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            Abstract
Hippocampal ripples, episodic high-frequency field-potential oscillations primarily occurring during sleep and calmness, have been described in mice, rats, rabbits, monkeys and humans, and so far they have been associated with retention of previously acquired awake experience. Although hippocampal ripples have been studied in detail using neurophysiological methods, the global effects of ripples on the entire brain remain elusive, primarily owing to a lack of methodologies permitting concurrent hippocampal recordings and whole-brain activity mapping. By combining electrophysiological recordings in hippocampus with ripple-triggered functional magnetic resonance imaging, here we show that most of the cerebral cortex is selectively activated during the ripples, whereas most diencephalic, midbrain and brainstem regions are strongly and consistently inhibited. Analysis of regional temporal response patterns indicates that thalamic activity suppression precedes the hippocampal population burst, which itself is temporally bounded by massive activations of association and primary cortical areas. These findings suggest that during off-line memory consolidation, synergistic thalamocortical activity may be orchestrating a privileged interaction state between hippocampus and cortex by silencing the output of subcortical centres involved in sensory processing or potentially mediating procedural learning. Such a mechanism would cause minimal interference, enabling consolidation of hippocampus-dependent memory.
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                    Figure 1: 
                        Sharp wave–ripple complexes.
                      


Figure 2: 
                        Examples of ripple-triggered BOLD maps in anaesthetized and awake monkeys.
                      


Figure 3: 
                        Average ripple-triggered maps, signal dynamics and activation fractions.
                      


Figure 4: 
                        Gamma-triggered population BOLD responses.
                      


Figure 5: 
                        BOLD response dynamics.
                      


Figure 6: 
                        Resting-state fMRI.
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        Editorial Summary
Memory consolidation in the hippocampus
Oscillatory ripples of activity in the hippocampus have been linked to the 'replay' of earlier experiences and are thought to be associated with learning and memory consolidation. Little is known about how these ripples affect the rest of the brain, but this study suggests that during offline memory consolidation, midbrain inhibition may provide a privileged state of communication between the hippocampus and the cortex to optimize information transfer. Nikos Logothetis et al. recorded ripple events in the hippocampus while simultaneously recording whole-brain activity using functional magnetic resonance imaging in monkeys, and found that most of the cortex was active, whereas the midbrain and brainstem were inhibited.
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