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Introduction: How general anesthetics remove consciousness is not fully understood. Altered functional connectivity by anesthetics has been 
evidenced in a range of specific brain networks such as the thalamocortical1, default and executive networks2,3. Current theoretical approaches and 
empirical data highlight the effects of anesthetics on integrated information as the defining property of human consciousness4,5. In previous studies6,7, 
we obtained supporting imaging evidence that information and integration, which constitute human consciousness, are presumably instantiated by the 
specific and nonspecific divisions of the thalamocortical system, respectively. As implicated by the hypothesis that general anesthetics may have a 
preferential effect on integrative information processing in the brain, e.g., “information received by not perceived”4, we evidenced that, in accordance 
with the theoretical implication, the specific thalamic system persists during propofol sedation; whereas the nonspecific system is suppressed and, 
after anesthesia, it recovers, accompanying the loss and regain of cognition and memory (Fig 1A). Here we address the question whether the loss of 
consciousness in deep sedation is more related to a direct action of the propofol on corticocortical functional connections or a disruption of 
thalamocortical interactions. We previously found that high-order cortical processing network for verbal comprehension and memory is still 
preserved under deep propofol sedation8. We now hypothesize that the loss of consciousness in propofol anesthesia is more directly related to an 
interruption of nonspecific thalamocortical functional connections than that of corticocortical functional connections. 
Methods: Eight healthy volunteers performed verbal memory task as the best they can under wakefulness, propofol-induced mild sedation (not 
reported in this analysis), deep sedation, and recovery during fMRI at 1.5T. The specific and nonspecific thalamocortical functional connections were 
computed using seed regions manually defined within the corresponding thalamic nuclei8. Across the whole brain, 300 network nodes are defined by 
combining the 116-ROI anatomic parcellation of fMRI images in the Talairach space (provided in the AFNI software package) with a hierarchical 
clustering algorithm that takes consideration of functional features of BOLD time series in each anatomical structure. Functional connectivity among 
network nodes that are included in the nonspecific thalamic connections are evaluated and compared with the nonspecific thalamic connections. 
Results and Conclusions: Propofol significantly reduced the nonspecific functional connectivity by 79% in voxel count during deep sedation. 
Dramatic increase of functional connectivity demonstrated in recovery (Fig. 1A). These observations are likewise reflected by the number of network 
nodes involved in the nonspecific thalamic connections under wakefulness, deep sedation, and recovery, respectively (pink squares in Fig. 1B). 
Although the nonspecific functional connectivity was significantly diminished as the level of consciousness was reduced, functional connectivity 
between the cortical network nodes were not statistically altered during deep sedation and recovery (Fig. 1C, 1D). These preliminary findings suggest 
that propofol-induced reduction in the level of consciousness is reflected by changes of the nonspecific thalamocortical connectivity rather than by 
changes of the corticocortical connections. 

 
Figure 1. Nonspecific thalamocortical functional connectivity in wakefulness, deep sedation, and recovery, with seed definition in the right panel (A). Network nodes 
involved in nonspecific thalamic connectivity across states of consciousness for a representative subject (B). Cortical network nodes defined in wakefulness for each 
subject maintain relatively stable functional connectivity among them in wakefulness, deep sedation, and recovery (for the same representative subject) (C and D). 
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