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Introduction: Anesthesia is a state of consciousness that can be achieved by altering the level of arousal and/or awareness using
anesthetic agents (1,3,4). The systems-level mechanisms of anesthesia are largely unknown due to the complex nature of anesthetic
action on neural and vascular substrates (2) as well as the highly variable nature of experimental design (3,4). One variable that
deviates among studies is the depth of the anesthesia (3,4). In the present study, we demonstrate that resting-state functional magnetic
resonance imaging (rsfMRI) coupled with behavioral measures of anesthetic depth in rats can be used to investigate mechanisms of
anesthesia-induced unconsciousness.

Method: Animals were first acclimated to the scanner environment for 7 days to minimize stress and motion during imaging at the
awake state. rsfMRI data of 12 male Long-Evans rats were obtained on a 7T scanner interfaced with an Agilent console during six
doses of isoflurane anesthetic: 0% (i.e. awake state), 0.5%, 1.0%, 1.5%, 2.0%, and 3.0% (1-
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doses of isoflurane (above) & associated p- correct its position within the first minute, it was deemed completely unconscious. For
value table (below). each rat, three measurements at each dose were obtained and averaged. LORR data was
averaged across all rats per dose (shown in Fig. 4).
Results: The distributions of connectivity strength between all 68 ROls at different isoflurane levels is shown in Fig. 1. In the awake
states (0 and 0.5% isoflurane), the distribution shows decreased relative frequency and increased variance compared to our deepest
anesthetic doses (1.5 and 3.0% isoflurane), which exhibits significantly lower variability. When plotted, we see that the standard
deviation of the correlation decreases as isoflurane dose increases (Fig. 2). This trend in variance is present in some ROls and not
others (Fig. 3). Most importantly, the behavioral data from the LORR procedure (Fig. 4) demonstrates the behavioral effects of
isoflurane and is highly correlated with the standard deviation of the correlation (Fig. 5, r=-0.900, p=0.014).
Conclusion and discussion: The main finding that standard deviation decreases as anesthetic depth increases suggests that brain
activity becomes more “normalized” in the unconscious state. Previous literature has suggested that there are fewer unique patterns of
brain activity during anesthesia-induced unconsciousness (4). We speculate that the decreased variability seen during higher doses of
isoflurane may reflect a decrease in the repertoire of brain states that are available to rats during unconsciousness. This research
provides novel insight into the relationship between rsfMRI data and behavioral measures. Further analyses of ROI-specific
sensitivities to isoflurane may provide more insight into the mechanisms of anesthesia-induced unconsciousness.
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