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Introduction: Stimulus-free fMRI allows to detect resting state functional brain networks which were shown to have a small-world architecture
(o) [1, 2]. This small world model is a reflection of a network with multiparallel system properties that processes information both locally and
globally while at the same time minimizing the energy and resource involved in certain network functions [3]. This small world model was
characterized by high clustering coefficient (Cp) and low average minimum path length. Small-world architecture has been shown to be altered
during aging, and following drug intervention [4, 5]. However, this has not been widely confirmed. In this study we investigate the effect of
midazolam, a hypnotic and sedative benzodiazepine leading to transient impairment of consciousness and memory, on the functional brain
network by using graph analysis.

Method: Resting state data from twelve healthy male volunteers undergoing midazolam challenge study were used. All subjects gave written
informed consent and the study was approved by the University of Nottingham Research Ethics Committee. Volunteers were scanned at baseline
and after i.v. midazolam (0.05mg/kg body weight) application outside the scanner. Sedation was scored using the Ramsay scale. Scanning was
done at 3T (Philips Achieva) using an 8-channel head coil and a standard EPI sequence with TR/TE = 2100/35 ms, 64x64 matrix, 35 axial slices
and voxel dimensions 3.25x3.25x3 mm. Resting state fMRI scans lasted 9 minutes. Image analysis was carried out by FSL4.0 software (FMRIB
Oxford, UK). Images were preprocessed using high and low pass filtering, spatial smoothing and motion correction in the FSL 4.0 environment.
After carrying out Melodic ICA component analysis, independent components were visually inspected for noise and selected noise components
were removed. Image registration was achieved by FLIRT function of FSL4.0 software. Regional parcellation using the anatomically labeled
template image validated previously by Tzourio-Mazoyer et al [6] . The derived time series were then further corrected for spurious correlations
using white matter and CSF time series as repressors of no interest. Individual correlation matrices consisting of 90 nodes (brain regions) were
created, and thresholded using a range of cut-off (0.2 to 0.5) values for calculating the graph theoretical attributes using R software packages [7].
The graph attributes for clustering coefficient, global and local efficiency were calculated using “SNA”, “igraph”, “Brainwaver” and
“waveslim”. A student T-Test comparison was used for each attributes before and after midazolam administration
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Figure 1: A significant increase in clustering coefficient
(p=0.01) was found after midazolam administration.
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that graph theory analysis can provide an insight in eXploring the Figure 2: A comparison of global and local efficiency box plot which show a
sedation and hypnotic effect in functional brain Connectivity significant increase for local efficiency attribute after midazolam administration

Pre Global Eff Post Global Eff Pre Local Eff Post Local Eff

(p<0.01).
Reference:
1. Bullmore, E. and O. Sporns, Complex brain networks: graph theoretical analysis of structural and functional systems. Nat Rev Neurosci, 2009. 10(3): p. 186-98.
2. Watts, D.J. and S.H. Strogatz, Collective dynamics of 'small-world' networks. Nature, 1998. 393(6684): p. 440-2.
3. Achard, S. and E. Bullmore, Efficiency and cost of economical brain functional networks. PLoS Comput Biol, 2007. 3(2): p. el7.
4. Honey, G.D., et al., Dopaminergic drug effects on physiological connectivity in a human cortico-striato-thalamic system. Brain, 2003. 126(Pt 8): p. 1767-81.
5. Sanz-Arigita, E.J., et al., Loss of 'small-world' networks in Alzheimer's disease: graph analysis of FMRI resting-state functional connectivity. PLoS One, 2010. 5(11): p.

e13788.

6. Tzourio-Mazoyer, N., et al., Automated anatomical labeling of activations in SPM using a macroscopic anatomical parcellation of the MNI MRI single-subject brain.
Neuroimage, 2002. 15(1): p. 273-89.
7. Achard, S., et al., A resilient, low-frequency, small-world human brain functional network with highly connected association cortical hubs. J Neurosci, 2006. 26(1): p. 63-72.

Proc. Intl. Soc. Mag. Reson. Med. 21 (2013) 3309.



