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Ø Can bodily signals inform the classification of low-arousal 
non-communicative states?

• Cardiac responses to hierarchical auditory deviants vary across
disorders of consciousness and inform their classification of 
above and beyond cerebral markers (Raimondo et al., 2017)

• Brain responses to violations of hierarchical auditory expectations 
vary across wakefulness and sleep (Strauss et al, 2015)

Ø We hypothetize that cardiac responses to hierarchical auditory
expectations vary across wakefulness and sleep and inform the 
classification of arousal states

Methods

ResultsIntroduction

Ø Behavioral and physiological evidence of response 
adaptation: 

• Vertigo decreases over repetitions (trend-test, p<0.001)
• Nystagmus number decreases over time and repetitions 

(trend-tests, p<0.001)
• Nystagmus number partially explains vertigo (model 

comparison, p=0.003)

Discussion
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Ø Auditory deviants during sleep (Strauss et al., 2015; Strauss et al., 2022)  
• Local-global paradigm with M/EEG, EOG and ECG recordings
• Morning nap paradigm following light sleep restriction
• N=22 in wakefulness, 16 in N2, 9 in REM, 14 in HORI 1-4, 8 in HORI 5-8

Ø Cardiac responses to auditory deviants (Raimondo et al., 2017)
• R-peak extraction using Systole toolbox (Legrand and Allen, 2022)
• PRE and POST intervals around the onset of the 5th sound
• R-peak between 20 and 600 ms around the onset of the 5th sound

ØClassification using cerebral & cardiac activity (Raimondo et al., 2017)
• EKGveg: heart rate and standard deviation of heart rate
• EKGcog : cardiac responses (pre and post) to local deviants
• EEG : 97 markers comprising connectivity, complexity and spectral measures

Ø Cardiac acceleration after local deviants during sleep

Ø Cardiac acceleration after local deviants in late sleep onset

Ø Evoked cardiac activity informs above and below cerebral activity

Ø Classification of arousal and HORI states based on cardiac activity
• Slowing down of continuous cardiac activity from wakefulness to sleep
• Cardiac acceleration to local deviants in late sleep onset and light NREM sleep
• Cardiac responses boosts the classification of arousal beyond cerebral activity alone

Ø Hierarchical responses to auditory expectations
• Cardiac acceleration to local deviants extend cerebral findings (see Strauss et al., 2015)
• Unconclusive evidence in REM sleep due to a lower number of subjects
• No evidence for cardiac responses to global deviants (but see Raimondo et al., 2017)
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