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Summary

We all share the need to optimise the evaluation of pa-
tients with disorders of consciousness (DOC), given
the high rate of misdiagnosis of vegetative state based
on clinical examination. We believe that one way to do
this is to optimise assessment from the early stages, in
order to reduce discontinuity between the hospital and
rehabilitation phases.
While clinical observation remains the "gold standard"
for the diagnostic assessment of patients with DOC,
neurophysiological investigations (electroencephalog-
raphy, short latency evoked potentials and event-relat-
ed potentials) could help to further understanding of
the pathophysiology underlying the state of unrespon-
siveness, differentiate coma from other apparently sim-
ilar conditions (i.e., locked-in and locked-in-like syn-
dromes), and potentially integrate prognostic evalua-
tion with monitoring of the evolution of the clinical
state. Moreover, these techniques have the consider-
able advantage of being available at the bedside.
Discontinuity between the hospital and rehabilitation
phases is rightly considered to be one of the critical
points in the assessment of patients with DOC. In our
view, a continuum of expert neurological assessment
that begins with monitoring of the acute phase (focus-
ing on evolution of primary brain damage and second-
ary complications) and follows through to the patient’s
discharge from the intensive care unit (focusing on the
pathophysiology of brain damage and prognostication
based on clinical, neuroimaging and neurophysiologi-
cal tests) could help to: i) optimise the rehabilitation
programme according to the expectations of recovery;
ii) provide a basis for comparison with subsequent pe-
riodic re-evaluations; iii) ensure uniformity of assess-
ment regardless of the heterogeneity of care facilities;
and iv) characterise a subset of patients who, showing

discrepancies between neurophysiological tests and
clinical status, are more likely to undergo unexpected
recovery.
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Introduction

Unlike other neurological conditions, the heterogeneous
pathology linked to disorders of consciousness (DOC)
currently excludes the possibility of differential diagnosis
of clinical states on the basis of instrumental investiga-
tions. Clinical assessments are therefore based on the
patient’s clinical history and behaviour. This creates a
particular challenge for the clinician, who has to decide
whether a certain behaviour, which might be inconsis-
tent or incomplete, reflects a conscious or an uncon-
scious process. It is important to note that the classifica-
tion of the clinical stages of a patient in a coma or a min-
imally responsive state is, at present, based on the use
of different clinical scales for the acute, sub-acute and
chronic phases. Standardised scales allow for a more
objective approach to the classification of clinical status,
and also make it possible to quantify the evolution of be-
havioural changes. The problem of misdiagnosis of the
vegetative state (VS), reported in some studies (1), has
made headlines and caused deep concern among both
the public and the medical community.
Sensitive clinical scales, if used appropriately and ap-
plied at an expert level, can significantly reduce the er-
ror rate. There is also the possibility of combining behav-
ioural assessments with instrumental neurophysiologi-
cal tests (electroencephalography, EEG, and short- and
long-latency evoked potentials, EPs), which can provide
prognostic information and help to establish the clinical
state beyond clinical evidence.

Clinical evaluation

Different scales are needed for the clinical evaluation of
acute and transitional/protracted stages of DOC. In the
acute phase, the widely applied Glasgow Coma Scale
(GCS) is irreplaceable. In acute and transitional stages,
the Full Outline of UnResponsiveness (FOUR) score (2)
has been proposed to overcome some limitations of the
GCS but its use is still not sufficiently widespread.
Among scales able to differentiate VS from a minimally
conscious state (MCS) and to indicate emergence from
an MCS, the Coma Recovery Scale-Revised (CRS-R)
(3) is the one most used to date. Individualised quantita-
tive behavioural assessment (IQBA) techniques are a
second means of objectively investigating behaviour in
patients with DOC. IQBA is a useful adjunct to standard-
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ised assessment strategies and is an essential compo-
nent of behavioural-based assessments (4), but no stud-
ies involving IQBA have been published in recent years.
Provided clinical observation remains the gold standard,
there are instrumental techniques that can help to fur-
ther understanding of the major pathophysiological
mechanisms that cause the state of coma or of unre-
sponsiveness in a patient and to differentiate these
states from various other clinical conditions, e.g.,
locked-in syndrome (LIS) and diffuse neuromuscular
weakness. Some instrumental tools are commonly used
for clinical diagnosis while others are still regarded as
tools of scientific investigation, since they have not been
validated in extensive case studies. The former include
conventional neuroimaging (computed tomography, CT,
magnetic resonance imaging, MRI) and neurophysiolog-
ical (EEG and short-latency EPs) tests, and the latter
long-latency EPs, event-related potentials (ERPs) and
functional and structural neuroimaging (functional MRI,
fMRI, diffuse weighted imaging, DWI, and diffusion ten-
sor imaging, DTI).

Neurophysiological investigations

Clinical neurophysiology is an extension of clinical ex-
amination and an integration of neuroimaging. Clinical
neurophysiology plays a role in diagnosis, prognosis
and monitoring. We believe that the potential of clinical
neurophysiology in comatose patients is not yet suffi-
ciently understood or exploited.
Neurophysiological tests have the following advantages:
i) they can be performed at the bedside; ii); they can be
performed many times along with the clinical examina-
tions; iii) they are independent of the efferent channel of
motor behaviour (intentional limb movements, verbalisa-
tion, eye movements and emotional facial expressions)

on which clinical evidence of consciousness is based.
Possible methodological drawbacks include hetero-
geneity of recordings and interpretation of neurophysio-
logical tests. In this regard, there exists, as reported in
the literature, sufficient clinical consensus on the most
useful diagnostic-prognostic tools and procedures and
on their simplified interpretation (5). Technicians and
neurophysiologists should be specifically trained in the
use of these instruments and in the clinical questions
posed by DOC patients.
Some of the neurophysiological tests that can be per-
formed in the intensive care unit (ICU), e.g. EEG and so-
matosensory evoked potentials (SEPs), provide more
information on the acute phase, while others (long-laten-
cy EPs/ERPs) inform on the post-acute phase in pa-
tients who are not yet responsive. The use of clinical
neurophysiology should mean the application not of a
standard battery of tests but rather of a choice of tests,
i.e. the one or ones likely, on the basis of the evidence,
to be most informative from the perspective of the given
clinical question (5). It is important to point out that the
EEG, indispensable for diagnostic purposes in the ICU,
should be supplemented by SEPs, which are reliable in-
dicators of the severity of acute brain injury (hypoxic-is-
chaemic, traumatic and haemorrhagic). It is important to
balance the high variability of the EEG and its sensitivi-
ty to neurosedation with the stability of SEPs, which are
more resistant to sedation and have waveforms that are
easily interpretable and comparable. There are condi-
tions, such as LIS, locked-in-like states and diffuse neu-
romuscular weakness, in which the absence of a neuro-
physiological assessment can contribute to a delay, of
weeks or even months, in the observation of the real
state of consciousness.
Here, we describe the use of clinical neurophysiology
techniques in the phases following the onset of a coma
(Fig. 1), indicating the most informative tests depending
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Figure 1 - Temporal phases in the clinical evolution of acute brain injury.
Abbreviations: MCS=minimally conscious state; VS=vegetative state.



on the clinical question and the aetiology of the brain
damage.
Operationally, we divided the post-coma-onset state in-
to three phases: acute, sub-acute and protracted. The
acute phase usually corresponds to a coma duration of
up to two weeks; the sub-acute phase includes different
clinical states and extends to 6-8 weeks post-coma on-
set, corresponding to the period spent under treatment
in hospital intensive and sub-intensive care units; in-
stead, the last phase, of variable duration depending on
the aetiology, usually corresponds to the time spent in
the rehabilitation setting and results in a chronic state.
In all the phases, neurophysiological evaluation has a
primarily prognostic role although it may also contribute
to diagnosis of the state beyond clinical evidence. In this
paper we refer mainly to the electroclinical assessment
of patients in the acute and sub-acute phases.

Electroclinical assessment in the acute phase

In the acute phase, the EEG and SEPs have a major
prognostic role with known patterns for poor outcomes
in the following aetiologies: hypoxic-ischaemic en-
cephalopathy, traumatic brain injury (TBI) and intracra-
nial haemorrhage.

Hypoxic-ischaemic coma 

As regards the early prognosis of hypoxic-ischaemic co-
ma, it is necessary to consider the evidence provided by
five meta-analyses investigating the usefulness of SEPs
(6-10). Four of these studies (6-9) agree that the absence
of bilateral cortical SEPs at 24 hours has an unfavourable
prognostic significance of 100% (all patients die or re-
main in a VS). Recently, Lee et al. (10) showed by means
of summary receiver operating curve (SROC) analysis
that the SEP predictive value for poor outcome was only
marginally better than that of the GCS motor item (M≤3)
and urged caution “against the tendency to generalize
that SEP is a better marker than clinical signs”. However,
as emerges from the electronic supplementary material,
bilateral absence of cortical SEPs recorded on day 1 af-
ter cardiac arrest accurately predicted a poor outcome
and no false positives were found except in one case
(11), whereas false positives were more common (30
cases) in patients with a GSC motor score of or less than
3. The similar SROC results for SEPs and the GCS re-
ported in this paper (10) is a correct statistical represen-
tation but one that fails to consider the real usefulness of
a test in a single case to avoid a falsely pessimistic prog-
nosis. Absent SEPs with their very high specificity corre-
spond to this requirement. Indeed, SEPs have been in-
cluded in the practice parameter of the American Acade-
my for Prediction of Outcome in Comatose Survivors af-
ter Cardiopulmonary Resuscitation (12).
Despite their high specificity, SEPs have a low sensitivi-
ty, which explains the findings of the SROC analysis. A
further limitation of SEPs is their poor ability to predict a
good recovery. However, all patients who recover do
have cortical SEPs. To further improve prognostication in
these patients when outcome is uncertain after initial di-
agnosis, it might be valuable to apply additional investi-
gations, such as long-latency EPs/ERPs and neuroimag-
ing, which can be used from the first week (13,14).

Another limitation of the previously cited studies is the
follow ups: these were not usually longer than 3 to 6
months, whereas a recent study (15) reported some
cases of hypoxic-ischaemic patients who showed a late
recovery of consciousness (19 to 24 months). However,
neurophysiological characterisation, in our view useful
when dealing with studies on late clinical evolution, was
not available for these patients. An enormously interest-
ing question is whether the absence of SEPs retains its
ominous prognostic value even in the chronic stages, as
demonstrated in the study by Fischer and colleagues.
Short-latency SEPs were always found to be absent
along with the absence of long-latency EPs and ERPs in
patients with chronic VS (16).
The application of therapeutic mild hypothermia (32 to
34 °C) after cardiac arrest raises the issue of whether
the American Academy of Neurology prognostic criteria
(12) are still reliable after this procedure (17). Indeed,
according to some authors, motor responses are less
reliable within 48 to 72 hours following the procedure
(18). However, it has been demonstrated that SEP am-
plitudes do not decrease during mild hypothermia
(19,20) and that the bilateral absence of cortical SEP re-
sponses still suggested an ominous prognosis in hy-
pothermic (32 to 34 °C) patients (21,22). In a recent
prospective study, Rossetti and colleagues (23) con-
firmed the 0% false-positive rate of absent SEPs as an
indicator of poor outcome in hypoxic-ischaemic coma
patients treated with hypothermia.
Zandbergen et al. (24) proposed clinical guidelines for
improving the prediction of an unfavourable outcome in
hypoxic-ischaemic coma patients, postponing the prog-
nostic evaluation to 72 hours and limiting SEP recording
in patients with absent photomotor reflex or GCS≤5
(M≤3). Recent European guidelines on the use of neu-
rophysiological testing in the ICU suggest a prognostic
evaluation at 24 hours (5). We have adopted a protocol
for recording EEG and SEPs, defined by our institute’s
interventional cardiologists and ICU for early prognosis
of hypoxic-ischaemic coma. This protocol involves
recording EEG and SEPs at 24 hours in a patient with
GCS M≤3. If the EEG and SEPs show unfavourable pat-
terns for the recovery of consciousness (bilateral ab-
sence of SEPs and severe EEG abnormalities), we per-
form a confirmatory test at 72 hours.
What are the clinical implications of the finding of absent
SEPs during hypothermia? Prognostic determination
can be used, in a practical sense, to counsel families of
cardiac arrest survivors at a number of stages during the
post-resuscitation period. Soon after hospital admission,
families can be consulted over the decision of whether
or not to use highly invasive procedures. After therapeu-
tic hypothermia and re-warming an appropriate plan of
care, tailored to the expectations of neurological recov-
ery, can be established. This may diminish uncertainty
among family members and allow them to get accus-
tomed to the idea that their loved one will die or not
wake up again and to understand that their loved one
will not benefit from intensive rehabilitation.

Traumatic brain injury

The EEG and the GCS are less reliable early prognos-
tic indicators in post-traumatic compared with hypoxic-
ischaemic coma (25). At the early stage, the presence
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of neurosedation hampers clinical evaluation and
makes the interpreting of background EEG activity and
the presence of reactivity less reliable. The early SEP
component does not have these limitations, being sen-
sitive only to structural damage. In a systematic review
of the literature, Robinson et al. (9) not only confirmed
the high prognostic value of bilateral absence of cortical
SEPs in post-traumatic coma (90 to 95% of non-awak-
ening) but also highlighted the favourable prognostic
significance of bilaterally normal cortical SEPs (over
90% of awakening).
By classifying the patterns of SEP alterations on both
hemispheres (normal, absent and pathological, respec-
tively N, A and P), it is possible to aggregate the
changes into three different prognostic categories:
grade 1 [(NN, NP): normal] with good prognosis, grade
3 [(AA): absent] with poor prognosis and grade 2 [(NA,
PP, AP):pathological] where prognosis is uncertain. It
should be noted that grades 1 and 3 allow the correct
classification of 65-70% of patients with severe post-
traumatic coma. In addition, the normal pattern (grade 1)
in our series had a positive predictive value of more than
90% for awakening and of more than 80% for good func-
tional recovery, both assessed using the Glasgow Out-
come Scale (GOS) (26). In our series, severe disability
(GOS=3) was associated with virtually 100% of cases
with monolaterally or bilaterally absent cortical SEPs.
Thus, in severe TBI from the first to second day of co-
ma, we can expect two very different clinical courses,
depending on the recording of normal or absent SEPs.
In the latter case, for example, it is possible to envisage
a long stay in the ICU, the need for a tracheostomy and
a very long rehabilitation process with an almost certain
outcome of severe disability in the minority of patients
that do recover a state of consciousness.
A recent comparative meta-analysis examined the sin-
gle best early indicator of prognosis among SEPs, CT,
EEG and GCS photomotor reflex in coma and post-trau-
matic and hypoxic-ischaemic patients (27). The study
selected 26 comparable papers including over 800 pa-
tients and it was concluded that SEPs were the best sin-
gle prognostic indicator. On the basis of this evidence,
SEPs should always be associated with clinical assess-
ment for early prognosis of coma after acute brain injury.
We indeed wondered why a recent review of the litera-
ture (28), assessing the prognostic indicators of trauma,
did not take SEPs into account. Therefore, we agree
with Coleman and colleagues (29), who remark on the
underuse of these prognostic indicators: ““despite the
clear utility of short-latency sensory EPs and wide-
spread availability in most regional hospitals, these sim-
ple measures are rarely used” (29).

Intracranial haemorrhage 

Available data on the prognostic value of SEPs in coma
caused by intracranial haemorrhage (subarachnoid and
intraparenchymal) refer to smaller series. Similarly to
what was seen in hypoxic-ischaemic coma, these data
indicate that SEPs can be used to make an early prog-
nosis of unfavourable outcome with 100% specificity. In
our extended series of 165 intracranial haemorrhages
(unpublished data) with a GCS score <9, patients with
absent SEPs at the first assessment (25% of the total)
all died before discharge from the ICU. Patients deemed

brain-dead at the first examination were excluded from
the series.
The considerations expressed above apply to adult pa-
tients. There are few data available on children. In a re-
cent meta-analysis (30), however, it was thought appro-
priate to indicate to clinicians the usefulness of incorpo-
rating SEPs into the integrated process of outcome pre-
diction after acute brain injury in children. Caution is,
nonetheless, recommended in predicting unfavourable
outcomes in comatose paediatric patients with absent
SEPs. The possibility of withdrawing treatment cannot
be considered even in patients with coma due to hypox-
ic-ischaemic encephalopathy because awakening can
occur despite bilaterally absent SEPs.
If the neurophysiological methods have high diagnostic
and prognostic values in acute brain injury, it is reason-
able to expect that their use in serial/continuous moni-
toring of coma patients at risk of deterioration and sec-
ondary complications will have a valuable impact on
clinical and therapeutic strategies. The available data
are scarce in this respect but the necessity of monitor-
ing brain function in coma patients is gaining increasing
interest. Indeed, neurophysiological data (EEG/SEPs)
are beginning to be included in ICU multiparameter
monitoring systems (31,32).

Electroclinical assessment in the 
subacute-transitional phase

In poorly patients or those who are not responsive after
the end of coma despite clinical optimisation (remission
of sedation effects and septic-metabolic comorbidities),
a mutimodal neurophysiological approach is recom-
mended not only to shed light on the pathophysiology of
their brain damage but also to contribute to defining
states of consciousness beyond clinical evidence and to
obtain more clues for prognosis.
The EEG is useful during the transitional stage as an in-
dicator of the reorganisation of posterior rhythms or the
presence of sleep elements, both associated with a
favourable outcome (33,34). Repeating recording of
SEPs, for example, can confirm the evolution of the dif-
fuse axonal injury, characterised by a minor variation in
amplitude of early cortical components compared to a
recovery in amplitude of the middle latency components
favoured by the reduction or discontinuation of sedation.
At this stage, if sedation were discontinued and septic or
metabolic disorders were absent, we could start to use
long-latency EPs/ERPs. These reflect the parallel acti-
vation of distributed, often ill-defined, cortical genera-
tors. Although their presence also depends on the in-
tegrity of sub-cortical pathways, a moderate decrease in
brainstem and thalamo-cortical transmission is usually
insufficient to cause significant latency and amplitude
abnormalities. Specific peaks (e.g., auditory N100,
MMN and P300) can be rated as present or absent.
ERPs are also rated according to their complexity (num-
ber of preserved components). In comatose patients,
they were recently demonstrated to be predictors of a
good outcome (13,35-38). Albeit used less often in the
ICU than short-latency EP recording, the recording of
long-latency EPs/ERPs should be recommended be-
cause of the capacity of these EPs to predict with a very
high probability a favourable outcome in comatose pa-
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tients (39). They are also indicated as a tool for helping
to define states of consciousness beyond clinical evi-
dence.
We here report, in detail, a case in which the neurophys-
iological integrated approach was used to help define
the actual status of a patient.
A woman after severe TBI at 11 days showed inexplica-
ble absence of motor responses without relevant trau-
matic lesions during repeated brain CT (Fig. 2). She
showed a complete 3rd right cranial nerve palsy, open
left eye with fixation and inconsistent eye tracking, and
gaze sometimes appearing attentive despite no motor or
verbal responses. Furthermore, no pyramidal signs
were present while an electromyographic examination
excluded neuromyopathy. Thus, a low grade of MCS or
a sort of akinetic mutism was suspected.
The EEG (Fig. 3A) on day 12 was dominated by slow
monotonous activity at 5Hz for the first 30 minutes of
recording and was not reactive to different stimuli. After
this phase, the EEG showed a spontaneous attenuation
of slow activity and passive eye closure elicited clear-cut
reactivity with the appearance of a posterior 9 Hz alpha
rhythm in both hemispheres (Fig. 3B).
Median-nerve SEPs (Fig. 4, over) were obtained 2 and
12 days after admission to the ICU. In the first recording,
the early cortical component (N20-P25) was present in
both hemispheres with reduced amplitude and in-
creased central conduction time; middle SEP compo-
nents were not present. In the second recording, cortical
SEP components showed an increase in amplitude as-
sociated with the presence of SEP middle components.
Considering that a state of akinetic mutism might have
prevented recognition of an initial recovery of con-
sciousness, we recorded ERPs on day 12. They were
recorded by a passive odd-ball paradigm using audito-
ry stimulation. ERPs consisted of the N1 and P2 com-
ponents at both frequent and rare tones. N2 and a wide
positivity at Cz and Pz (in the 300 to 500 ms range),
which is more likely to correspond to a “P3b-like” com-
ponent, were also elicited by target stimuli (rare tones)
(Fig. 5, over). A clear N2-P3 complex was present on
the ERP recording, albeit with prolonged latency indi-
cating the presence of uncovered cognitive activity. We
interpreted the reorganisation of the posterior alpha
rhythm, the increase in amplitude of cortical SEPs and
the presence of ERP components as indicators of re-
covery of functional thalamo-cortical and intracortical
connectivity during the post-traumatic transitional
stage. The patient regained motor and verbal respons-

es a month later and she had a good functional out-
come at six months.
We therefore propose that recordings of ERPs be in-
cluded in regular clinical and instrumental assessments
of VS and MCS patients in transitional/protracted
stages in order to seek cortical electrophysiological ac-
tivity as an additional prognostic factor anticipating a
noticeable clinical recovery, such as the case de-
scribed above and a case of post-traumatic locked-in
syndrome (40).
The prognostic value of ERPs has been tested in four
cohort studies (41-44) and in one case report (45), in-
volving a total of 128 patients (87 VS and 41 MCS), with
evaluation of the MMN, P3, P600 and N400 compo-
nents. The presence of MMN was significantly correlat-
ed with subsequent recovery of responsiveness in VS
patients (41-43). In particular, Wijnen et al. (42) showed
that the occurrence of an MMN amplitude greater than

-1 µV anticipated recovery
of consciousness in the fol-
lowing two years (p=0.02).
The presence of P3 predict-
ed recovery of contact in VS
patients (44) in the following
12 months, while its ab-
sence did not exclude the
possibility of recovery. In a
case of post-traumatic VS
described by Faran et al.
(45), it was possible to see
cognitive components (P3,
N400 and P600) one year
before clinical improvement
to MCS.
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Figure 2 - Brain CT showing no relevant parenchymal lesions (A); a small hyperintense lesion in
the right temporal region (B) and a right frontal mild hygroma (C) were present.

Figure 3 - EEG on day 12 dominated by slow monotonous acti-
vity at 4-5 Hz for the first 30 minutes of recording (A), not reac-
tive to different stimuli (arrow). After this phase (B), the EEG
showed spontaneous attenuation of slow activity and passive
eye closure (arrow) elicited clear-cut reactivity with the appea-
rance of a posterior 9 Hz alpha rhythm in both hemispheres.
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Concluding remarks

Most of the new studies in DOC patients have focused
on the protracted stages, using methods such as fMRI
that may offer a complementary approach to the assess-
ment of consciousness in low responsive brain-injured
patients (46-48). However, in the absence of large-scale
multicentre studies (49,50), the real contribution of func-
tional neuroimaging remains investigational and not yet
clinical (51). Moreover, these techniques are complex,
time-consuming and are not available at the bedside.
In our view it is critically important to improve assess-
ment of DOC from the early stages. It is also important
to underline that neurophysiological tests are the only in-
strumental methods validated for the prognosis of brain
damage in the acute and post-acute phases.
Taken as a whole, neurophysiological tests would ap-
pear to represent a generally available and objective
screening method, capable of identifying patients with a
poor outcome and those with uncertain or probably good
prognoses and, among these, those who might harbour
hidden cognitive activities and would thus benefit from
further investigation using non-conventional neuroimag-
ing techniques (fMRI and DWI/DTI).
We agree with authors who point to the discontinuity of
assessment (between the intensive or sub-intensive and
the chronic phases of care) among the causes of misdi-
agnosis of DOC (51). We believe that a comprehensive
multimodal neurophysiological approach, using the
more informative tests (EEG and short- and long-laten-
cy EPs/ERPs), should be included in protocols for eval-
uation of poorly-responsive patients with severe head

trauma in order to establish the patient’s actual clinical
state and prevent a LIS/LIS-like state from being mistak-
en for prolonged coma, VS or low-grade MCS. This, in
turn, will drastically reduce late “discoveries” and differ-
entiate them from very exceptional late recoveries.
Ideally, every single non-responsive patient at discharge
should be accompanied by a card including the follow-
ing information: aetiology of acute brain injury, time from
onset, clinical evaluation using GCS for the acute stage
and CRS-R for the transitional stage, neuroimaging of
brain damage (CT and MRI), EEG (dominant frequency
and reactivity), short-latency SEPs (classified as A, N
and P), long-latency EPs/ERPs (A and P), and EMG
(presence/absence of neuromyopathy).
Finally, a prognostic hypothesis should be indicated sig-
nalling eventual discrepancies between clinical status
and electrophysiological findings.
We believe that our proposal on early electroclinical as-
sessment to reduce discontinuity between the hospital
and rehabilitation stages could constitute the first step
in the evaluation of the natural history of a patient’s
DOC (52).
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