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Uncovering hidden integrative cerebral

function in the

This scientific commentary refers to
‘Early detection of consciousness in
patients with acute severe traumatic
brain injury’, by Edlow et al.
(d0i:10.1093/brain/awx176).

Over the past two decades a wide
range of hidden integrative cerebral
function has been identified in some be-
haviourally unresponsive or minimally
responsive patients (see Laureys and
Schiff, 2012 for a review). Modern
neuroimaging tools and sophisticated
electrophysiological methods have pro-
vided an increasingly clear picture of
brain function following severe injuries.
To date, however, the investigation of
graded cerebral function has largely
focused on chronic recovery long after
the period of acute injury (with excep-
tions, e.g. Claassen et al., 2016). In this
context, a study by Edlow ef al. in this
issue of Brain breaks considerable new
ground (Edlow et al., 2017). The inves-
tigators provide the first prospective
study combining neuroimaging and
electrophysiological assessment of the
level of consciousness in severely
brain-injured patients in the first 2
weeks of an intensive care period.
Edlow and colleagues enrolled 16
patients with acute severe traumatic
brain injuries and carried out a series
of structured experimental paradigms
using functional MRI and quantitative
EEG combined with sophisticated
multivariate pattern recognition algo-
rithms. Their work was based on two
a priori hypotheses: (i) that direct brain
measurements with functional MRI
or quantitative EEG would reveal

evidence of language comprehension
or cortical processing in patients with-
out behavioural evidence of language
function; and (i) if present, such
evidence would provide predictive in-
formation about 6-month outcomes.
The major success of this study is the
identification of cognitive motor dis-
sociation (CMD) in half of the subjects
without behavioural evidence of lan-
guage function. CMD has been pro-
posed as a term to categorize patients
with no, or only very limited, behav-
ioural evidence of awareness who
nonetheless demonstrate unequivocal
empirical evidence of command-follow-
ing via functional MRI, quantitative
EEG or similar indirect measurements
of brain response to spoken language
(Schiff, 2015) (Fig. 1). In the present
study, four of eight patients without
behavioural evidence of language func-
tion were identified as CMD patients
by the functional MRI method; this
observation, though made in a small
sample, suggests that such dissociations
are likely to be common in the ICU.
The investigators also examined evi-
dence for higher-order cortical process-
ing of language and musical stimuli at
the acute stage using functional MRI
and quantitative EEG. They introduce
a new term, higher-order cortex motor
dissociation (HMD), to label the pres-
ence of contingent brain responses to
these stimuli in patients without evi-
dence of language function. Patients
with statistical evidence of a contingent
functional MRI or quantitative EEG
response to either language or musical
stimuli when compared to control or

intensive care unit

rest periods were identified as having
HMD. Earlier studies have assessed
similar isolated evidence of higher-
order responses from association
cortices (e.g. Menon et al, 1998
demonstrated isolated and selective
processing within visual association
cortex) but, as Edlow et al. note,
whether such responses are evidence
of awareness is more ambiguous.
Although patient outcomes were not
statistically linked to functional MRI
or quantitative EEG responses across
the group of subjects, the use of
HMD and CMD designations to aug-
ment the best behavioural assessment
of highest level of consciousness im-
proved sensitivity to detect recovery
beyond post-traumatic confusion at
6 months after injury.

As shown in Fig. 1, CMD represents
a sharp recategorization of patients
from measurements available using
quantitative behavioural assessment
tools (Schiff, 2015). The Edlow et al.
study validates the direct translation
to the ICU of the functional MRI stra-
tegies employed in earlier work with
patients in the later stages of recovery.
Collectively, both the HMD and
CMD findings in the study highlight
an often neglected third dimension of
recovery that is critical in thinking
carefully about the severely injured
brain—the functional integrity of the
cerebrum or corticothalamic system
per se (Fig. 1). Several studies have
now provided evidence that CMD is
associated with broad preservation of
the dynamic structure of wake and
sleep cerebral network physiology
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Figure | Dissociations of behavioural and physiological measures in recovery
patterns following severe brain injuries. Patterns of recovery of consciousness and
cognition following severe brain injuries are represented on a 3D coordinate system.
Dimensions illustrate the dissociations of behavioural and physiological measurements
observed in the assessment of patients with disorders of consciousness, as seen in both the
chronic recovery phase and the acute intensive care unit setting examined by Edlow et al. in
this issue of Brain. A light grey zone encompassing coma, vegetative state (VS) and the left half
of the minimally conscious state (MCS) identifies patients with cognitive motor dissociation
(CMD). The dark grey oval between coma and vegetative state and minimally conscious state
indicates a transition zone in which behavioural fragments may be present in patients
otherwise fulfilling the criteria for vegetative state; an interrupted vertical line indicates the
boundary of evidence for awareness as judged behaviourally (none to the left of the line).
CMD s a clinical syndrome operationally defined as having a bedside examination consistent
with coma, vegetative state or the limited non-reflexive behaviours seen in MCS patients who
are unable to follow commands and the concurrent demonstration of command-following
using functional MRI (fMRlI), EEG or similar technologies alone. Uncertainty exists regarding
the ultimate underlying cognitive capacity in CMD as patients may span the range from
command-following to higher integrative function (as indicated by the brackets to the right of
the light grey region). Many studies now show that CMD is associated with highly preserved
cerebral integrity (Forgacs et al., 2014; Stender et al., 2014; Schiff, 2015) suggesting that CMD
patients are likely to be closer in preservation of cerebral function to patients in locked-in
state (LIS) or the complete locked-in state (CLIS), but distinct from such patients because of
multiple injuries across the corticothalamic systems. As defined by Edlow and colleagues,
‘higher-order cortex motor dissociation’, HMD, denotes a determination of higher-order
cortical responses to structured stimuli in patients without behavioural evidence of language.
Quantitative measurements of behavioural function smoothly span recovery of cognitive
function when expressed through observable behaviours using the Coma Recovery
Scale-Revised (CRS-R) to measure recovery from coma through emergence from MCS;

the Confusion Assessment Protocol (CAP) to measure function in the confusional state (CS),
and a wide array of standardized measures to capture the recovery of normative neuropsy-
chological function. Because motor impairments following severe brain injuries may mask even
full cognitive recovery, the search for reliable correlative physiological measures to identify
levels of cognitive function is critical. Ongoing work demonstrates that functional neuroima-
ging with MRI and PET tools (functional MRI, FDG-PET) and the EEG suggest high degrees
of preservation of cerebral functional integrity in CMD.

and metabolism (Forgacs et al., 2014;
Stender et al., 2014; Schiff, 2015).
Although we lack a predictive physio-
logical model for conscious awareness

or cognitive capacities at present, accu-
mulating correlative evidence points
toward a coincident high degree of
preservation of cerebral function
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associated with CMD. While similar
correlations are not yet known for
HMD, HMD alone may be particu-
larly useful in the ICU as the investi-
gators note; the demonstration of
higher-order cortical response does
provide an unambiguous assay of the
relative integrity of corticothalamic
systems. Clearly larger studies are
required, but these findings show that
the degree of preserved integrative
cerebral function is a critical unmeas-
ured variable in current ICU practice.
Once greater numbers of patients are
enrolled in future studies, assessment
of the probability of awareness and
use of such measures for prognostic
predictions are likely to follow.

Thus, the results of the Edlow et al.
study also highlight the many chal-
lenges ahead for measuring recovery
in the ICU. While functional MRI
measurements identified CMD in
four patients, the quantitative EEG
measures did not provide concordant
evidence in the three subjects tested.
Functional MRI studies of ICU pa-
tients are not widely available and
many patients may be excluded from
undergoing functional MRI during an
ICU course, making the lack of quan-
titative EEG findings in the CMD
subjects of considerable practical con-
cern. The analytical approach that
Edlow et al. adopted for the quanti-
tative EEG experiment relied upon the
use of a multivariate pattern classifier,
which had the statistical strength of
being applied to single-subject data
in each case. However, even with
single subject modelling of signals,
quantitative EEG classifier approaches
are very data hungry and under-per-
form more classical statistics applied
to the power spectrum when using
limited datasets (Goldfine et al.,
2013). The lack of quantitative EEG
evidence for command-following
using motor imagery in a quarter of
the healthy volunteers tested by
Edlow et al. is consistent with this
limitation. Aside from constraints
imposed by different quantitative
EEG analysis methods, the ICU envir-
onment is a particularly difficult one
for recording of the EEG. While a

graded sedation scale did not show
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Cognitive motor dissociation (CMD): A specific subset of patients who fulfil CRS-R criteria for coma, vegetative state or MCS without

behavioural evidence of language function, who verifiably demonstrate command-following response when tested using proxy methods of neuroi-

maging or electrophysiological assessment.

Confusional state (CS): Recovery following emergence from MCS begins with the confusional state, also known as post-traumatic confusional

state when a consequence of traumatic brain injury. Patients in a confusional state cannot be formally tested using standard neuropsychometric

measures and remain disoriented; their cognitive capacities can be formally assessed using the Confusion Assessment Protocol (CAP).

Higher-order cortex motor dissociation (HMD): A term to indicate the presence of contingent responses of association cortices to complex

auditory stimuli (linguistic or musical) in patients without behavioural evidence of consciousness (i.e. coma, vegetative state, or the subset of MCS

patients without language function).

Locked-in state (LIS): Normal conscious awareness but severe motor impairment, limiting communication channels typically to eye movements,

while complete locked-in state (CLIS) indicates the same level of function in a patient without any motor function to allow verification of this degree

of cognitive recovery.

Minimally conscious state (MCS): A state in which unequivocal but often only intermittent behavioural evidence of consciousness is present,

such as visual tracking or turning of the head toward a sound. The definition allows for a wide range of higher level behaviours to be present that

indicate evidence of language function, including intermittent command-following, verbalization, or inaccurate communication. The Coma Recovery

Scale-Revised (CRS-R) is a quantitative behavioural assessment tool that measures behavioural features of coma, vegetative state and MCS.
Vegetative state (VS): An unconscious brain state in which no behavioural evidence of consciousness is present and both cognitive and motor
functions are absent. Vegetative state differs from coma only by the presence of intermittent eyes-open periods that are not accompanied by normal

sleep-wake physiology.

an effect on quantitative EEG meas-
urements or interaction, the investiga-
tors noted that qualitative assessments
of the patients showed a dose-re-
sponse variance in the apparent level
of effective sedation. This finding
raises an issue overlapping with
current research in anaesthesia and
pharmacologically  induced coma
where electrophysiological data sug-
gest heterogeneity and variable sensi-
tivity to sedatives (Chander et al.,
2014). Modelling and accounting for
the dynamic features of specific seda-
tives such as propofol or dexmedeto-
midine (Akeju et al., 2014) may aid
such analyses in all ICU patients with
severe brain injuries including cohorts
with  subarachnoid  haemorrhage
(Claassen et al., 2016), post-anoxic
encephalopathy  following
arrest and other aetiologies.

It is likely that the present study
from Edlow et al. will represent an
historical watershed for
this critical vein of new discovery re-
garding the presence of hidden inte-
grative cerebral function in the ICU.
As noted above, the findings of this
study set challenges for
future work and suggest refinements
of measurement strategies tailored to
the ICU patient. Our colleagues in
anaesthesiology make considerable

cardiac
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efforts to ensure that awareness is
not present in apparently comatose
patients; as Edlow et al. demonstrate,
the reverse consideration is equally
critical and ethically mandated in the
ICU. There will undoubtedly be a
steep learning curve to establish the
rigorous assessment of sustained cere-
bral capacity of the severely brain-
injured ICU patient. The present
study shows that we will need
increasing precision as stratification
of level of brain function is related
over time to patient outcomes.
Moreover, our judgements of capacity
will have to be clearly separated from
the effects of initial injuries, course of
ICU treatments, and the instrumental
sedation required for ICU manage-
ment. Taking this emerging future
into view, the most general and
likely enduring contribution of the
Edlow et al. study is to show that
such a rigorous approach is feasible
and to underscore the urgent need to
further its development.

Nicholas D. Schiff MD,

Feil Family Brain and Mind Research
Institute, Weill Cornell Medical College,
New York, NY 10065, USA

E-mail: nds2001@med.cornell.edu

doi:10.1093/brain/awx209

References

Akeju O, Pavone KJ, Westover MB, Vazquez
R, Prerau M]J, Harrell PG, et al. A compari-
son of propofol- and dexmedetomidine-
induced electroencephalogram  dynamics
using spectral and coherence analysis.
Anesthesiology 2014; 121: 978-89.

Chander D, Garcia PS, MacColl N, Illing S,
Sleigh JW. Electroencephalographic vari-
ation during end maintenance and emer-
gence from surgical anesthesia. PLoS One
2014; 9: €106291. doi: 10.1371/journal.po
ne.0106291. eCollection 2014.

Claassen J, Velazquez A, Meyers E, Witsch J,
Falo MC, Park S, et al. Bedside quantita-
tive electroencephalography improves as-
sessment of consciousness in comatose
subarachnoid hemorrhage patients. Ann
Neurol 2016; 80: 541-53.

Edlow B, Chatelle C, Spencer CA, Chu CJ,
Bodien YG, O’Connor KL, et al. Early detec-
tion of consciousness in patients with acute
severe traumatic brain injury. Brain 2017;
140: 2399-414.

Goldfine AM, Bardin JC, Noirhomme Q,
Fins JJ, Schiff ND, Victor JD. Reanalysis
of “bedside detection of awareness in the
vegetative state: a cohort study”. Lancet
2013; 381: 289-91.

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

Laureys S, Schiff ND. Coma and conscious-
ness: paradigms (re)framed by neuroimaging.
Neuroimage 2012; 61: 478-91. Epub 2011
Dec 27.



2262 | BRAIN 2017: 140; 22542264

Menon DK, Owen AM, Williams EJ, Minhas
PS, Allen CM, Boniface SJ, et al. Cortical
processing in persistent vegetative state.
Wolfson Brain Imaging Centre Team.
Lancet 1998; 352: 200.

Schiff ND. Cognitive motor dissociation fol-
lowing severe brain injuries. JAMA Neurol
20155 72: 1413-15.

Stender J, Gosseries O, Bruno MA, Charland-
Verville V, Vanhaudenhuyse A, Demertzi

Scientific Commentaries

A, et al. Diagnostic precision of PET ima-
ging and functional MRI in disorders of
consciousness: a clinical validation study.
Lancet 2014; 384: 514-22.

Brain monoamine oxidases in human
parkinsonian disorders

This scientific commentary refers to
‘Brain monoamine oxidase B and A
in human parkinsonian dopamine de-
ficiency disorders’ by Junchao Tong
et al. (doi:10.1093/brain/awx172).

For more than 20 vyears, oxidative
stress has been considered an import-
ant contributor to neurodegeneration
in Parkinson’s disease. After the discov-
ery that monoamine oxidase (MAO) B
inhibitors could block MPTP toxicity
(Langston, 2017), clinical trials of
MAOB inhibitors as neuroprotective
agents began; such trials are still on-
going today. In the 1990s, the
Deprenyl and Tocopherol Antioxida-
tive Therapy of Parkinsonism Trial
(DATATOP) revealed neuroprotective
effects of the MAOB inhibitor depre-
nyl. Following this trial, rasagiline (N-
propargyl-1-R-aminoindan), a selective
irreversible inhibitor of MAOB that
blocks the oxidative deamination of
endogenous and exogenous dopamine,
was introduced as the first putative dis-
ease-modifying agent in Parkinson’s
disease. However, the results of the
ADAGIO trial and other clinical stu-
dies of rasagiline have been mixed
(Rascol et al., 2011; Masellis et al.,
2016). Inhibitors of MAQOA, used for
the treatment of mood disorders, may
also be neuroprotective, but their ef-
fects on toxic dopamine-derived sub-
stances remain unclear (Goldstein
et al., 2016). In this issue of Brain,
Tong and co-workers examine the
activity of MAOA and B in various
regions of the post-mortem brain
in Parkinson’s disease and other par-
kinsonian dopamine deficiency dis-
orders  [multiple system  atrophy
(MSA) and progressive supranuclear

palsy (PSP)], using quantitative im-
munoblotting of human MAQO antibo-
dies (Tong et al., 2017). Their findings
are of particular scientific and clinical
interest as there have been few studies
of MAO:s in these disorders, and the
results to date have been variable
owing to the use of non-specific
methods.

Glial pathology is a common
finding in o-synucleinopathies such as
Parkinson’s MSA.
Activated astroglia and oligodendroglia
containing a-synuclein (aSyn)-positive
inclusions may play a key role in the
neurodegenerative process, as may acti-
vated microglia. While there are differ-
ences in the histopathology of reactive
astrogliosis in MSA and PSP versus
Parkinson’s disease (Song et al.,
2009), accumulation of aSyn by astro-
glia may trigger a pro-inflammatory
and anti-oxidative response in all
three disorders, accelerating neurode-
generation and its progression in a dis-
ease-specific manner (Fellner et al.,
2011; Halliday and Stevens, 2011).
On the other hand, the neuroprotective
features of astrocytes in oxidative stress
suggest that regulating the astroglial re-
sponse to oaSyn and chronic disease
conditions may be of potential thera-
peutic interest. As astrocytes express
high levels of MAOB, this enzyme
has been proposed as a ‘marker’ of
astrogliosis (Rodriguez-Vieitez et al.,
2016). MAOA, by contrast, is localized
largely to neurons (Finberg and Rabey,
2016).

Tong et al. (2017) measured MAOB
levels, plus standard astroglial markers
including glial fibrillary acidic protein
(GFAP) and vimentin (Tong et al.,
2015), in post-mortem tissue from

disease  and

patients with Parkinson’s disease,
MSA, or PSP, and from matched con-
trols. In MSA, MAOB levels were sig-
nificantly increased in degenerated
putamen (+83%; +147% for trun-
cated MAOB), and increased to a
much lesser degree in the substantia
nigra (+10%). In PSP, a moderate in-
crease in MAOB was seen in caudate
and putamen (+26% and 27%, re-
spectively), in frontal cortex (+33%)
and in the substantia nigra (+23%).
In Parkinson’s disease, a similar in-
crease was seen in the frontal cortex
(+33%), but there was no increase in
the substantia nigra, an area in which
no elevation of astrocyte markers had
been reported either (Tong et al.,
2015). These data are consistent with
generally observed severe nigral path-
ology and widespread astrogliosis in
PSP and MSA as compared to
Parkinson’s disease, all of which show
considerable astrogliosis in the frontal
cortex (Briick ez al., 2016; Jellinger and
Wenning, 2016). In general, the in-
crease in MAOB, measured with im-
munoblotting, was less marked than
that of standard astrocytic markers, al-
though positive correlations were
found between these and MAOB.
Mean levels of MAOA were below
those of matched controls in MSA pu-
tamen (—23%), whereas levels of the
MAOA2S5 fragment were significantly
increased in the substantia nigra in
MSA (+40%), PSP (+32%), and
Parkinson’s disease (+33%), despite
the loss of dopaminergic neurons
presumably containing this enzyme.
However, the limited literature regard-
ing MAOA in parkinsonian disorders
makes comparisons with the present
data difficult. Dopamine metabolism





