontal cortex with PANSS total change after removing patients minimally treated at baseline (N= 3). The analysis revealed an effect in the same direction as the main analysis with a trend towards significance (r= 0.46, pone-tailed= 0.07). The results of this sub-analysis along with the fact that the subjects removed in this sub-analysis were receiving antipsychotic treatment at minimal effective dose (e.g. Amisulpiride 100mg/day) for less than two weeks before the baseline scan suggest that it is unlikely that the inclusion of minimally treated patients in the follow up sample could have biased the result of this analysis. 

Table S1. Detailed description of antipsychotic treatment received by each participant in the Follow-up study at follow-up visit. CPZ= chlorpromazine equivalents (Andreasen et al. 2013).  

	
	Antipsychotic
	Daily dose (mg)
	CPZ dose/years at follow-up

	Patient 1
	Amisulpiride
	400
	0.36

	Patient 2
	Olanzapine
	5
	2.2

	Patient 3 
	Olanzapine
	5
	0.12

	Patient 4 
	Aripiprazole
	10
	0.99

	Patient 5 
	Olanzapine

Aripiprazole
	10

10
	0.85

	Patient 6 
	Quetiapine
	400
	0.31

	Patient 7 
	Flupentixol
	2
	1.00

	Patient 8 
	Risperidone
	3
	1.21

	Patient 9 
	Aripiprazole

Amisulpride
	7.5

300
	0.40

	Patient 10 
	Amisulpride
	200
	0.29

	Patient 11 
	Amisulpride
	100
	0.73

	Patient 12 
	Risperidone
	7.5
	0.80

	Patient 13 
	Lurasidone
	37.5
	0.16

	Patient 14 
	Quetiapine
	300
	0.38
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Figure S4. Spaghetti plot showing changes in PANSS total score from baseline to follow-up visits
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Figure S5. Average absolute CBF maps in healthy controls (top row) and FEP (bottom row). Colour bar indicates average absolute CBF (0.1 ml/100mg/min)
Table S2. Summary results of ROI analysis

	
	Grey matter
	Frontal cortex
	Hippocampus
	Striatum

	
	HC
	FEP
	ALL
	HC
	FEP
	ALL
	HC
	FEP
	ALL
	HC
	FEP
	ALL

	Absolute CBF (mean ± SD)
	323.35 ± 43.75
	276.42 ± 59.57
	300.43 ± 56.66
	311.10 ± 63.62
	257.58 ± 63.57
	284.96 ± 68.41
	335.92 ± 47.04
	311.57 ± 55.79
	324.03 ± 52.34
	326.41 ± 48.96
	305.29 ± 49.99
	316.10 ± 50.02

	Relative-to-global CBF (mean ± SD)
	-
	-
	-
	2.21 ± 33.6
	-0.95 ± 26.67
	0.66 ± 29.96
	-8.02 ± 30.09
	6.35 ± 23.05
	-1.0 ± 27.54
	-10.44 ± 29.61
	5.8 ± 22.32
	-2.47 ± 27.27


References

Alsop, D. C., Detre, J. A., Golay, X., Günther, M., Hendrikse, J., Hernandez-Garcia, L., … Zaharchuk, G. (2015). Recommended implementation of arterial spin-labeled perfusion MRI for clinical applications: A consensus of the ISMRM perfusion study group and the European consortium for ASL in dementia. Magnetic Resonance in Medicine, 73(1), 102–116. doi:10.1002/mrm.25197

Dai, W., Garcia, D., de Bazelaire, C., & Alsop, D. C. (2008). Continuous flow-driven inversion for arterial spin labeling using pulsed radio frequency and gradient fields. Magnetic Resonance in Medicine, 60(6), 1488–1497. doi:10.1002/mrm.21790

Keysers, C., Gazzola, V., & Wagenmakers, E.-J. (2020). Using Bayes factor hypothesis testing in neuroscience to establish evidence of absence. Nature Neuroscience, 23(7), 788–799. doi:10.1038/s41593-020-0660-4

Kindler, J., Schultze-Lutter, F., Hauf, M., Dierks, T., Federspiel, A., Walther, S., … Hubl, D. (2018). Increased striatal and reduced prefrontal cerebral blood flow in clinical high risk for psychosis. Schizophrenia Bulletin, 44(1), 182–192. doi:10.1093/schbul/sbx070

Leucht, S., Kane, J. M., Kissling, W., Hamann, J., Etschel, E., & Engel, R. R. (2005). What does the PANSS mean? Schizophrenia Research, 79(2–3), 231–238. doi:10.1016/j.schres.2005.04.008

Pfefferbaum, A., Chanraud, S., Pitel, A.-L., Shankaranarayanan, A., Alsop, D. C., Rohlfing, T., & Sullivan, E. V. (2010). Volumetric cerebral perfusion imaging in healthy adults: regional distribution, laterality, and repeatability of pulsed continuous arterial spin labeling (PCASL). Psychiatry Research, 182(3), 266–273. doi:10.1016/j.pscychresns.2010.02.010

Wu, W.-C., Fernández-Seara, M., Detre, J. A., Wehrli, F. W., & Wang, J. (2007). A theoretical and experimental investigation of the tagging efficiency of pseudocontinuous arterial spin labeling. Magnetic Resonance in Medicine, 58(5), 1020–1027. doi:10.1002/mrm.21403



