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[bookmark: Abs1]Abstract
Positron emission tomography (PET) allows studies of cerebral metabolism and blood flow and has been widely used to investigate physiological mechanisms underlying altered states of consciousness. Consciousness is characterized by two components: wakefulness and awareness. In this chapter, we review the current literature on brain metabolism during pathological loss of consciousness (vegetative/unresponsive or minimally conscious states), sleep (in healthy subjects and in patients with insomnia), and under hypnosis. By identifying brain areas specifically involved in conscious processing, these studies have contributed to our understanding of the underlying physiology of consciousness. The precuneal and cingulate cortices, for example, seem to be key areas for maintaining conscious awareness. FDG-PET further allowed the identification of the minimal energetic requirement for conscious awareness in this population, which corresponds to 42% of normal cortical activity. Up to now, it is the most accurate neuroimaging tool regarding the diagnosis of patients with disorders of consciousness. In the future, its use as part of multimodal assessment could improve diagnosis and prognosis in this challenging population. In sleep, a greater activity of the precuneus/posterior cingulate cortex and the fronto-parietal areas during non rapid eye movement sleep also seems to play a role in disorders such as insomnia. Other areas such as the hypothalamus, amygdala, or temporo-occipital cortex seem to play a role in different states such as rapid eye movement sleep and hypnosis. PET studies permit a better comprehension of the neural correlates of consciousness and to identify the implication of specific neural areas and networks in altered states of consciousness in post-comatose patients, sleep and induced hypnosis. 
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46.1. Introduction
There is at present no validated objective definition of consciousness (Noirhomme and Laureys 2011). Numerous definitions abound in the literature (Nagel 1979; Searle 2000; Dehaene and Naccache 2001; Tononi 2004; Baars 2005); for a review, see Damasio and Kaspar (2009). Consciousness is a multifaceted concept described as comprising two major components: arousal and awareness (Zeman 2001). This dichotomous terminology provides a practical approach, which corresponds well to clinical settings (Posner et al. 2007). Arousal refers to the degree of wakefulness, or the level of consciousness. It is clinically manifested by spontaneous eye opening (indicating wakefulness and rest cycles) and controlled mainly by the ascending reticular system in the brainstem, midbrain, and thalamus. Awareness is a term used to describe the capacity to perceive, to experience something – that is, the phenomenological experience of being (Nagel 1979) or the contents of consciousness. Evidence from functional neuroimaging studies suggests that there are two anticorrelated cortical systems that mediate conscious awareness: an “extrinsic” network that encompasses lateral frontoparietal areas and has been linked with processes of external input (external awareness) and an “intrinsic” network which includes mainly medial brain areas and has been associated with internal processes (internal awareness) (Vanhaudenhuyse et al. 2011). The clinical quantification of awareness is limited to evaluating patients’ motor responsiveness to commands and nonreflex behaviors, such as visual pursuit or localization to pain (Noirhomme and Laureys 2011, for a review see (Gosseries et al. 2014).
Awareness is believed to be a phenomenon emerging from cortical activity and supported by subcortical connections in particular to the thalamus. Even if awareness normally follows from arousal, the two qualities are dissociable. Hence, preserved arousal does not necessarily imply awareness (Laureys 2005). As the anatomical and physiological correlates of consciousness are complex, the interplay of arousal and awareness is incompletely understood, and a plethora of questions remain unsolved, limiting our understanding of the human consciousness.
During the last decade, researchers began to investigate brain activity in patients with disorders of consciousness (DOC) following severe brain injury. Other studies focused on hypnosis and sleep, and in conjunction these investigations contributed to our current understanding of the minimal neural correlates of conscious awareness in both physiological and pathological states.
One way to study brain activity is by positron emission tomography (PET), measuring regional increases in cerebral blood flow (rCBF) with [18F] -fluorodeoxyglucose (FDG) or using 15O-labeled water (H2O15). PET imaging allows studies of regional brain functionality at rest, without the patients’ active participation. The aim of this chapter is to provide an overview of the neural correlates of altered consciousness, identified by PET studies, in both physiological and pathological conditions (for summary, see Tables 46.1, 46.2, 46.3, and 46.4). We will first discuss studies on patients with disorders of consciousness, in resting state condition and during passive stimulation paradigms. We will then give an overview of sleep and hypnosis studies and discuss the clinical implications of these findings.
[bookmark: Tab1]Table 46.1 Summary of FDG-PET studies on disorders of consciousness during resting state
	Authors
	N
	 Diagnosis
	Time since injuries
	Main findings

	[bookmark: RANGE!A2][bookmark: OLE_LINK1]Levy et al. (1987)
	7
	UWS
	1–72
	60 (53–67 %) decrease in metabolism

	DeVolder et al. (1990)
	7
	UWS
	1–4
	53 % (43–65 %) decrease in metabolism

	Tommasino et al. (1995)
	10
	UWS
	2–24
	56 % decrease in metabolism

	Plum et al. (1998)
	3
	UWS
	
	50 % decrease in metabolism with significant regional variations

	Laureys et al. (1999a)
	4
	UWS
	<1–60
	Frontoparietal hypometabolism and disconnections

	Laureys et al. (1999b)
	1
	UWS
	1
	38 % decrease in metabolism; recovery of consciousness = frontoparietal recovery

	Rudolf et al. (1999a)
	24
	UWS
	<1–6
	25 % decrease in metabolism (17 % for acute patients (<3 months) and 33 % for chronic patients (>3 months))

	Schiff and Plum (1999)
	1
	UWS
	240
	50 % decrease in metabolism with significant regional variations

	Laureys et al. (2000b)
	1
	UWS
	4
	Recovery of consciousness = thalamocortical reconnections

	Rudolf et al. (2000)
	9
	UWS
	<1
	Decrease in benzodiazepine receptor density in VS/UWS

	Laureys et al. (2002a)
	30
	UWS
	1–5
	56 % (37–72 %) decrease in metabolism

	Schiff et al. (2002)
	5
	UWS
	6–240
	50 % (31–87 %) decrease in metabolism with regional variations

	Beuthien-Baumann et al. (2003)
	16
	UWS
	2–12
	58 % decrease in metabolism; frontoparietal hypometabolism

	Tengvar et al. (2004)
	1
	MCS
	6
	47–65 % frontoparietal hypometabolism

	Juengling et al. (2005)
	5
	UWS
	1–48
	Frontoparietal and thalamic hypometabolism

	Nakayama et al. (2006)
	30
	17 UWS 13 MCS
	6–60
	Frontoparietal and thalamic hypometabolism in VS/UWS

	
	
	
	
	Less impaired in MCS

	Majerus et al. (2009)
	36
	MCS
	1–265
	Hypometabolism in language-processing regions (left superior, middle and inferior temporal gyri, left inferior frontal gyrus, and the right inferior temporal gyri)

	Schnakers et al. (2008)
	1
	MCS
	24
	Changes in the fronto-temporo-parietal network and the sensorimotor area

	Silva et al. (2010)
	10
	UWS
	2–24
	Frontoparietal hypometabolism

	Lull et al. (2010)
	17
	UWS and MCS
	12
	Thalamus hypometabolism

	Bruno et al. (2010)
	10
	UWS
	3
	Frontoparietal hypometabolism (VS/UWS without fixation = patients with fixation)

	Phillips et al. (2011)
	13 8
	UWS LIS
	<1–290
	Automatic classification between VS/UWS and healthy subjects or LIS using the “relevance vector machine”

	Garcia-Panach et al. (2011)
	17
	UWS and MCS
	12
	Cortico-thalamo-cortical hypometabolism correlates with less favorable outcomes

	Bruno et al. (2012)
	27
	13 MCS
	1–70
	Left-sided metabolism MCS+ (command following) >MCS− (low level of nonreflexive behaviors)

	
	
	14 MCS+
	
	Broca’s region disconnection from language network, mesiofrontal, and cerebellar areas in MCS-

	Thibaut et al. (2012)
	70
	24 UWS
	<1–270
	Extrinsic and intrinsic network hypometabolism in VS/UWS

	Studies using resting state FDG-PET to evaluate the effects of pharmacological treatment

	Chatelle et al. (2014)
	3
	MCS
	18 months -7 years
	Metabolism increase in bilateral dorsolateral prefrontal and mesiofrontal cortices after the administration of zolpidem.

	Studies using resting state FDG-PET to evaluate the effects of pharmacological and as a diagnostic tool

	Stender et al. (2014)
	112
	UWS, MCS, LIS
	<1 month - > 1 year
	85% of diagnosis agreement between CRS-R and FDG-PET for MCS (67% for UWS). 74% good outcome prediction. 

	Stender et al (2015)
	41
	UWS, MCS, eMCS
	10 days - 9 years
	Regional differences between VS/UWS and MCS more pronounced in the frontoparietal cortex. In brainstem and thalamus, metabolism declined equally in both VS/UWS and MCS.

	Stender et al (2016)
	131
	UWS, MCS, eMCS
	622-1299 days
	Use of extracerebral tissue normalization. 42% of normal cortical activity = minimal energetic requirement for conscious awareness. 

	Studies using resting state FDG-PET as part of multimodal assessment

	Soddu et al (2015)
	15
	UWS, LIS
	NA
	High correlation between resting state fMRI total neuronal activity and PET cerebral metabolism. UWS vs HS = decrease in lateral and medial fronto-parietal networks for both techniques.

	Annen et al (2016)
	25
	UWS, MCS, eMCS
	30 days - 1,8 years
	Association between functional metabolism (inferior-parietal, precuneus, and frontal regions) and structural integrity of the DMN (frontal-inferiorparietal, precuneus-inferiorparietal, thalamo-inferioparietal, and thalamofrontal tracts).

	Di Perri et al (2016)
	58
	UWS, MCS, eMCS
	27 months
	Correlation between FDG-PET brain metabolism and fMRI connectivity. Brain metabolism increase in thalamus, basal ganglia, lateral fronto-parietal, parieto-occipital, and temporal cortices. Correlation between brain metabolisms and CRS-R scores in the lateral fronto-parietal and superior temporal regions.

	Bodart et al (2017)
	24
	UWS, MCS, eMCS, LIS
	5-1116 weeks
	 FDG–PET and PCI revealed preserved metabolic rates and high complexity levels in four patients who were behaviourally unresponsive.

	Golkowski et al (2017)
	20
	UWS, MCS
	116-170 days
	Glucose metabolism in the occipital lobe higher in MCS as compared to VS/UWS. FDG-PET values in the occipital cortex correlated with CRS-R on the day of measurement. 

	Annen et al (2018)
	12
	UWS, MCS
	7,5-50 months
	Preservation in the region of the right dorsolateral prefrontal cortex, the inferior parietal junction and the inferior temporal gyrus in patient with signs of "covert command following".



VS/UWS vegetative state/unresponsive wakefulness syndrome, MCS minimally conscious state, MCS+ patients in “MCS plus” (showing command following), MCS− patients in “MCS minus” (showing minimal level of behavioral interactions without command following), LIS locked-in syndrome, EMCS emergence from the minimally conscious state, HS healthy subject, DMN default mode network, CRS-R coma recovery scale-revised, EEG electroencephalogram, fMRI functional magnetic resonance imaging, PCI perturbational complexity index
[bookmark: Tab2]Table 46.2 Summary of PET-H2O15 studies in patients with disorders of consciousness during sensory stimulations
	Authors
	N
	Diagnosis
	Time since insult (day(s) and month(s))
	Passive stimulation
	Level of activation

	De Jong et al. (1997)
	1
	UWS
	2 months
	Auditory (familiar voice)
	High

	Menon et al. (1998)
	1
	UWS
	3 months
	Visual (familiar face)
	Low

	Laureys et al. (2000a)
	5
	UWS
	3–38 days
	Auditory (click)
	Low

	Laureys et al. (2002b)
	15
	UWS
	1 month
	Pain (electrical stimulation)
	Low

	Schiff et al. (2002)
	5
	3 UWS 2 UWS
	6–300 months
	Auditory (click), tactile
	Low high

	Owen et al. (2002)
	3
	1 UWS 2 UWS
	4 months
	Visual (familiar face), auditory (noise, words)
	Low high

	Kassubek et al. (2003)
	7
	UWS
	3–48 months
	Pain (electrical stimulation)
	High

	Boly et al. (2004)
	20
	15 UWS 5 MCS
	1–4 months
	Auditory (click)
	Low high

	Laureys et al. (2004b)
	1
	MCS
	6 months
	Auditory (noise, cries, own name)
	High

	Owen et al. (2005)
	1
	UWS
	4 months
	Auditory (speech)
	High

	Giacino et al. (2006)
	5
	UWS
	1–3 months
	Visual (flash)
	Low

	Boly et al. (2008a)
	20
	15 UWS 5 MCS
	1–4 months
	Pain (electrical stimulation)
	Low high

	Silva et al. (2010)
	5
	UWS
	2–22 months
	Tactile
	Low


UWS unresponsive wakefulness syndrome, MCS minimally conscious state, LIS locked-in syndrome



[bookmark: Tab3]Table 46.3 Summary of PET studies on healthy subjects during sleep
	Authors
	N
	
	Stage
	Main findings

	Maquet et al. (1990)
	11
	FDG
	SWS
	Metabolism decrease 40 % (> thalami)

	
	
	
	REMS
	Metabolism = wakefulness

	Maquet et al. (1996)
	7
	FDG
	REMS
	Metabolism increase in tegmentum, left thalamus, amygdala, ACC, and right parietal operculum

	
	
	
	
	Metabolism decrease in dorsolateral prefrontal, parietal, PCC, and precuneus

	Braun et al. (1997)
	37
	H2O15
	SWS REMS
	Metabolism decrease in centrencephalic and heteromodal association regions and increase in S1-S2

	
	
	
	
	Metabolism increase in centrencephalic and S1-S2 and decrease in the frontoparietal association cortices

	Hofle et al. (1997)
	11
	H2O15
	SWS
	rCBF negatively correlate with sigma power (EEG) in the thalamus bilaterally

	Maquet (1997)
	11
	H2O15
	SWS
	Metabolism decrease in dorsal pons and mesencephalon, thalami, basal ganglia, basal forebrain/hypothalamus, orbitofrontal cortex, anterior cingulate cortex, and precuneus

	Andersson et al. (1998)
	19
	H2O15
	SWS
	Metabolism decrease in the thalamus and the frontal and parietal association areas and increase in the cerebellum

	Kajimura et al. (1999)
	18
	H2O15
	SWS
	Metabolism decrease in midbrain tegmentum, cerebellar vermis, basal forebrain, caudate nucleus, posterior cingulate gyrus, and neocortical regions

	Nofzinger et al. (1997)
	8
	FDG
	REMS
	Metabolism increase in limbic regions and orbitofrontal, cingulate, entorhinal, and insular cortices

	Peigneux et al. (2001)
	12
	H2O15
	REMS
	Correlation during REMS between the density of REMS and rCBF in the occipital and the lateral geniculate bodies of the thalamus

	Nofzinger et al. (2002)
	14
	FDG
	SWS
	Metabolism decrease in frontal, parietal, temporal and occipital cortices and thalamus

	
	
	
	
	Increases in the dorsal pontine tegmentum, hypothalamus, basal forebrain, ventral striatum, anterior cingulate cortex, and mesial temporal lobe

	Dang-Vu et al. (2005)
	23
	H2O15
	SWS
	Association between rCBF in the ventromedial prefrontal regions and delta power (EEG)

	Maquet et al. (2005)
	207
	H2O15
	REMS
	Metabolism decrease in frontal and parietal areas

	Wilckens et al. (2016)
	52
	FDG
	Wakefulkness
	Higher relative slow-wave activity associated with greater dorsolateral prefrontal metabolism in healthy subjects. Negative correlation between age and wake metabolism in the dorsolateral prefrontal cortex

	Kay et al. (2016)
	44 PI, 40 GS
	FDG
	Wakefulness, SWS/NREM
	Insomnia associated with impaired disengagement of the
left frontoparietal and the left middle frontal cortices, the precuneus/posterior cingulate, the fusiform/lingual gyri during NREM sleep and  impaired engagement of these regions during wakefulness

	Kay et al. (2019)
	17 PI, 19 GS
	FDG
	Wakefulness, SWS/NREM
	Individuals with insomnia and good sleepers showed similar relative rCMRglc responses to acute sleep restriction (lower relative rCMRglc in the the left frontoparietal cortex, medial frontal cortex, posterior cingulate cortex, and thalamus).


FDG fluorodeoxyglucose, SWS slow wave sleep, REMS rapid eye movement sleep, NREMS non rapid eye movement sleep, rCBF regional cerebral blood flow, ACC anterior cingulate cortex, S1–S2 primary and secondary sensorimotor areas, EEG electroencephalography, GS good sleeper, PI primary insomnia, rCMRglc regional cerebral metabolic rate for glucose

[bookmark: Tab4]Table 46.4 PET studies on hypnosis, at rest and during pain stimulation in healthy subjects?
	Authors
	N
	PET
	Paradigm
	State
	Main findings

	Maquet (1999)
	9
	H2O15
	Rest
	Hypnotic state
	Widespread metabolism increase, mainly left sided (occipital, parietal, precentral, premotor, and ventrolateral prefrontal cortices)

	Rainville et al. (1999b)
	10
	H2O15
	Pain
	Hypnotic suggestion
	Increased metabolism in ACC and in the inferior frontal gyri

	
	
	
	
	
	Decreased metabolism in the right inferior parietal lobule, the left precuneus, and the posterior cingulate gyrus

	Rainville et al. (1997)
	11
	H2O15
	Pain
	Hypnotic suggestion
	Increase in ACC

	Rainville et al. (1999a)
	22
	H2O15
	Pain
	Hypnotic state
	Increase in ACC, insula, S1 and S2

	Faymonville et al. (2000)
	11
	H2O15
	Pain
	Hypnotic state
	Metabolism increase in right-sided extrastriate area and the ACC

	Hofbauer et al. (2001)
	10
	H2O15
	Pain
	a. Hypnotic state
	a. Activation of S1 and S2, ACC, and insula

	
	
	
	
	b. Hypnotic suggestion
	b. Significant increase in pain-evoked activity within S1 and ACC

	Rainville et al. (2002)
	10
	H2O15
	Rest
	Hypnotic state
	Metabolism increase in ACC, thalamus, and pontomesencephalic brainstem

	
	
	
	
	
	Decrease in the inferior parietal lobule, the precuneus, and the posterior temporal cortices

	Faymonville et al. (2003)
	19
	H2O15
	Pain
	Hypnotic state
	Increased functional connectivity between midcingulate cortex and insula, pregenual, frontal, pre-SMA, brainstem, thalamus, and basal ganglia

	Derbyshire et al. (2004)
	33
	H2O15
	Rest
	Hypnotic suggestion
	Both pain and hypnotically induced pain experience and pain stimulation induced metabolic modulations within the thalamus, ACC, insula, and prefrontal and parietal cortices

	Nusbaum et al. (2011)
	14
	H2O15
	Rest (patients with chronic low-back pain)
	Hypnotic suggestion
	Metabolism increase in frontotemporal, insula, caudate, acumens, lenticular nuclei, and ACC


ACC anterior cingulate cortex, S1–S2 primary and secondary sensorimotor cortex, SMA supplementary motor area
46.2. Disorders of Consciousness Following a Brain Injury
Following severe brain damage with loss of consciousness, patients usually evolve through different clinical stages before fully or partially recovering consciousness. Coma is defined as complete absence of arousal and awareness, with no eye opening and only presenting reflexive behavior, in other words, an “unarousable unresponsiveness” (Posner et al. 2007). When eye opening and rest-wake cycles are reestablished, but the patients still only exhibit reflexive behaviors, they are said to be in a vegetative state (VS), now called unresponsive wakefulness syndrome (UWS) (The Multi-Society Task Force on PVS 1994; Laureys et al. 2010). Progression from VS/UWS usually leads to the minimally conscious state, where reproducible but fluctuating signs of consciousness are present, such as eyes tracking motion or response to verbal or tactile stimuli (Giacino et al. 2002), but these patients are, by definition, unable to effectively communicate. We recently proposed a subcategorization of MCS patients based on the complexity of their behavior in two entities: “MCS -” and “MCS +.” “MCS -” describes patients with minimal level of behavioral interactions without command following (e.g., visual pursuit, localization of noxious stimulation, and/or smiling/crying in contingent relationship to external stimuli). “MCS +” patients show higher-level behavioral responses such as command following (Fig. 46.1) (Bruno et al. 2012). The emergence of the MCS is characterized by the recovery of functional communication (verbal or nonverbal) or functional use of objects (Giacino et al. 2002). In rare cases, following brainstem lesions, patients can fully recover consciousness but remain totally paralyzed and aphonic, in the aptly named locked-in syndrome (Laureys et al. 2005a). These patients are able to communicate only with small eye movements (American Congress of Rehabilitation Medicine 1995). The difficulty in disentangling reflexive from voluntary responses, the fluctuation of vigilance, and the additional cognitive or sensory deficits lead to a high rate of misdiagnosis between VS/UWS and MCS (Andrews et al. 1996; Childs and Mercer 1996; Schnakers et al. 2009) and locked-in syndrome (Bruno et al. 2009). The diagnosis may influence decisions about the patients’ care, regarding crucial matters such as end-of-life decisions (Demertzi et al. 2011) or pain management (Demertzi et al. 2009). In this context, objective measures independent of the integrity of the motor pathways are needed to supplement behavioral assessments at the bedside. Neuroimaging provides a promising means to this end (for a review, see Schiff (2006) and Laureys and Schiff (2012)).
Fig. 46.1 Areas with impaired metabolism (shown in blue) in patients in a minimally conscious state (MCS), MCS− (showing nonreflex behavior), and MCS+ (showing command following). The lowest panel illustrates areas with higher metabolism in MCS + as compared to MCS− (shown in orange). All results are shown on a 3D MRI template and thresholded at false discovery rate corrected p < 0.05 (From Bruno et al. (2012))

46.3. PET Scan and Disorders of Consciousness
46.3.1. Measuring the Brain at “Rest”
In 1987, the first FDG-PET study on VS/UWS patients showed a global decrease in brain metabolism of about 40–50 % (Levy et al. 1987). These results were reproduced in several studies (DeVolder et al. 1990; Tommasino et al. 1995; Laureys et al. 1999b; Rudolf et al. 1999b, Stender et al. 2015). FDG-PET was suggest to be a good tool to complement bedside examination and reduce misdiagnosis (Schnakers et al. 2009). Indeed, regarding the diagnosis of MCS patients, FDG-PET showed 85% of good congruence with the score of the coma recovery scale revised (i.e., CRS-R, this behavioral scale is the gold standard for the diagnosis of DOC patient) with a sensitivity to identify MCS patients of 93%. It is also a good tool to predict patient outcomes (i.e., 74% of VS/UWS and MCS patients diagnosed by FDG-PET remained respectively unconscious and conscious at follow-up) (Stender et al. 2014). Even if the diagnostic and prognostic usefulness of this technique have been shown, they still lack of clear guidelines regarding the assessment of changes in brain metabolism due to the use of non-quantitative methods (i.e., visual examination).  More recent studies (Table. 46.2) reported an average of 42% of global cerebral metabolism rate of glucose (CMRglc) in VS/UWS and 55% in MCS patients with more pronounced difference in the frontoparietal and precuneal cortices (Stender et al. 2015), highlighting that a minimum of 42% of global brain metabolism preservation is needed for the emergence of consciousness in post-comatose patients. In another sutdy using an objective method to quantify FDG-PET images (i.e., by normalizing the images to extracerebral tissue and not the brainstem which could be impaired and bias the results, they confirmed that 42% of normal cortical hemispheric activity represents the minimal energetic requirement for sustained awareness (Stender et al. 2016). Moreover, in this study, all the FDG-PET images of MCS patients were normalized to their global best-hemisphere mean in order to investigate the effect of regional variation relative to resting baseline metabolism on cognitive and sensory function. The results showed an increase of this regional metabolism variation relative to resting baseline (i.e., 10-30% of increase) in response to sensory and cognitive tasks reflecting a preservation of some specific cognitive and sensory functions in MCS patients.
Regarding patients in locked-in syndrome,brain metabolism levels are closer to normal than VS/UWS patients (Levy et al. 1987). Results from studies by Laureys et al. indicated that no supratentorial cortical areas show significantly lower metabolism in acute and chronic locked-in patients when compared to age-matched healthy subjects (Laureys et al. 2003, 2004a, 2005a). However, the global brain metabolism is not directly correlated with the level of consciousness. A recovery from VS/UWS does not always imply substantial changes in global brain metabolism (Laureys et al. 1999b). Moreover, some healthy subjects show metabolic rates of glucose comparable to VS/UWS patients (Laureys 2005). Those results suggest that some brain areas are more important for the emergence of consciousness than others (Laureys et al. 1999b, 2000c, 2004a). Studies on regional brain metabolism were performed to identify areas specifically involved in loss of consciousness, comparing brain metabolism of VS/UWS and MCS patients with age-matched healthy subjects. Results highlighted a widespread impairment of the frontoparietal network, encompassing midline (i.e., anterior cingulate cortex (ACC)/mesiofrontal and posterior cingulate cortex (PCC)/precuneus) and lateral (i.e., prefrontal and posterior parietal) associative cortices being associated with a decreased level of consciousness (Laureys et al. 1999a, b; Beuthien-Baumann et al. 2003; Juengling et al. 2005; Nakayama et al. 2006; Lull et al. 2010; Silva et al. 2010; Bruno et al. 2012; Thibaut et al. 2012). Preserved areas were the midbrain and brainstem structures, known to be involved in autonomous functions such as sleep-wake cycles, thermoregulation, and respiration (Laureys et al. 2002a). Moreover, functional connectivity studies also highlighted a cortico-cortical (Laureys et al. 1999a, 2000b, 2002b) and thalamocortical (Laureys et al. 2000b) disconnection syndrome in VS/UWS patients. A recent study showed that a cortico-thalamo-cortical hypometabolism seems to be correlated with less favorable outcome (Garcia-Panach et al. 2011). These observations led to the hypothesis that consciousness is an emergent property of frontoparietal functional connectivity (Baars et al. 2003; Laureys 2005). 
A clinical trial (Giacino et al. 2012) has shown effects of amantadine, a mixed noradrenergic and dopaminergic agonist, toward improving the speed of recovery from disorders of consciousness. A case study reported by Schnakers et al. highlighted effects on brain metabolism of the drug, in a widespread fronto-temporo-parietal network and the sensorimotor area (Schnakers et al. 2008). These data suggest a modulation of polymodal associative cortical metabolism and motor function by amantadine. Alongside, they underline the behavioral improvements associated with amantadine treatment (e.g., recovery of command following). Within this frontoparietal network, the precuneus seems to be a critical region (Vogt and Laureys 2005). This area is the most active in conscious resting states (Raichle and Snyder 2007) and seems to be the most widely impaired in patients with disorders of consciousness (Laureys et al. 2005b). Studies, based on the mesocircuit hypothesis (Schiff et al. 2010), investigated the effect of zolpidem in DOC patients (Whyte and Myers 2009). Indeed, in rare cases, this non benzodiazepine agent usually used to treat insomnia (Langtry and Benfield 1990, Sanger 2004) results in a paradoxical increase in responsiveness at bedside (Clauss and Nel 2006, Shames and Ring 2008). A case study using FDG-PET was performed in three zolpidem responders that were MCS and showed an increased metabolism in the dorsolateral prefrontal and mesiofrontal cortices following zolpidem administration (Chatelle et al. 2014). According to the mesocircuit hypothesis, zolpidem could increase thalamic activity by disinhibiting the globus pallidus interna and thereby restoring thalamo-cortical connectivity, preferentially with the prefrontal cortex, and thus, induce increase in prefrontal activity. After zolpidem intake, an impaired brain metabolism was observed in the thalami and the left precuneus/posterior cingulated. These impaired brain areas did not show structural lesions, suggesting that neurologic deficits in responders is not due to brain lesions in these areas but could rather be linked to an inhibitory functional effect of the fronto-thalamic connectivity.
A study on traumatic brain-injured patients found a hypometabolism in the ACC and PCC, the medial frontobasal regions, and the thalamus. The metabolism in these regions was mostly impaired in VS/UWS patients compared to MCS. Moreover, hypometabolism was more widespread and prominent in the MCS group as compared to patients who had emerged from the MCS (Nakayama et al. 2006). Within this network, it seems possible to distinguish areas involved in external (related to external/sensory awareness) or internal consciousness (related to internal/self-awareness) (Laureys et al. 1999a; Tian et al. 2007; Boly et al. 2008b; Vanhaudenhuyse et al. 2011). These results demonstrated that both external (encompassing lateral frontoparietal cortices) and internal (midline areas) networks were impaired in VS/UWS patients, while MCS patients only had decreased metabolism in the internal network, even less affected in patients emerging from the MCS (Thibaut et al. 2012).
Cerebral PET imaging has also been employed to disentangle reflexive from nonreflexive movements. International guidelines seem to disagree whether visual fixation is compatible with the diagnosis of VS/UWS (i.e., automatic subcortical process (Royal College of Physicians 2003)) or is a sufficient sign of awareness by mandating a higher-order cortical processing (Giacino et al. 2002). It was shown that anoxic VS/UWS patients with or without visual fixation presented identical brain metabolism and cortico-cortical functional disconnections, indicating that visual fixation does not necessarily reflect awareness in anoxic patients (Bruno et al. 2010). PET scan was also used to explore other cognitive dysfunctions, such as aphasia, which could induce an underestimation of cognitive capabilities of patients with disorders of consciousness. A study by Majerus and collaborators highlights that brain metabolism in language-processing regions (left superior, middle, and inferior temporal gyri, left inferior frontal gyrus, and the right inferior temporal gyri) was shown to be particularly impaired in MCS patients whatever the etiology (Majerus et al. 2009), suggesting that a significant part of this population could suffer from language disorders such as aphasia. It was further investigated whether the differences in brain metabolism supported the subcategorization of the MCS into MCS- and MCS + (Bruno et al. 2012). Patients in MCS + showed a higher cerebral metabolism in left-sided cortical areas encompassing the language network, premotor, pre-supplementary motor, and sensorimotor cortices as compared to patients in MCS- (Fig. 46.1). FDG-PET studies also allow development of machine-learning classifiers for clinical use, by automatic assessment of the functional integrity in this frontoparietal network and calculation of a probability for a patient to be conscious or not (Phillips et al. 2011). The development of automated methods could help in the future to improve the accuracy of the diagnosis of these patients on a single-subject level. 
Recently, several studies focused on the use of multimodal assessment to improve diagnostic precision in DOC patients (Table. 46.1). Indeed, transcranial magnetic stimulation combined with electroencephalography (i.e., TMS-EEG; Bodart et al. 2017) and P3-based on brain computer interface (Annen et al. 2016) showed good congruence with FDG-PET diagnosis. The combined use of FDG-PET and these techniques seems to be a reliable way to increase diagnostic accuracy in DOC patients. In the first case, TMS-EEG could be used to assess the effective connectivity of cortical neurons in patients for whom an accurate diagnosis is needed for important clinical decisions (Bodart et al. 2017). In the second case, P3-based brain computer interface (BCI) paradigm allows the identification of patients with “covert command following” (i.e., presenting an appropriate cortical activation – measured by EEG – in response to a command, without being able to respond to command at the bedside). PET images of these patients with “covert command following” showed a higher glucose metabolism in brain regions involved in language and a good agreement with the diagnosis of MCS (Annen et al 2018). The use of resting state functional magnetic resonance imaging (i.e., fMRI) as a complementary technique has also been investigated in several recent studies. A study comparing functional MRI neuronal activity maps and FDG-PET cerebral metabolic maps found a high correlation between these two techniques. Results suggest that resting state fMRI maps could allow the estimation of relative levels of FDG-PET metabolic activity and could be useful for clinical centers with no FDG-PET (Soddu et al. 2015). Other studies investigated the relationship between functional brain activity and structural connectivity in DOC patients by combining FDG-PET and fMRI. The results showed an association between functional metabolism (i.e., the inferior-parietal, precuneus, and frontal regions) and structural integrity of the default mode network (i.e., DMN including frontal-inferior parietal, precuneus-inferior parietal, thalamo-inferior parietal, and thalamofrontal tracts) (Annen et al. 2016, Di Perri et al. 2016). Even if FDG-PET seems to have a better diagnostic precision than mental imagery fMRI, this last one could be a good complement when further investigation about preserved cognitive abilities is needed (Stender et al. 2014). A recent case-series using simultaneously EEG-PET-fMRI techniques confirmed that the use of multimodal assessment could improve diagnosis and prognosis of DOC patients (Golkowski et al. 2017). Multimodal assessment could also help for the management of pharmaceutical and non-pharmacological treatment trials such as amantadine, zolpidem and apomorphine or tDCS and DBS, and to assess the effect of such therapeutic interventions on brain activity of DOC patients (Table. 46.1) (Lemaire et al. 2018, Sanz et al. 2019, Schnakers et al. 2008, for a review see Thibaut et al. 2019). 
46.3.2. Measuring the Brain During Sensory Stimulation
Since the 1990s, functional neuroimaging studies have investigated regional increases in rCBF in response to passive external stimulation (auditory, visual, or somatosensory) using 15O-labeled water PET (see Table 46.3). The first studies on brain metabolism in VS/UWS patients during sensory stimulation found a residual subcortical neural activation but also gray matter region activation encompassing primary auditory (De Jong et al. 1997; Laureys et al. 2000a; Owen et al. 2002; Schiff et al. 2002; Boly et al. 2004), somatosensory (Laureys et al. 2002b; Boly et al. 2008a), or visual cortices (Menon et al. 1998; Giacino et al. 2006), depending on the stimulation. However, these studies also highlighted a functional disconnection from associative cortical areas encompassing ACC, insular, prefrontal, and posterior parietal cortices areas reported to be necessary for awareness (Schiff et al. 2002). These results suggest that brain processing following a stimulus is insufficient to induce a conscious integration of the stimulation in VS/UWS population (Laureys et al. 1999a, 2002b; Boly et al. 2004). In contrast, brain activation and connectivity was significantly higher in MCS than in VS/UWS patients following an auditory stimulus, suggesting that MCS patients can reach a certain level of sensory and affective perception (Boly et al. 2004). Other studies investigated the impact of an emotional auditory stimulus, such as the voice of a relative or the patients’ own name. These studies demonstrated that emotional stimuli in MCS, as compared to VS/UWS, induced a higher level of activation in the internal network (i.e., ACC/mesiofrontal and PCC/precuneus) areas known to be involved in self-awareness (Laureys and Boly 2007). Modification of blood flow in response to different auditory relevant modalities, such as meaningful stories told by a relative (Bekinschtein et al. 2004) or self-referential stimuli (i.e., patients’ own name) (Laureys 2004; Qin et al. 2010), also showed an activation within this network. Moreover, a linear correlation between the level of consciousness and activation of the ACC in MCS patients was identified (Qin et al. 2010). These results suggest a relative preservation of emotional perception in MCS, as compared to VS/UWS.
Differential pain sensitivity – a matter with important ethical implications – was investigated using PET imaging during nociceptive stimulation. Boly et al. reported an activation and preservation of the connectivity within the “pain matrix” in MCS patients, including ACC and insular areas, thought to be important in the affective emotional perception of pain (Kupers et al. 2005; Boly et al. 2008a). These observations should encourage physicians to systematically use analgesic treatment in MCS, even if (by definition) they cannot communicate their feelings (Demertzi et al. 2009; Demertzi et al. 2013; Schnakers et al. 2012). However, these neuroimaging data are shown at the group level and should be used with caution regarding clinical or ethical decisions at the single level.
46.4. PET Scan and Sleep
[bookmark: _GoBack]Normal sleep can be considered as a physiological state of reduction of consciousness. It is characterized by the absence of arousal and different stages of awareness – from alteration (rapid eye movement sleep, REMS) to loss of awareness (slow waves sleep, SWS). Slow wave activity is a part of non rapid eye movement sleep (NREMS). During NREMS a decrease of cerebral blood flow and glucose metabolism is observed in regions involved in cognitive, affective, and arousal system (Braun et al. 1997, Buchsbaum et al. 2001, Nofzinger et al. 2002). A recent study in young and middle age (i.e., range from 25 to 61 years old) healthy adults showed that greater encephalographic slow wave activity during NREMS was related to a greater prefrontal metabolic rate during wakefulness, suggesting that neural synchrony underlying slow wave activity leads to the restoration of waking function (Wilckens et al. 2016). In contrast, age was related to a lower semi-quantitative whole brain metabolism and superior frontal metabolism during wakefulness but this effect was moderated by the presence of slow wave activity. During SWS overall brain metabolism decreases to approximately 60 % of normal waking values (Maquet et al. 1997), whereas in REMS, metabolism returns to nearly normal waking values (Maquet 2000) (Table 46.4, Fig. 46.2). Further studies have investigated the related changes to regional brain metabolism and highlighted cerebral deactivations in a wide frontoparietal network encompassing the polymodal associative cortices, bilateral frontal regions, parietotemporal and posterior parietal areas, PCC, and mesiofrontal and precuneal cortices, while primary sensory cortices were still active (Maquet et al. 1996; Braun et al. 1997; Maquet et al. 1997; Nofzinger et al. 2002). These frontoparietal associative cortical areas are called the “default mode network” and were shown to be mostly active in resting non-stimulated waking conditions in a functional magnetic resonance imaging study (Raichle and Mintun 2006). This network is known to be important in various functions relating to consciousness, such as attention, memory, and language (Baars et al. 2003), and its deactivation could explain the alteration of consciousness during SWS. FDG-PET studies on patients with insomnia confirmed the importance of these regions in sleep regulation. Indeed, a recent study aimed to compare regional cerebral metabolic rate of glucose in patients with insomnia and good sleepers. In good sleepers, the greater NREMS vs. wake differences were observed in the cerebellum, the prefrontal and parietal cortices. Compared to good sleepers, patients with insomnia also showed a smaller  glucose metabolism difference during NREMS and wakefulness in regions involved in conscious awareness (i.e., left frontoparietal, the left middle frontal cortices, the precuneus/posterior cingulate, and the fusiform gyri). This smaller NREMS vs. wake difference could reflect a greater metabolic rate of glucose during NREMS that could explain a hyperarousal during sleep leading to insomnia (Kay et al. 2016). Another FDG-PET study investigated the impact of acute sleep deprivation on cerebral glucose metabolism during NREMS in people with insomnia and good sleepers. In good sleepers, sleep restriction leads to a decrease of whole-brain glucose metabolism during recovery of NREMS (i.e., after one night of sleep restriction) compared to baseline NREMS. In people with insomnia no change in glucose metabolism was observed at the whole-brain level but there was a decrease of regional glucose metabolism in the left hemisphere and the DMN (left frontoparietal cortex, right precuneus/posterior cingulate cortex, and right lingual/fusiform gyri). These results suggest that sleep deprivation, by reducing brain activity in regions involved in consciouss awareness, could improve quality of sleep in people with insomnia (Kay et al. 2019). Dang-Vu et al. investigated the neural correlates of delta activity during SWS (Dang-Vu et al. 2005). The analysis characterized the cerebral correlates of delta waves (between 0 and 4 Hz; registered by electroencephalography) in areas where rCBF decreases during SWS (Maquet et al. 1997). An association was observed between rCBF in the ventromedial prefrontal regions and delta power. However, no correlation was observed with the thalamus, highlighting the importance of an extra-thalamic delta rhythm among the synchronous SWS oscillations. Therefore, rCBF could be a reflection of the cellular processes involved in cortical delta waves during SWS. These results confirm the frontal predominance of slow wave activity during human SWS, as demonstrated by scalp electroencephalography studies (Finelli et al. 2001). On the other hand, activity in the thalamus seems to be negatively correlated with the rCBF during SWS (Hofle et al. 1997). This negative correlation may reflect the neural substrates underlying the progressive decrease of sensory awareness, motor responsiveness, and arousal that occur during SWS. Nevertheless, specific areas were found less activated, such as frontal and parietal areas encompassing the PCC, dorsolateral prefrontal and inferior parietal cortices, and precuneus (Maquet et al. 1996; Braun et al. 1997; Maquet et al. 2005). Significant increases in rCBF were found in the pontine tegmentum, thalamus, basal forebrain, amygdala, hippocampus, and the ACC (Maquet et al. 1996; Braun et al. 1997). An activation of posterior cortices (i.e., temporo-occipital areas) and a modification in connectivity in this network were also observed (Braun et al. 1998). These studies could explain the relationship between consciousness during REMS and regional patterns of brain hypometabolism in the frontal and parietal areas and the precuneus/PCC, areas known to be involved in internal and external consciousness (Laureys et al. 1999a; Boly et al. 2008b; Vanhaudenhuyse et al. 2011). Metabolic increases in regions such as the pontine tegmentum, thalamic nuclei, and limbic areas might correlate with some features of cognition, as reflected in dream reports (Maquet et al. 2005).

Fig. 46.2 Mean decrease in global cerebral metabolism (in percentage of normal conscious waking values) in pathological (brain death, vegetative state/unresponsive wakefulness syndrome, minimally conscious state) and physiological (sleep – slow wave and rapid eye movement sleeps) altered states of consciousness (Adapted from Laureys et al. (2004a) and Maquet (2000))
Functional neuroimaging has offered an increasingly refined description of brain activity across the sleep-wake cycle, from regional patterns of sleep stages to transient activations during sleep oscillations. Reports using PET demonstrated a specialized network of deactivated brain areas during SWS (i.e., ACC, thalamus, frontal and parietal association areas) and activated/deactivated structures (i.e., decrease in frontal and parietal areas and PCC/precuneus; activation of pontine tegmentum, thalamus, basal forebrain, amygdale, hippocampus, and ACC) during REMS.
46.5. PET Scan and Hypnosis
In 1994, hypnosis was defined as “a procedure during which a health professional or researcher suggests that a patient or subject experiences changes in sensations, perceptions, thoughts, or behavior” (The Executive Committee of the American Psychological Association – Division of Psychological Hypnosis 1994). However, this definition was criticized as being too long and presenting a theoretical limitation (i.e., concept such as “state” and “self hypnosis” was not mentioned and the use of hypnosis in hospital does not appear in the list of application). Eventually, hypnosis has been redefined in 2014 as “a state of consciousness involving focused attention and reduced peripheral awareness characterized by an enhanced capacity for response to suggestion.” (Elkins et al. 2015) This procedure induces an altered state of awareness which could be explained by specific cortical changes (i.e., dynamic properties and neural correlates) (Maquet et al. 1999; Rainville et al. 2002; Cardeña et al. 2013). Hypnosis can be considered as an appropriate means to transiently modulate conscious cognition in healthy subjects because it does not lead to general unconsciousness (compared to pharmacological anesthesia or sleep) and does not have long-term effects on neuroplasticity (compared to meditation techniques (Holzel et al. 2008)). Even more, it is well documented to induce an altered conscious state (Oakley and Halligan 2009). The hypnotic process has three main components: absorption, dissociation, and suggestibility (Spiegel 1991). Absorption is the ability to be fully involved in a thought experiment. Dissociation can be defined as the separation of mental behavior that usually goes together (e.g., in the case of dreams where we are at the same time the actor and the observer). This condition can also cause a sensation of driving or uncontrollable feelings of discontinuity of a body part compared to others. Finally, the suggestibility is the ability of the person to comply with the instructions of the professional practicing hypnosis. These processes could diminish the tendency to judge and censor, whereas hypnosis could reduce spontaneous thoughts and give the feeling of one’s own response as automatic (Rainville and Price 2003; Terhune and Cardeña 2010). However, a study showed that individuals do not display a uniform response to a hypnotic induction (Terhune and Cardeña 2010).
It is important to emphasize that people under hypnosis do not lose complete control of their behavior. They are aware of their identity and their actual location, and unless amnesia is induced they keep a souvenir of the experience during the hypnotic process. Another important thing to note is that not all individuals respond to hypnosis. There are low and highly suggestible subjects. A study conducted by Terhune and collaborators (2011) using EEG showed that highly suggestible participants reliably experienced greater state of dissociation and exhibited lower frontoparietal phase synchrony in the α-2 frequency band during hypnosis than low suggestible participants. These findings suggest that highly suggestible individuals exhibit a disruption of the frontoparietal network that is only observable following a hypnotic induction. At the same time, the fact that cerebral responses to hypnosis are different between subjects points to the difficulty of generalizing obtained results.
Hypnosis has for many years been used, among other things, in the treatment of both somatic and psychological disorders (such as pain, gastrointestinal and dermatological diseases, depression, anxiety, stress, and addictions). In addition to its clinical application, the study of hypnosis is thought to provide leverage to investigate not only the contents of consciousness but also the neural correlates of its background states. Functional neuroimaging studies have been performed as a means of investigation of the phenomenon, mainly using PET imaging. The earliest studies found a modulation of ACC activity and highlighted changes in connectivity between ACC and prefrontal areas during hypnosis (Maquet et al. 1999; Faymonville et al. 2003, 2006) and hypnotic suggestion (Rainville et al. 1997, 1999b; Hofbauer et al. 2001). The activation in the ACC could reflect the attentional effort necessary for the subject to internally generate mental imagery, while the connectivity between ACC and prefrontal areas may indicate a modification in distributed associative processes of cognitive appraisal, attention, or memory of perceived noxious stimuli (Rainville et al. 1997, 1999a; Faymonville et al. 2000; Hofbauer et al. 2001; Rainville et al. 2002).
Mental imagery appears to play a role in hypnosis. This notion is supported by the activation of the occipital and temporal cortices, precuneus, and other extrastriate visual areas during hypnotic state and hypnotic suggestion, which account for the altered perception of reality (Maquet 1999; Rainville et al. 1999b; Faymonville et al. 2006). This is further stressed by the fact that motor commands are processed differently than in the normal conscious state, with activity deviating toward the precuneus and extrastriate visual areas (Casale et al. 2012). After induction of a hypotonic state, an increase in rCBF was observed in the ACC, the thalami, and the mesencephalic brainstem, while brain metabolism decreased in the precuneus, the parietal lobule, and the posterior temporal cortex (Rainville et al. 2002). The hypometabolism of the precuneus during hypnosis supports the correlation between awareness and precuneal integration. The induction of a hypotonic state produced the expected increases in both mental relaxation and absorption. Regression analyses between rCBF and self-ratings confirm the hypothesized involvement of the ACC, the thalamus, and the pontomesencephalic brainstem in the generation of hypnotic states. Hypnotic relaxation further involved an increase in occipital rCBF, consistent with previous interpretation that hypnotic states are characterized by a decrease in cortical arousal and a reduction in cross-modality suppression (disinhibition). In contrast, increases in mental absorption during hypnotic state were associated with rCBF increases in a distributed network of cortical and subcortical structures described as the brain’s attentional system (Rainville et al. 2002).
Because of its analgesic effects, hypnosis is increasingly used in anesthesia for several minor surgeries (such as scar correction, tooth extraction, thyroidal lobectomy, or face lifting) (Vanhaudenhuyse et al. 2008). This technique is called hypnosedation. Neuroimaging – especially PET studies – was conducted trying to understand the mechanisms underlying the anesthetic effects of hypnosis. The results showed an activation of a widespread set of cortical areas involving occipital, parietal, precentral, premotor, and ventrolateral, as well as the ACC and the prefrontal cortex during hypnotic state (Rainville et al. 1997; Faymonville et al. 2000; Hofbauer et al. 2001; Faymonville et al. 2003, 2006). The ACC is known to be involved in interaction processes between cognitive and emotional perceptions related to changes in attentional and emotional states (Devinsky et al. 1995; Bush et al. 2000). Decrease in pain perception during hypnosedation was shown to be related to increases in connectivity between ACC and a large neural cortical and subcortical network, known to be involved in pain perception and integration (i.e., prefrontal cortex, supplementary and premotor area, insula, striatum, thalamus, and brainstem) (Faymonville et al. 2006). These changes in connectivity between the ACC and prefrontal brain regions induced by hypnosis might reflect a change in the associative processes of judgment, attention, or memory of perceived nociceptive stimuli. In contrast with these studies, Derbyshire and collaborators used hypnosis to induce pain (Derbyshire et al. 2004). They found that both real pain-heating stimuli and hypnosis-induced pain experience modulated the activity within the thalamus, ACC, insula, and prefrontal and parietal cortices. This study showed that hypnosis is able to induce cerebral activations as real pain stimuli.
PET studies highlighted an activation of a widespread set of cortical areas involving ACC and occipital, parietal, precentral, premotor, and ventrolateral prefrontal cortices related to the hypnotic state (Table 46.546.4). This pattern of activation shares some similarities with mental imagery tasks, from which it mainly differs by the relative deactivation of precuneus. This deactivation could explain the alteration of awareness induced by hypnosis. Indeed, hypometabolism of the precuneus seems to be highly correlated with modified state of consciousness (Maquet et al. 1996; Braun et al. 1997; Laureys et al. 1999a, b; Maquet et al. 2005; Vogt and Laureys, 2005). Nevertheless, results could be confounded, because of the differences between high and low suggestible individuals in terms of neuronal processus underlying hypnosis induction. Comparing the brain activation patterns associated with the analgesic effect of hypnosis and the resting state, a reduction of affective and sensory responses to noxious stimulation was found, which is modulated by the activity in the midcingulate cortex and especially the ACC.
46.6. Conclusion
Recent advances in functional neuroimaging techniques are beginning to open the black box of altered consciousness. PET studies facilitate a better understanding of the mechanisms underlying the altered state of consciousness and highlight the involvement of specific neural areas and networks in pathologically altered states of consciousness (VS/UWS and MCS), in sleep and under hypnosis. Results from several studies point to the importance of the precuneus and cingulate cortices in altered states of consciousness in all of these conditions. Clinically, these findings may prove important in facilitating precise differential diagnostic tools to distinguish low levels of awareness in unresponsive patient populations. Currently, FDG-PET is the most robust paraclinical technique for differential diagnosis in DOC patients. However, the use and the development of multimodal assessment could be a good complement for the examination/diagnosis and management of this sensitive population. Taken together, the frontoparietal network which is hypometabolic during SWS and mostly impaired in patients with disorders of consciousness – but not during REMS or hypnosis – could reflect the preservation of brain activity in correlation with different brain processes such as dreaming, memory consolidation (sleep), or motor imagery (hypnosis).
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