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Abstract 

Ketamine is a versatile N-methyl-D-aspartate (NMDA)-antagonist used in various clinical 

settings, such as for acute, perioperative, and chronic pain management, as analgesic 

and sedative in minor surgeries, as antidepressant, for premedication of children, as 

component of general anaesthesia, or in sedation and analgesia regimen in intensive 

care. Ketamine dose-dependently induces psychoactive effects: at low, anti-

hyperalgesic dose, these are only very minor or not detectable, but at sub-anaesthetic 

dose, they may include dissociative, psychotomimetic, and psychedelic events. At an 

anaesthetic dose, ketamine leads to a state of “(full) dissociation” or disconnection 

rather than unconsciousness, setting it apart from other anaesthetics. This unique set of 

characteristics makes ketamine a particularly interesting substance for studying 

awareness and consciousness in clinical settings. From this perspective, our chapter 

reviews ketamine's neurophysiological effects and neuroimaging data, its potential in 

consciousness research, and its relevance in studying brain disorders involving altered 

states of consciousness. We trace recent advancements in understanding ketamine's 

unique brain effects and report new investigations that have developed 

neurophysiological indexes for consciousness without behavioural output (e.g., 

disconnected consciousness) using ketamine-induced dissociative states along with 

other conditions as benchmarks. Specifically, we discuss the most recent tool, the 

Explainable Consciousness Indicator (ECI), which uses machine learning to assess the 

presence of awareness and wakefulness. Finally, we look at future investigations that 

may utilise ketamine as therapeutic approach to serious neurological conditions, such 

as disorders of consciousness. 
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1 Introduction  

Among the clinically established anaesthetics, ketamine has a special position because 

it offers analgesic and anaesthetic effects without cardiorespiratory depression. 

Ketamine maintains laryngopharyngeal protective reflexes. At present, indications for 

ketamine are permanently expanding, especially in the fields of psychiatry and drug-

assisted psychotherapy. Ketamine has recently been established as rapid 

antidepressant. However, ketamine is also well known for its psychoactive and medical 

unwanted actions (1–6).  All ketamine effects are strictly dose and context-dependent: At 

very small dose < 0.15 mg/kg, single ketamine use induces anti-hyperalgesic effects 

without (obvious) psychoactive response. At subanaesthetic analgesic and 

antidepressant dose of about 0.3 - 0.5 mg/kg racemic ketamine, it reduces vigilance, 

memory, and logical thinking. With increasing dose, it may cause altered perceptions, 

disorientation, dizziness, drowsiness, and various psychedelic, dissociative, and 

psychomimetic events with negative and positive quality. Some of these effects show 

hallucinogenic similarities to classic psychedelic drugs such as psilocybin and lysergic 

acid diethylamide (LSD) (7–9). With increasing dose, ketamine’s anaesthetic effects 

manifest in a dichotomous manner: It induces unresponsiveness at a typical threshold 

of approximately 1.0 to 2.0 mg/kg intravenous (IV) racemic ketamine (10). Plasma 

concentrations to maintain surgical anaesthesia range between 2 and 3 µg/mL (11). 

Because (S)-ketamine is about twice as potent as the world-wide used racemate, 

comparable effects are achieved with half-dose (S)-ketamine (1). Nonetheless, above 

this threshold, further increasing dosage does not appear to deepen sedation (12). At 

higher doses, ketamine imparts a trance-like cataleptic state of “sensory isolation” with 

profound analgesia and often amnesia. This unique property allows for a clear 
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delineation between a sub-anaesthetic and anaesthetic ketamine response at a 

behavioural level. Far beyond, ketamine’s most intriguing action is the maintenance of 

consciousness despite behavioural unresponsiveness (13,14). This preservation of 

awareness, coupled with dissociative and psychedelic effects, places ketamine in a 

unique drug category. Ketamine reaches across domains of anaesthesia and analgesia 

while inducing profound phenomenological experiences. This highlights its inherent 

incompatibility within only one typical group of drugs (9,15). Ketamine’s pharmacology is 

still not fully understood, but the substance interacts with a multiplicity of sites, not only 

related to its first mechanism as N-methyl-D-aspartate (NMDA) receptor antagonist 

(16,17) (please see details in pharmacology chapters of this book). 

This chapter explores neurophysiological and neuroimaging studies focussing on 

ketamine’s uniqueness in inducing loss of responsiveness while maintaining conscious 

experiences. Clinicians need to be familiar with the concepts of “responsiveness” and 

“disconnected consciousness”. These are possible for brain-injured patients and 

comatose patients after cardiac arrest who have conscious experiences yet are 

disconnected from the outside. Ketamine is also important for investigating mechanisms 

underlying conscious experiences and the science of consciousness (18). We will 

therefore highlight how “model ketamine” can be used to create indices which are 

clinically meaningful to individuate conscious patients with serious brain disorders. They 

may also serve as biomarkers in the longitudinal course of therapy.  

 

2 Early Electrophysiological Work  

At the time when the neural correlates of ketamine anaesthesia were first explored, there 

was still a lack of a precise clinical definition of consciousness. Attempting to reconcile  
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ketamine-induced reductions in behavioural responsiveness with the unexpected 

electrophysiological findings was challenging. When ketamine is administered as mono-

anaesthetic, additional ketamine doses do not seem to enhance or deepen sedation 

once unresponsiveness has been achieved. This is different from opioids, sedative-

hypnotics, or inhalational anaesthetic agents (12). Early work used electrophysiological 

signifiers as indicators of sedation depth, such as auditory evoked potentials. They 

represent electrical potential difference changes which are recorded with electrodes 

measuring brain activity in response to auditory stimuli. One of the most investigated 

modalities was the 40-Hz auditory steady-state response (40-Hz ASSR), which revealed 

intriguing differences between ketamine and other anaesthetics (19): with most 

anaesthetics, such as thiopental (20), sufentanil (21), propofol (22), and N2O with or 

without enflurane (20,23,24), a decrease in the 40-Hz ASSR amplitude was observed, and 

an increase in the latency of the amplitude occurred. In contrast, ketamine increased the 

response to the 40-Hz tone (25). A different electrophysiological assessment of the 

sedation depth nowadays commonly used, is the bispectral index (BIS) (26). The BIS is 

derived from a combination of analyses of power spectra and time-domain analyses of 

electroencephalographic (EEG) signals. These are integrated with black-box algorithms 

for artifact reduction and adaptive filtering. The BIS provides a single numerical value that 

reflects the patient's depth of anaesthesia from 0 (absence of brain activity) to 100 

(awake state). This allows for a straightforward interpretation of the index with lower 

values corresponding to lower levels of consciousness. Values between 40-60 represent 

deep hypnotic state general anaesthesia. Interestingly, when a 0.5 mg/kg ketamine bolus 

is administered as an adjunct to propofol or sevoflurane anaesthesia, the BIS increases 

(27,28). This result may be considered counterintuitive, because ketamine is expected to 
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increase the level of hypnosis. However, this BIS response may have been caused simply 

by disconnected consciousness. In other words, even without behavioural 

responsiveness, it is possible that a phenomenological experience is preserved with 

ketamine use in humans, irrespective of whether it is captured in an index or not. 

 

3 Consciousness versus Responsiveness 

Consciousness is an intrinsic phenomenon of everyday life, present from the moment we 

wake up until we fall asleep. There are different nuances to its definition, and the clinical 

perspective for anaesthesiologists may often centre around behavioural responsiveness 

at the bedside. Nonetheless, consensus in cognitive neuroscience equates 

consciousness with having an experience (29,30). This can exist in the presence or 

absence of behavioural responsiveness (18,31–33). The state of absence of 

responsiveness with the presence of subjective experience has been coined as 

“disconnected consciousness”. Disconnected consciousness is naturally occurring in 

physiological states such as dreaming but can be induced pharmacologically. Besides 

sheer epistemological curiosity, defining consciousness in multidimensional 

materialistic terms has a direct impact on the lives and health of people.  

 One example is “intraoperative awareness”, which is the unwanted presence of 

consciousness in patients under general anaesthesia during surgery. Intraoperative 

awareness has been reported to occur during more than 10% of the time in the operating 

theatre (34), with a likely even higher incidence not being reported due to patient 

amnesia. Additionally, “dreaming” during periods of unresponsiveness under 

dexmedetomidine and propofol anaesthesia is not uncommon (35). Identifying the 
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correlates of disconnected consciousness would allow clinicians to better manage these 

phenomena. Another example are patients suffering from post-comatose disorders of 

consciousness (DoC). DoC are characterised by impaired consciousness, with no 

functional communication or “appropriate use of objects” (36–38). An accurate 

diagnosis differentiating conscious from unconscious DoC patients may have critical 

ethical implications (39). Previously, it was believed that patients who are unresponsive 

at the bedside were not conscious. However, it is now clear that a significant percentage 

of these individuals are conscious, i.e., they have experiences despite being obviously 

unable to demonstrate them (40–43). Nowadays, such a state can be elucidated 

according to evidence gathered in electrophysiological and neuroimaging methods 

(38,44). The separation between behavioural responsiveness and consciousness can be 

similarly demonstrated by dreaming during sleep (45,46). Therefore, refining unbiased 

methods to identify consciousness and distinguish it from behavioural responsiveness is 

decisively important. Such progress does not only enhance our understanding of 

consciousness, but will improve diagnostic accuracy and ethical issues with respect to 

decision-making in several, serious clinical brain conditions and circumstances (44). 

 A measure proposed to identify the presence of consciousness during 

unresponsive states is the spectral exponent of the power spectral density (PSD) of the 

resting-state EEG (47,48). The spectral exponent is estimated from the slope of the PSD 

in log-log coordinates indicating the steepness of the decay of the PSD “background”. The 

PSD background decays from slower to faster frequencies according to an inverse power-

law. The spectral exponent is linked to the balance between excitation and inhibition in 

neuronal signalling. With propofol and xenon anaesthesia, the spectral exponent was 

reduced when no experience were reported after awakening in healthy study subjects 
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(Fig. 1a) (47). In contrast, with ketamine anaesthesia, the spectral exponent remained 

unchanged in the low frequency range, but increased in the higher frequencies (Fig. 1b 

and c). After regaining consciousness from ketamine anaesthesia, healthy study 

participants reported vivid dream-like psychedelic experiences while being 

disconnected from the external environment. This is in line with previous subjective 

reports of conscious events during ketamine mono-anaesthesia in surgery.  

place Figure 1 near here 

While the resting-state EEG has been regarded as a feasible tool to determine 

consciousness, it may have limitations with respect to the accuracy of assessments. 

New investigations suggest that a “perturbation of the brain” is necessary to define 

whether consciousness is present or not (50,51). Transcranial magnetic stimulation 

(TMS) offers a way to perturb the brain in a non-invasive, reversible manner (52,53). When 

combining TMS with EEG, underlying features of conscious state can be revealed. For 

example, evoked alpha power decreases during disconnected consciousness, as shown 

by TMS-EEG recordings under ketamine anaesthesia or with rapid eye movement (REM) 

sleep (54). This is not seen in states of unconsciousness, such as in non-REM (NREM) 

sleep “without dreams” or under propofol anaesthesia, and may suggest that alpha 

activity is involved in the perception of sensory stimuli. It could therefore be a marker of 

disconnected consciousness (54). Another way to benefit from TMS-EEG recordings is 

the averaging of the EEG response to the pulse to register TMS-evoked potentials (TEPs). 

The TEP varies greatly as a function of conscious state (55). In normal wakefulness, TEPs 

are region-specific (56), but homologous in the way they vary over time and space (14,55). 

During dreaming, TEPs similarly preserve a variegated, long-lasting pattern involving 
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regions outside the one under the coil. In contrast, during NREM sleep, TEPs are much 

simpler with a higher local, short-lived amplitude (57). Interestingly, in pharmacological 

anaesthesia such as with GABAergic midazolam (58), TEPs look qualitatively like those of 

NREM sleep. In contrast, ketamine anaesthesia preserves the wakefulness-like shape of 

the TEPs, as if indicating “only disconnectedness” rather than unconsciousness in 

healthy volunteers (Fig. 2). While there are few reports on dose-dependent effects of 

anaesthetics in TMS-EEG (59), the TEP of sub-anaesthetic dose ketamine has similar 

features to the one of wakefulness (60). One way to quantify how much TEPs vary, is by 

means of the “brain complexity value”. The brain complexity value is a comprehensive 

and easy-to-read measure that describes underlying physiological features indirectly. It 

has been strongly linked to consciousness. 

place Figure 2 near here 

An optimal balance between functional brain integration and differentiation is 

necessary to maintain consciousness (61–63). This balance underpins complex brain 

activity and seems to be inextricably linked to consciousness. It has recently been 

observed that the brain exhibits highly complex activity during normal awake 

consciousness. However, the complexity is low during states without consciousness, 

such as in dreamless sleep or coma (63,64). Complexity can be measured by various 

methods, one of the simplest being the Lempel-Ziv Complexity (LZC). It gauges the 

repetitiveness of brain activity after binarisation of recorded values (65) and can be used 

to assess the complexity of the TMS-evoked response in the EEG. This procedure results 

in the perturbational complexity index (PCI) (66). The PCI provides a single number that 

quantifies the complexity of the brain response to the perturbation, which can then be 
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used to determine whether an individual is conscious or not (66,67). Originally, the PCI 

was applied to demonstrate that in reduced consciousness states such as in DoC or 

propofol anaesthesia, PCI values were low. They indicated a stereotypical brain response 

to perturbation with a simple TEP of low complexity. The PCI was also used to 

discriminate consciousness levels in single subjects and individual patients across 

different states, including dreaming, dreamless sleep, DoC, locked-in syndrome, and 

various other levels of sedation related to agents like xenon and propofol (14,64,66). With 

reduced consciousness, the PCI is low, whereas with maintained consciousness such as 

normal awake states or in locked-in syndrome patients, PCI is high. It thus exemplifies 

the relative irreducibility of complex EEG signals during phenomenological experiences. 

Fascinatingly, during ketamine-induced loss of responsiveness, PCI values also remain 

high and comparable to those during normal awake consciousness (14,64). This finding 

aligns with ketamine’s ability to produce profound unresponsiveness whilst preserving 

experience (Fig. 3). In fact, while healthy study subjects accounted for "ketamine 

dreams" upon emergence from anaesthesia, they reported no or little experience after 

emergence from propofol and xenon anaesthesia (14). Nevertheless, there is still the 

possibility that some patients “may experience something” under anaesthesia with non-

ketamine agents (68). It is therefore indispensable to find a method to monitor 

consciousness that is easily implementable. 

place Figure 3 near here 

 

4 The Contribution of Artificial Intelligence  
to Elucidate Consciousness States  
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A shortcoming of single number measurements such as the PCI lies in the fact that they 

oversimplify consciousness, and might not capture its multifaced nature. This is evident 

by the fact that PCI cannot distinguish states of disconnected consciousness, such as 

ketamine-induced unresponsiveness, versus normal awake consciousness. New 

promising indices including the explainable consciousness indicator (ECI), provide one 

index for wakefulness and one for awareness. This allows for a differentiation between 

similar states of high awareness yet low arousal (69). While validated with TMS-EEG data, 

the ECI can also be employed in EEG-only recordings. Even though other measures used 

to detect the presence of consciousness (such as PSD and spectral exponents) can make 

such distinctions, they are typically calculated at the group level and rely on many 

epochs to improve the reliability of statistical estimates. This reliance on extensive data 

limits their applicability for real-time, single subject or individual patient assessments in 

clinical care. In contrast, the ECI applies convolutional neural networks (CNNs), a 

specific deep learning technique, to identify and discriminate between “salient” brain 

states from unrelated signals in real-time at the single-subject / individual patient level. 

These models rely on training data to learn to distinguish the salient patterns 

associated with different states of consciousness as opposed to unrelated brain signals. 

Firstly, the CNN was trained using EEG data collected from various conditions with 

different levels of arousal and awareness, including sleep (57,70), anaesthesia (14), and 

DoC (71,72). The CNN captures spatial, spectral, and temporal information, learning 

relevant features that distinguish between high and low states of arousal and awareness. 

The training process involves techniques like transfer learning, where the model learns 

from one domain/dataset (e.g., sleep) and applies this knowledge to another (e.g., 

anaesthesia). Traditionally, these models are used in many domains, such as image and 
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speech recognition, but they are generally not explainable beyond the ability to interpret 

the value given in classification. These are referred to as “black-box” methods; they do 

not provide access to the reasons behind their classifications. However, the ECI model 

overcomes this limitation by using Layer-wise Relevance Propagation (LRP), which 

ensures that the CNN's decisions are both interpretable and explainable. LRP assigns 

relevance scores to each input feature, highlighting their contribution to the classification 

decision. This allowed to identify that EEG activity over parietal brain regions was more 

relevant for classifying states of consciousness rather than over frontal regions. In the 

landscape of the debate about whether the most relevant brain areas supporting 

consciousness reside in frontal or parietal brain parts (73–75), this may be a very 

important finding because the ECI demonstrated a good concordance with the PCI. 

Taken together the ECI may therefore be very useful in clinical settings where it is crucial 

to understand if a patient has preserved consciousness or not. However, although this 

method does not capture disconnectedness yet, it can detect consciousness even if a 

person is unresponsive such as under ketamine anaesthesia (Fig. 4). 

Place Figure 4 near here 

 

5 What Does Functional Magnetic Resonance Imaging Show – A View 
Towards Neurobiological Mechanisms 

 

Brain complexity emerges through intricate interactions within the thalamocortical 

networks. Another way to study ketamine’s unique effects on the brain are neuroimaging 

methods such as functional magnetic resonance imaging (fMRI) to examine the brain’s 

resting state (RS) networks. The identification of ketamine’s impact on RS networks may 
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help to untangle its complex phenomenological responses. Ketamine produces 

alterations in many RS networks, showing dose-dependent effects (76). In particular, the 

default mode network (DMN) is suppressed between medial frontal regions and its 

posterior nodes. This suppression is suggested to be a hallmark of anaesthesia-related 

unresponsiveness. Reductions in frontal DMN connectivity and disconnection of 

frontoparietal connectivity have been reported with anaesthetics like sevoflurane and 

propofol (77). With ketamine anaesthesia in contrast, the executive control network 

connectivity, visual and auditory connectivity, and even the cross-modal connectivity 

between these sensory networks is maintained (76,78). These differences in network 

connectivity likely highlight the divergent sedation patterns and anaesthetic 

phenomenology caused by propofol as compared to ketamine. Additionally, during 

ketamine-induced unresponsiveness, there is a reorganisation of the DMN with other 

brain regions involved in external and internal stimuli processing. Brain regions get 

integrated into the DMN network connectivity (79). This reorganisation of the DMN and 

other networks such as the salience network may - in part explain - how ketamine can 

exert dissociative and psychedelic effects (80,81). 

 

6 Future Directions: Ketamine’s Psychedelic Potential for Therapy 

Ketamine has been established as rapid-acting antidepressant in major depressive 

disorder with suicidal ideation, treatment-resistant depression, and other severe 

neuropsychiatric disorders (3,6,16,82). Similar to the uniqueness among anaesthetics, 

ketamine is also regarded as atypical psychedelic in contrast to the “classical 

serotonergic psychedelics” (9). While there is ongoing discussion whether the response 
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to ketamine is related to its phenomenology, pharmacology, or a combination of both 

(83–85), there are endeavours to characterise the phenomenology of ketamine via 

reported experiences (86). As already outlined, ketamine induces transient psychoactive 

events, including unusual “disorienting” experiences of dissociation and psychedelic-

like changes in perception, but also positive events and mystical experiences, including 

awe and oneness with the environment. Sub-anaesthetic dose ketamine leads to 

different brain dynamics compared to higher doses, which has been shown in humans 

(7,15) and animal models (87–89). Sub-anaesthetic dose ketamine increases the LZC in 

resting-state EEG in healthy volunteers, while the PCI remained unchanged ((60,90), but 

also see (81) for possible interpretation). This introduces the appealing idea for 

therapeutic approaches with a drug that transiently increases brain complexity in 

patients who suffer from pathologically deficient levels of consciousness. Low brain 

complexity is a typical feature of the challenging patients with DoC (81,91). Enhancing 

brain complexity would theoretically allow for a richer experience in these difficult-to-

treat patients. Current investigations are active using ketamine for this purpose as a novel 

clinical indication. So far, our first data have demonstrated that ketamine can indeed 

increase brain complexity in DoC patients without inducing new signs of consciousness 

(Cardone et al, under review).   

  

7 Conclusions  

Beyond all current knowledge, ketamine still holds more promises for the elucidation of 

our understanding of consciousness, specifically for differentiation between 

unconsciousness and disconnectedness. Encouraging researchers and clinicians to 
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consider responsiveness and consciousness as separate entities is crucial for 

understanding mechanisms of consciousness and especially for improving treatment 

approaches to desperately brain-injured patients. All of this is associated with 

tremendous significance for real-word implementation, as it may lead to a better care of 

patients undergoing surgery who are unresponsive but still have experiences, and much 

more in patients with DoC who are unable to display a motor output due to physical 

impairments but have a “mental life”. Nevertheless, it has to be clearly stated that 

ketamine mono-anesthesia is rarely performed outside of preclinical emergencies, 

anaesthesia for electroconvulsive therapy, or resource-poor settings. For decades, 

anaesthesiologists combine ketamine with GABA-ergic agents to prevent and treat 

unwanted psychoactive and medical effects.      

 In summary, we have presented recent ketamine study data trying to differentiate 

between correlates of responsiveness and consciousness based on various, currently 

applied neurophysiological and neuroimaging methods. Endeavours to enhance the 

clinical translatability of indices such as the ECI will hopefully change the future clinical 

practice for the benefit of DoC patients. In a historical context, this may become very 

important in view of the renewed discussion about medical treatment using classical 

psychedelics despite the unclarity about their long-term, lasting effects of mind-altering 

changes. 

 

8 Take Home Messages  

1) Ketamine is unique among anaesthetics for its ability to induce unresponsiveness 

without loss of consciousness. This highlights the differentiation between these two 
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aspects and makes ketamine a valuable tool in studying states of disconnected 

consciousness in both clinical and research settings. 

2) Emerging tools like the Explainable Consciousness Indicator (ECI) might provide real-

time assessments of consciousness by quantifying both awareness and arousal. This 

allows for the detection of disconnected consciousness in states like ketamine 

anaesthesia.  

3) Ketamine uniquely preserves high brain complexity during states of unresponsiveness 

and disconnected consciousness. This distinct neurophysiological effect opens new 

lines of investigations into the therapeutic possibilities for disorders of consciousness. 
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Figure Legends 

Fig. 1: (a) EEG power spectral density (PSD) in resting state during wakefulness (green) 
and unresponsiveness with xenon (black), propofol (blue) or ketamine (red) in healthy 
study subjects. The authors investigated how the broadband PSD changes with these 
drugs, demonstrating (b) that the aperiodic component of ketamine remains partially 
unvaried in lower frequencies compared to wakefulness, (c) while it flattens in higher 
frequencies (from Colombo et al (2019) The spectral exponent of the resting EEG indexes 
the presence of consciousness during unresponsiveness induced by propofol, xenon, 
and ketamine. NeuroImage189: 631–644 with permission from Elsevier via Copyright 
Clearance Center Incorp.). 

 

Fig. 2: Transcranial evoked potential (TEP) recordings during wakefulness (grey trace line 
left, middle, right), with propofol (blue trace line left), xenon (black trace line middle), or 
ketamine (red trace line right) with stimulation in Broadman area 6 and 7 (BA6 and BA7) 
in healthy volunteers. TMS transcranial magnetic stimulation (from Sarasso et al (2015) 
Consciousness and complexity during unresponsiveness induced by propofol, xenon, 
and ketamine, Curr Biol 25:3099–3105  with permission from Elsevier via Copyright 
Clearance Center Incorp.).  

 

Fig. 3: The change of the perturbational complexity index (PCI) in Broadman area 6 and 7 
(triangles indicate BA6 and squares BA7) in healthy volunteers during wakefulness (W) 
before anaesthesia (grey), and with propofol (blue), xenon (black), or ketamine (red) 
anesthesia. The PCI decreases with propofol and xenon as compared to wakefulness, 
whereas it does not with ketamine (from Sarasso et al (2015) Consciousness and 
complexity during unresponsiveness induced by propofol, xenon, and ketamine, Curr 
Biol 25:3099–3105 with permission from Elsevier via Copyright Clearance Center Incorp).  
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Fig. 4: Values of the Explainable Consciousness Indicator in awareness (ECIawa) and 
arousal (ECIaro) at different consciousness states in six healthy study subjects: (a) 
Disconnectedness with REM sleep shows high ECIawa, but low ECIaro, unconsciousness 
with NREM sleep shows low ECIawa and low ECIaro, whereas normal wakefulness shows 
high ECIawa and high ECIaro; (b) unconsciousness with propofol or xenon show low ECIawa 
and low ECIaro, whereas disconnectedness with ketamine shows high ECIawa and low 
ECIaro. Sub01-06 study subjects number 1 - 6, W–K  healthy wakefulness before ketamine, 
W–P healthy wakefulness before propofol, W–X healthy wakefulness before xenon (from 
Lee M et al (2022) Quantifying arousal and awareness in altered states of consciousness 
using interpretable deep learning. Nat Comm 13: 1–14 under a CC BY-4.0 commercial 
international license  http://creativecommons.org/licenses/by/4.0/.) 
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