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Introduction 

Severe internal carotid artery (ICA) stenosis declines brain cognitive function, probably because of cerebral hypoperfusion (1). However, the mechanisms of brain function 

decline remain largely unknown, due to the requirement of task engagements. To understand the baseline alterations during rest, resting-state (RS) fMRI provides a useful 

technique to assess spontaneous low-frequency fluctuations in the BOLD signal (2). Graph theory contributes a method to analysis global network of brain (3). We compared 

the indicative brain network parameters between ICA stenotic patients and normal subjects across two hemispheres. Moreover, we also inspected the correlations between 

network parameters and neuropsychological tests. 

Methods 

The study included 27 patients which diagnosed with unilateral ICA stenosis (age: 65.4±9.4, 23 males and 4 females), 20 age-and-sex-matched healthy subjects (age: 63.7±5.4, 

14 males and 6 females) were recruited as normal controls. Both patients and normal subjects underwent six executing neuropsychological assessments consist of 1) the 

Raven’s Standard Progressive Matrices (SPM); 2) the Chinese Graded Word Reading Test (CGWRT); 3) the California Verbal Learning Test-II (CVLT-II); 4) the Purdue 

Pegboard Test (PPT); 5) the Benton 3-Dimensional Construction Praxis Test (B3D); and 6) the Category Fluency Test (CFT) and Design Fluency Test (DFS). All subjects 

were scanned in a 1.5T Philips Intera MRI scanner. RS functional images were acquired by a T2*-weighted single-shot gradient-echo echo-planar imaging sequence 

(TR/TE/FA=2000ms/50ms/90°, in-plane matrix=64×64, slice thickness = 5mm). 20 axial slices per volume and total 150 volumes were collected for each subject. During 

scanning, subjects were instructed to keep their eyes closed, not to fall asleep, and think nothing in particular. RS-fMRI data processing, including slice timing correction, 

head motion correction, and spatial normalization to the MNI template, was implemented by SPM8 (http://www.fil.ion.ucl.ac.uk/spm/). Then the data were de-trended linearly, 

band-pass filtered with 0.04-0.08 Hz, and regressed from the white matter, CSF average signals and motion parameters using REST (http://resting-fmri.sourceforge.net). To 

construct the brain functional networks, the brain images were parcellated by 90 AAL ROIs. The time series of each region were exacted by averaging signal intensities 

within that ROI. A 90×90 correlation matrix was generated by calculating the Person correlation coefficient (r) between each pair of the 90 ROIs. The undirected edges 

represented if r values excess a threshold. Nine network parameters were estimated by applying graph theory under BCT toolbox (https://sites.google.com/site/bctnet/), which 

included node-based parameters (degree, clustering coefficient, local efficiency, Betweenness centrality) and global parameters (characteristic path length, global efficiency, 

modularity, small-worldness, and assortativity coefficient) (4). A paired t-test was performed to access the parameters across two hemispheres. The Pearson correlation 

coefficient was applied to access the correlation between network parameters and neuropsychological tests. 

Significant level was set at p<0.05. 

Results 

Figure 1 indicates the group difference between patients and normal subjects. After flipped the correlation 

matrices of right side stenotic patients to the left side, an average and a threshold were performed across 

patients. For fixed threshold 0.36, patient group exhibited lower density of 0.2 while normal subject group had 

higher density of 0.31. As for the four node-based network parameters, there was no difference between both 

sides in the normal subjects. Yet Fig. 2a demonstrates that patients have significant lower degree in ipsilateral 

compared to contralateral side in all three density levels. When global parameters were analyzed separately 

across two hemispheres, no difference showed between left and right side in the normal subjects. However, Fig. 

2b presents that the global efficiency of ipsilateral side revealed significantly lower in patients at density level 

of 0.2. When age was considered, partial correlations were estimated between the nine network parameters and 

neuropsychological tests. Figure 3 shows that CGWRT and CVLT-Total were positively correlated with global 

efficiency and negatively correlated with modularity. 

Conclusion 

High-grade ICA stenotic patients have high chance accompanying with implicit brain impairments, which 

might affect cognitive behaviors in patients. In contrast to the normal subjects, network parameters in unilateral 

stenotic patients showed significant differences across two hemispheres. Moreover, the indicative brain 

network parameters were strongly correlated with neuropsychological tests while normal subjects were not. 

These results implied that the patients with more deteriorated brain connectivity consistent with declined 

cognitive functions. 
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