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The presence of sleep-wakefulness cycles is one of the main
clinical symptoms marking the transition from coma to chronic
disorders of consciousness (DoC). That is, eyes of coma patients
are regularly closed while eyes of DoC patients are sometimes
closed, sometimes opened. But does it mean that they really sleep?
Landsness et al. (2011) published a broadly cited study in which
they reported that only one group of DoC patients (those with
the diagnosis of Minimally Conscious State, or MCS: Giacino
et al., 2002) slept in the exact physiological sense of this term,
i.e., they had regular circadian changes of EEG, electrooculogram
(EOG), and muscle tone similar (though not identical) to those of
healthy humans. Another DoC group with the diagnosis Unrespon-
sive Wakefulness Syndrome (UWS; syn. Vegetative State: Laureys
et al., 2010) had, in contrast, nothing more than the simplest
behavioral sign of opening and closing their eyes, but no sleep-like
dynamics of neurophysiological parameters.

Although based on a small patient sample, the publication by
Landsness et al. (2011) elicited a strong resonance. Circadian
rhythms belong to the most basic physiological functions underly-
ing behavior of all mammals. There is a running discussion around
the question, to what degree UWS patients still possess residual
cognitive capabilities. The answers to this question vary from
‘‘none” to ‘‘a large set of cognitive functions including semantic
processing and sometimes even subjective awareness”. If the result
is generalizable that UWS patients do not have even elementary
circadian rhythmic activity, then the search for higher-level cogni-
tive processing in these patients would obviously be futile, and the
data seemingly indicating such high-level processing could be sus-
pected as artifacts. The UWS patients themselves, whose circula-
tion and respiration systems are regularly working, would in this
case be regarded as ‘‘biological heart-lung machines” rather than
human (or even animal) beings. This view would have huge conse-
quences from both medical and ethical points of view.

Happily, for patients and their families, the claim of Landsness
et al. (2011), like many sensational claims about UWS, could not
be replicated in subsequent studies. Among others, Arnaldi et al.
(2015), Cologan et al. (2013) and Forgacs et al. (2014) found in
the EEG of UWS patients various sleep components such as
K-complexes, Slow Oscillations and REM-sleep (for an interim
summary, see Table 1 in Pavlov et al., 2017). At present, we know
exactly that (i) both UWS and MCS patients do sleep but (ii) their
sleep is clearly abnormal, and probably more abnormal in UWS
than MCS. This is not very much, however! We do not know how
these sleep components are represented in DoC patients’ sleep;
we do not know the exact extent of their deviation from normal
sleep, and a fortiori we do not know the functional meaning of
these deviations. We do not even know why sleep in patients with
severe brain lesions is abnormal. Is it so due to the lesions, or
rather, due to ‘‘external” factors such as the continuous light and
sound disturbances in the clinics, pain, prophylactic interventions
(which are also necessary at night time), immobility etc.?

The severe abnormality of DoC patients’ sleep is the main rea-
son of the lacking answers to many questions. Standard sleep eval-
uation criteria like those of Rechtschaffen and Kales (1968) or Iber
et al. (2007) cannot be applied to these pathological sleep patterns
without adjustment. Alternative (always simplified) scoring crite-
ria for severely brain injured patients (e.g., Valente et al., 2002)
do not allow a detailed analysis of sleep stages and sleep compo-
nents, and methods of ‘‘blind” mathematical analysis of EEG sleep
data (e.g., Wislowska et al., 2017) may yield uninterpretable results
and can substantially complement but not substitute expert con-
sensus (e.g., Warby et al., 2014).

Another important point is that due to the specific life schedule
in intensive care units and rehabilitation hospitals patients have
enough opportunities to sleep during the daytime, which can
strongly affect their night sleep. Therefore, standard polysomno-
graphic recordings over the night hours (e.g., Wislowska et al.,
2017; Pavlov et al., 2017) are not very informative as far as we
do not know how awake the patients were on the preceding day.

The publication of Sebastiano et al. in this issue of Clinical
Neurophysiology marks a new step in the study of the circadian
activity in DoC (Sebastiano et al., 2018). The authors recorded
polysomnography (PSG) during 19 h (2 p.m. to 9 a.m.) on a repre-
sentative sample of ninety-one chronic (several years after the
accident) DoC patients. Two experienced neurophysiologists evalu-
ated PSG traces independently of each other, and were blinded
concerning the diagnosis. After consensus discussion, interrater
agreement could be attained for 95.2% of all evaluated 30-s epochs.

Circadian EEG changes were observed in all UWS (n = 55) and
MCS (n = 36) patients. However, in 19 UWS patients the changes
were limited to mere periodic amplitude changes with lower
amplitudes during sleep episodes as compared to wakefulness.
Non-REM sleep stage 2 was observed in most UWS patients –
and in all except one MCS patients. Slow Wave Sleep was found
in some 30% of UWS patients and in 86% of MCS patients. REM
sleep was present in about 50% of the patients, slightly but not
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significantly more frequently in MCS than UWS. Both UWS and
MCS patients were characterized by frequent awakenings and
highly fragmentary sleep. The time of non-REM sleep (stage 2
and Slow Wave Sleep) was strongly and positively related to
patients’ neuropsychological status, as measured by the Coma
Recovery Scale-revised (CRS-r: Giacino et al., 2004).

Why are these data important? Firstly, they show the hetero-
geneity of the UWS population that consists of at least two clearly
different subgroups with distinct electrophysiological signs (see
Kotchoubey, 2005; Kotchoubey et al., 2005). Whereas the hetero-
geneity of MCS population has been recognized before (Bruno
et al., 2011), UWS patients are still frequently regarded as being
‘‘all similar”, which is obviously wrong. Secondly, patients in a bet-
ter clinical condition were characterized by longer episodes of dis-
tinct non-REM sleep as compared with patients in a more severe
condition. Also, the number of sleep spindles was larger in the for-
mer than in the latter. This finding is particularly intriguing given
the fact that non-REM sleep, and particularly spindle activity, plays
a vital role in the consolidation of memory traces, thus building a
skeleton of the entire cognitive system (Diekelmann and Born,
2010; Rasch and Born, 2013).

What, however, is the cause and what is the effect in the latter
correlation? At first glance, it appears that more benign brain
lesions may determine both positive sleep patterns and less severe
neuropsychological deficits, as compared with more severe brain
lesions. But it is also plausible that the preserved oscillatory com-
ponents of the non-REM sleep promote learning and acquisition of
new information, thereby contributing to healthier responses to
CRS-R test. Of course, both causal chains can coexist and interplay,
and the available data do not permit to disentangle this interaction.
Further studies with equally representative DoC samples are nec-
essary, which would, firstly, comprise the entire 24 h cycle, sec-
ondly, describe the exact distribution of sleep components over
this time, and thirdly, compare sleep patterns not only with the
actual patients’ state but also with their later clinical outcome.

Conflict of interest

The authors declare no conflict of interest.

Acknowledgements

The paper was funded by the German Research Society
(Deutsche Forschungsgemeinschaft, DFG).

References

Arnaldi D, Terzaghi M, Cremascoli R, De Carli F, Maggioni G, Pistarini C, et al. The
prognostic value of sleep patterns in disorders of consciousness in the sub-acute
phase. Clin Neurophysiol 2015;127:1445–51.

Bruno MA, Vanhaudenhuyse A, Thibaut A, Moonen G, Laureys S. From unresponsive
wakefulness to minimally conscious PLUS and functional locked-in syndromes:
recent advances in our understanding of disorders of consciousness. J Neurol
2011;258:1373–84.
Cologan V, Drouot X, Parapatics S, Delorme A, Gruber G, Moonen G, et al. Sleep in
the unresponsive wakefulness syndrome and minimally conscious state. J
Neurotrauma 2013;30:339–46.

Diekelmann S, Born J. The memory function of sleep. Nat Rev Neurosci
2010;11:114–26.

Forgacs PB, Conte MM, Fridman EA, Voss HU, Victor JD, Schiff ND. Preservation of
EEG organization in patients with impaired consciousness and imaging-based
evidence of command-following. Ann Neurol 2014;76:869–79.

Giacino JT, Ashwal S, Childs N, Cranford R, Jennett B, Katz DI, et al. The minimally
conscious state: definition and diagnostic criteria. Neurology 2002;58:349–53.

Giacino JT, Kalmar K, White J. The JFK Coma Recovery Scale-Revised: measurement
characteristics and diagnostic utility. Arch Phys Med Rehabil 2004;85:2020–9.

Iber C, Ancoli-Israel S, Chesson Jr AL, Quan SF. The AASM manual for the scoring of
sleep and associated events: rules, terminology and technical specifications. 1st
ed. Westchester, IL: American Academy of Sleep Medicine; 2007.

Kotchoubey B. Apallic syndrome is not apallic – is vegetative state vegetative?
Neuropsychol Rehabil 2005;15:333–56.

Kotchoubey B, Lang S, Mezger G, Schmalohr D, Schneck M, Semmler A, et al.
Information processing in severe disorders of consciousness: vegetative state
and minimally conscious state. Clin Neurophysiol 2005;116:2441–53.

Landsness E, Bruno MA, Noirhomme Q, Riedner B, Gosseries O, Schnakers C, et al.
Electrophysiological correlates of behavioural changes in vigilance in vegetative
state and minimally conscious state. Brain 2011;134:2222–32.

Laureys S, Celesia GG, Cohadon F, Lavrijsen J, León-Carrión J, Sannita WG, et al.
Unresponsive wakefulness syndrome: a new name for the vegetative state or
apallic syndrome? BMC Med 2010;8:68.

Pavlov YG, Gais S, Mueller F, Schoenauer M, Schaepers B, Born J, et al. Night sleep in
patients with vegetative state. J Sleep Res 2017;26:629–40.

Rasch B, Born J. About sleep’s role in memory. Physiol Rev 2013;93:681–766.
Rechtschaffen A, Kales A. A manual of standardized terminology, techniques and

scoring system of sleep stages in human subjects. Los Angeles: Brain
Information Service/Brain Research Institute, University of California; 1968.

Sebastiano DR, Visani E, Panzica F, Sattin D, Bersano A, Nigri A, et al. Sleep patterns
associated with the severity of impairment in a large cohort of patients with
chronic disorders of consciousness. Clin Neurophysiol 2018 [this issue].

Valente M, Placidi F, Oliveira AJ, Bigagli A, Morghen I, Proietti R, et al. Sleep
organization pattern as a prognostic marker at the subacute stage of post-
traumatic coma. Clin Neurophysiol 2002;113:1798–805.

Warby SC, Wendt SL, Welinder P, Munk EG, Carrillo O, Sorensen HB, et al. Sleep
spindle detection: crowdsourcing and evaluating performance of experts, non-
experts, and automated methods. Nat Meth 2014;11:385–92.

Wislowska M, del Giudice R, Lechinger J, Wielek T, Heib DP, Pitiot A, et al. Night and
day variations of sleep in patients with disorders of consciousness. Sci Rep
2017;7:266.

B. Kotchoubey⇑
Institute of Medical Psychology and Behavioral Neurobiology,

University of Tübingen, Germany
⇑ Corresponding author at: Institute of Medical Psychology and

Behavioral Neurobiology, University of Tübingen,
Silcherstr. 5, 72076 Tübingen, Germany.

E-mail address: boris.kotchoubey@uni-tuebingen.de

Y.G. Pavlov
Institute of Medical Psychology and Behavioral Neurobiology,

University of Tübingen, Germany

Department of Psychology, Ural Federal University,
Yekaterinburg, Russia

Accepted 4 January 2018

http://refhub.elsevier.com/S1388-2457(18)30021-X/h0005
http://refhub.elsevier.com/S1388-2457(18)30021-X/h0005
http://refhub.elsevier.com/S1388-2457(18)30021-X/h0005
http://refhub.elsevier.com/S1388-2457(18)30021-X/h0010
http://refhub.elsevier.com/S1388-2457(18)30021-X/h0010
http://refhub.elsevier.com/S1388-2457(18)30021-X/h0010
http://refhub.elsevier.com/S1388-2457(18)30021-X/h0010
http://refhub.elsevier.com/S1388-2457(18)30021-X/h0015
http://refhub.elsevier.com/S1388-2457(18)30021-X/h0015
http://refhub.elsevier.com/S1388-2457(18)30021-X/h0015
http://refhub.elsevier.com/S1388-2457(18)30021-X/h0020
http://refhub.elsevier.com/S1388-2457(18)30021-X/h0020
http://refhub.elsevier.com/S1388-2457(18)30021-X/h0025
http://refhub.elsevier.com/S1388-2457(18)30021-X/h0025
http://refhub.elsevier.com/S1388-2457(18)30021-X/h0025
http://refhub.elsevier.com/S1388-2457(18)30021-X/h0030
http://refhub.elsevier.com/S1388-2457(18)30021-X/h0030
http://refhub.elsevier.com/S1388-2457(18)30021-X/h0035
http://refhub.elsevier.com/S1388-2457(18)30021-X/h0035
http://refhub.elsevier.com/S1388-2457(18)30021-X/h0040
http://refhub.elsevier.com/S1388-2457(18)30021-X/h0040
http://refhub.elsevier.com/S1388-2457(18)30021-X/h0040
http://refhub.elsevier.com/S1388-2457(18)30021-X/h0045
http://refhub.elsevier.com/S1388-2457(18)30021-X/h0045
http://refhub.elsevier.com/S1388-2457(18)30021-X/h0050
http://refhub.elsevier.com/S1388-2457(18)30021-X/h0050
http://refhub.elsevier.com/S1388-2457(18)30021-X/h0050
http://refhub.elsevier.com/S1388-2457(18)30021-X/h0055
http://refhub.elsevier.com/S1388-2457(18)30021-X/h0055
http://refhub.elsevier.com/S1388-2457(18)30021-X/h0055
http://refhub.elsevier.com/S1388-2457(18)30021-X/h0060
http://refhub.elsevier.com/S1388-2457(18)30021-X/h0060
http://refhub.elsevier.com/S1388-2457(18)30021-X/h0060
http://refhub.elsevier.com/S1388-2457(18)30021-X/h0065
http://refhub.elsevier.com/S1388-2457(18)30021-X/h0065
http://refhub.elsevier.com/S1388-2457(18)30021-X/h0070
http://refhub.elsevier.com/S1388-2457(18)30021-X/h0075
http://refhub.elsevier.com/S1388-2457(18)30021-X/h0075
http://refhub.elsevier.com/S1388-2457(18)30021-X/h0075
http://refhub.elsevier.com/S1388-2457(18)30021-X/h0085
http://refhub.elsevier.com/S1388-2457(18)30021-X/h0085
http://refhub.elsevier.com/S1388-2457(18)30021-X/h0085
http://refhub.elsevier.com/S1388-2457(18)30021-X/h0090
http://refhub.elsevier.com/S1388-2457(18)30021-X/h0090
http://refhub.elsevier.com/S1388-2457(18)30021-X/h0090
http://refhub.elsevier.com/S1388-2457(18)30021-X/h0095
http://refhub.elsevier.com/S1388-2457(18)30021-X/h0095
http://refhub.elsevier.com/S1388-2457(18)30021-X/h0095
mailto:boris.kotchoubey@uni-tuebingen.de

	Sleep patterns open the window into disorders of consciousness
	Conflict of interest
	Acknowledgements
	References


