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Modelling a hidden region in DCM for fMRI

In the paper under review, we used stochastic DCM for fMRI to estimate the effect of deep brain stimulation on extrinsic effective connectivity within the basal ganglia motor network. As discussed, classic implementations of DCM for fMRI require the user to extract summaries of the BOLD signal from a series of regions of interest, and an accompanying model structure, so that the hidden parameters governing the underlying dynamics can be estimated. Implanted hardware in our patients rendered it impossible to collect BOLD data from the vicinity of the subthalamic nucleus (STN), an important node in our network of interest. To solve this problem, we translated a simple method that has previously been used in electrophysiological DCMs (David et al., 2011; Marreiros et al., 2012; Moran et al., 2011) to DCM for fMRI and included the STN as a ‘hidden’ node in the graph, and only used the observed data collected from the remaining nodes to fit the models. In this appendix, we demonstrate that the resulting estimates provide qualitatively identical results, but quantitatively under-estimate the raw effect size. In other words, conclusions about the direction, standardised effect size, and cross-subject stability remain consistent, but these DCMs furnish lower raw values for the coupling.
We inverted two two-state, stochastic DCMs for fMRI per hemisphere per subject comprising three nodes; the motor cortex (M1), the putamen and the thalamus. Volumes of interest were defined as detailed in the main text (page 11 onwards). The two DCMs possessed identical endogenous connections (M1Putamen, PutamenThalamus, ThalamusM1, see Appendix Figure 1a) and DBS entered the model as modulatory inputs on all three extrinsic connections. The models differed with regard how the putamen was modelled; one used the observed putamen data, and one treated it as a hidden node with noise precision effectively zero. The DCMs were inverted and the posterior estimates for the extrinsic connections of the A- and B-matrices were extracted, and two multivariate one-sample Hotelling’s T-square tests were used to test that these parameters were different from 0. Post-hoc one-sample two-sided t-tests were then conducted on individual extrinsic coupling estimates. The posterior estimates were plotted to demonstrate qualitative and quantitative difference in the estimates (Appendix Figure 1b,c). It is important to note that all values estimated in two-state DCM are log-transformed, this is not the case in deterministic DCM for fMRI.
Estimates of endogenous coupling (A-matrix)
Across 24 hemispheres, regardless of the model used, all estimates of extrinsic endogenous coupling were significantly different from 0 (P<0.05). Post-hoc one-sample t-tests confirmed this was true across all estimates (P<0.05). The estimates were numerically larger when the real data was used to fit the model, as opposed to the hidden model. The greatest underestimation occurred at the afferent to the hidden node. That being said, the generalised effect sizes as measured with the T-statistic were just as large, indicative that although the mean was smaller, the cross-subject variability was also smaller. Furthermore, all values were larger than 0, conferring a coupling of >1Hz. 
Estimates of DBS-induced scaling (B-matrix)
Once more, across 24 hemispheres, all estimates were significantly different from 0 (P<0.05), and post-hoc one-sample t-tests confirmed this was true across all estimates (P<0.05). Importantly, because the direction of modulatory effect is of particular interest (i.e. does DBS make the connection stronger or weaker, regardless of whether it is excitatory or inhibitory), it is noteworthy that the direction of modulatory effect is entirely consistent when using the hidden model. In other words, regardless of model used, we conclude that DBS strengthens the extrinsic connections of this network.
Conclusions
DCMs including hidden nodes produce qualitatively similar posterior estimates to DCMs fitted with real data from that region; both the direction and cross-subject consistency are unchanged. The magnitudes of the estimates are affected, believed to be due to the loss of region-specific parameters that would have normally been estimated (e.g. haemodynamic parameters).
Figure caption
[bookmark: _GoBack]Comparison of DCM posterior estimates; ‘hidden’ putamen vs. real putamen data. (A) Posterior expectations of the log-transformed extrinsic coupling parameters (i.e. DCM.Ep.A matrix) across 24 hemispheres. Blue = hidden DCM, Red = real data DCM. Error bars represent standard error of the mean. All values were significantly different from 0, but the hidden DCM underestimates the parameters, particularly the afferent to the putamen. Although the magnitude of estimate was smaller, the narrower error bars suggest a similarly large standardised effect size. (B) Posterior expectations of the log-transformed scaling (i.e. DCM.Ep.B matrix) across 24 hemispheres. 
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