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Abstract

In a study by Cruse et al. published in BMC Medicine,
patients with severe brain damage who were in the
Vegetative or Minimally Conscious States (VS or MCS,
respectively) from traumatic and nontraumatic
etiologies had assessments of circadian rhythms using
an actigraph, a device worn on a limb to evaluate
circadian rhythmicity, in this population. This is a
novel approach and is being used as a surrogate for
polysomnography and other reference standards.
Cruse et al. showed more disruption in circadian
rhythms in the VS when compared to the MCS. This
suggests that more brain injury occurs in the areas
that control circadian rhythmicity in VS than in MCS
patients. The study provides opportunities for
improved prognostication and rehabilitation strategies
in this patient population.
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Commentary
Sleep is the golden chain that ties health and our bodies
together. (Thomas Dekker)
The Vegetative and Minimally Conscious States (VS

and MCS, respectively) are severe disorders of con-
sciousness that reflect severe brain dysfunction/damage.
Vegetative patients have preserved vegetative functions
(temperature, hemodynamic and hormonal regulation
and breathing) and are awake (with arousability with eye
opening and sleep-wake cycles) but show no behavioral
evidence of awareness (no eye contact, tracking, obeying
of commands or emotional responses). Minimally con-
scious patients show minimal and limited but definite
evidence of some aspect(s) of awareness, for example,
visual tracking, movements or emotional responses trig-
gered by relevant environmental stimuli, even very

simple command-following or verbalization as isolated
phenomena.
Cruse and colleagues report the results of actigraphy

assessments of circadian sleep-wake rhythms in patients
with VS and MCS in research published in BMC Medi-
cine [1]. They studied patients with traumatic and non-
traumatic brain injury at widely ranging intervals from
the ictus (0 to 290 months). Actigraphy uses a watch-
shaped device that is strapped to the arm and is used to
measure limb movements in sleep as a surrogate for esti-
mating the sleep-wake cycle. The actigraphs (or acti-
meters) can provide patterns of activity that can be used
to outline circadian rhythms [2]. Four distinct aspects of
movement are captured: amplitude, acrophase (the point
in the sleep-wake cycle when activity is maximal), the
mesor (the mean of the rhythm) and a goodness-of-fit
curve to show the robustness of the circadian rhythm.
This methodology has been previously validated by com-
paring the results with standard polysomnography [2].
The principal finding was that as a group VS patients

(n = 18) had more significantly disrupted circadian
rhythms than did MCS patients (n = 37).
There may be theoretical advantages and disadvan-

tages in using actigraphy in this population instead of
reference standards of objective measures, such as for-
mal polysomnography or dim-light melatonin onset, or
subjective measures, such as sleep log [3]. There was
considerable heterogeneity in the anatomy and severity
of the brain damage among the patients. Polysomno-
graphic sleep staging relies primarily on the electroence-
phalographic (EEG) changes over time along with other
variables. The EEG records rhythms from the cerebral
cortex. The cortex may be somewhat dissociated from
subcortical structures, namely the hypothalamus and
thalamus, which drive the sleep-wake cycle, especially in
cases of severe head injury with diffuse axonal injury.
Thus, actigraphy, which reliably measures the motor
output of various sleep and wakefulness stages, may
have an advantage. On the other hand, if the motor
pathways are damaged, this may dissociate motor output
from activity of the deep grey structures.
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There were confounders present, especially the use of
drugs that could alter the EEG, sleep-wake cycle including
sleep staging, but at least these were well documented.
The findings of Cruse et al. [1] are of both theoretical

and practical interest. It makes intuitive sense that circa-
dian rhythms would be more disrupted in patients with
VS than MCS as the former state reflects a greater
degree of brain damage than the latter. As the authors
mention, the suprachiasmatic nucleus in the thalamus
(the ‘pacemaker’ for the circadian rhythm) need not be
directly damaged to produce circadian disruption, but is
driven to some extent by other structures, especially the
thalamus [4], which is commonly damaged directly or
through transsynaptic degeneration [5]. It follows that
the degree of circadian rhythm disruption as measured
by actigraphy, in this novel application, may have prog-
nostic significance. The other point, which seems to be
making itself more apparent with advances in technol-
ogy, is that the clinical evaluation in severely brain-
damaged patients is often inaccurate or misleading [6,7].
Simple eye-opening to differentiate wakefulness from
sleep is not always reliable.
There are some exciting prospects for extending this

type of research. Combining polysomnography with acti-
graphy may address the variable pathologies in brain-
injured patients and allow better characterization and
validation of sleep compared to wakefulness. It would
also be of value to study patients serially from the time of
ICU admission onwards to note when true sleep-wake
circadian cycles return and to correlate these with other
measures of structure and function to arrive at an earlier
prognosis. This may also help in the selection of patients
who could be fast-tracked for early rehabilitation, which
has been shown to improve cognitive and discharge des-
tination outcomes [8].

Abbreviations
EEG: electroencephalographic; MCS: Minimally Conscious State; VS:
Vegetative State.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
MS and GBY drafted the editorial and have read and approved the final
manuscript.

Authors’ information
MS is an Associate Professor in the Department of Medicine, Divisions of
Critical Care Medicine and Respirology/ Sleep Medicine and Schulich School
of Medicine and Dentistry, Western University, London, ON, Canada. She is
certified in sleep medicine and is a Fellow of the American Academy of
Sleep Medicine (FAASM) as well as board certified in Critical Care and
Pulmonology in both Canada and the US. She is the Director of Education
for the Royal College of Physicians and Surgeons of Canada (RCPSC)
Postgraduate Residency Training Program for Adult Critical Care, Western
University. GBY is a Professor in Clinical Neurological Sciences specializing in
neurocritical care.

Received: 17 December 2012 Accepted: 24 January 2013
Published: 24 January 2013

References
1. Cruse D, Thibaut A, Demertzi A, Nantes JC, Bruno M-A, Gosseries O,

Vanhaudenhuyse A, Nekinschtein TA, Owen AM, Laureys S: Actigraphy
assessments of circadian sleep-wake cycles in the vegetative and
minimally conscious states. BMC Med .

2. Jean-Louis G, von Gizycki H, Zizi F, Spielman A, Hauri P, Taub H: The
actigraph data analysis software: I A novel approach to scoring and
interpreting sleep-wake activity. Percept Mot Skills 1997, 85:207-216.

3. Morgenthaler T, Alessi C, Friedman L, Owens J, Kapur V, Boehlecke B,
Brown T, Chesson A Jr, Coleman J, Lee-Chiong T, Pancer J, Swick TJ:
Practice parameters for the use of actigraphy in the assessment of sleep
and sleep disorders: an update for 2007. Sleep 2007, 30:519-529.

4. Schiff ND: Central thalamic contributions to arousal regulation and
neurological disorders of consciousness. Ann N Y Acad Sci 2008,
1129:105-118.

5. Fernandez-Espejo D, Junque C, Bernabeu M, Roig-Rovira T, Vendrell P,
Mercader JM: Reductions in thalamic volume and regional shape
changes in the vegetative and the minimally conscious states.
J Neurotrauma 2010, 27:1187-1193.

6. Owen AM, Coleman MR, Boly M, Davis MH, Laureys S, Pickard JD: Detecting
awareness in the vegetative state. Science 2006, 313:1402.

7. Cruse D, Chennu S, Chatelle C, Bekinschtein TA, Fernandez-Espero D,
Pickard JD, Laureys S, Owen AM: Bedside detection of awareness in the
vegetative state - a cohort study. Lancet 2011, 378:2088-2094.

8. Mackay LE, Bernstein BA, Chapman PE, Morgan AS, Milazzo LS: Early
intervention in severe head injury: long-term benefits of a formalized
program. Arch Phys Med Rehabil 1992, 73:635-641.

Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1741-7015/11/19/prepub

doi:10.1186/1741-7015-11-19
Cite this article as: Sen and Young: Sleeping well. BMC Medicine 2013
11:19.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Sen and Young BMC Medicine 2013, 11:19
http://www.biomedcentral.com/1741-7015/11/19

Page 2 of 2

http://www.ncbi.nlm.nih.gov/pubmed/9293579?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9293579?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9293579?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17520797?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17520797?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18591473?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18591473?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20392136?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20392136?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16959998?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16959998?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22078855?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22078855?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1622318?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1622318?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1622318?dopt=Abstract
http://www.biomedcentral.com/1741-7015/11/19/prepub

	Abstract
	Commentary
	Abbreviations
	Competing interests
	Authors’ contributions
	Authors’ information
	References
	Pre-publication history


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


