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Causes of development of severe disorders of consciousness

Hypoxic-ischemic encephalopathy, traumatic brain injury, intracerebral hemorrhage, subarachnoid hemorrhage and
brain infarction are common causes of mortality and morbidity [1-8]. Many patients affected by these acquired brain
injuries (ABIs) die in the acute stages during their stay in the intensive care unit; others, after a coma phase, usually
develop a severe disorder of consciousness (DoC), characterized by an unresponsive wakefulness syndrome or a
minimally conscious state (MCS). In some cases, consciousness level improves, transitioning to an emergence from
MCS (E-MCS); however, patients with E-MCS often show a severe neurological disability (91. In recent years,
improvements both in intensive care technology and in neurosurgical procedures have reduced the mortality rate;
however, as a result, many patients discharged from the acute setting exhibit severe DoCs.

Neurological prognosis of patients with disorders of consciousness
Predicting the neurological outcome in a patient with severe DoC is an important goal in the acute stages after
ABI (10}, mainly for two reasons: first, the appropriate therapeutic management among the intensive care units can
be better identified, and second, a patient who needs further multidisciplinary rehabilitation treatment compared
with a patient who should be addressed to a long-term care after hospital discharge, can be better identified [6,7].
However, establishing the neurological prognosis in postacute stages, when patients are already admitted to the
intensive rehabilitation units (IRUs), is also important for individualized multidisciplinary rehabilitation planning,
in view of realistic expectations of a patient’s recovery and for assisting physicians in communicating with the
patient’s family members and caregivers. However, in contrast to the literature about the acute stages, there are
no strong data about the long-term neurological prognosis in patients already admitted to the IRUs. In fact,
to date, only a few studies [9,11] have analyzed postacute clinical or instrumental predictors for late neurological
prognosis, showing some limitations and conflicting results. One of the main reasons for the lack of postacute
robust neurological predictors has been the evaluation of only one parameter at a time in most of the recent studies.
In fact, only Scarpino et al. [12] accounted for the association of postacute clinical and instrumental parameters for
the neurological outcome prediction, as suggested by Kotchoubey and Pavlov [13]. In particular the Coma Recovery
Scale-Revised total score at patient admission in IRU and its improvement in the first 4 weeks after admission, are
the only clinical variables that have been showed to be predictors of neurological outcome predictors [9]. Of the
instrumental parameters, electroencephalography (EEG) has been the test most commonly investigated both for
diagnostic and prognostic purposes.
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In contrast to neuroimaging (brain computed tomography and MRI), EEG is a simple, risk-free, and inexpensive
test that can be performed at the patient’s bedside. For these reasons, the EEG findings represent the neurological
predictor most investigated, both in the acute and postacute phases in patients with severe ABI. The 2012 American
Clinical Neurophysiology Society terminology for EEG in the critical care setting [14] was accepted by researchers as
standard for identifying specific EEG patterns as indicative of poor and good prognoses in the acute stage; however,
for the post-acute stage, data are still conflicting. This knowledge gap exists mainly because researchers have not
agreed about specific terminology and classification of the postacute EEG findings in patients with severe DoC.
Moreover, physicians have not agreed about which EEG features are most useful for prognostic purposes.

The evaluation of only one EEG descriptor at a time as a neurological predictor represents another limitation
of most of the studies. Background reactivity was the EEG descriptor most investigated [11,12,15] and even though
tested in different ways, when observed in a standard 30 min EEG recording, it was strongly suggestive of an
improvement in the long-term neurological outcome. Detectable transient patterns of stage II sleep are another
EEG descriptor widely evaluated both as a diagnostic tool for the evaluation of the severity of DoC and as a late
neurological predictor [12,16,17]. It was investigated through prolonged recordings in most of the research on this
EEG feature. However, when this descriptor is investigated through a standard 30 min EEG recording, its presence
is also related to an improvement in the neurological outcome, even with a reduced sensibility, because of the lower
chance of occurrence in a short EEG recording,.

Epileptic discharges have also been investigated as a neurological predictor; however, the results were found to
be inconsistent. Some authors showed that when epileptic discharges were present, they hampered the recovery of
consciousness [12,18] whereas Bagnato ez /. [19] reported that the occurrence of structural epilepsy did not affect the
recovery of consciousness.

To standardize the EEG interpretation, and therefore, to identify specific EEG descriptors as having good or
poor neurological prognostic meaning, some classifications for the postacute EEG of patients with DoC have been
proposed. In particular, after considering specific EEG descriptors (reactivity, voltage and frequency) as neurological
predictors, Bagnato et al. [11] arbitrarily assigned a specific score to each pattern of all the descriptors, achieving a
total score ranging from 3 to 7. Higher scores were associated with the likelihood of showing an improvement in the
consciousness level. Scarpino ez al. [12] instead applied the 2012 American Clinical Neurophysiology Society EEG
terminology [14] — which until that time had been used exclusively in the acute setting — for the interpretation of
the postacute EEG. They observed that the presence of higher frequencies (a-waves), detectable transient patterns
of stage II sleep, reactivity and variability in background EEG activity (a descriptor that had never been taken into
account previously) were associated with an improvement in the consciousness level whereas the presence of epileptic
discharges, lower frequencies (8-waves) and the absence of reactivity and variability in the background activity were
associated with a poor prognostic meaning. Estraneo ez a/. [20] also proposed a postacute EEG classification to be
used only as a diagnostic tool to better assess the patient’s consciousness level rather than as a prognostic tool.
Their classification was based mainly on the assessment of the EEG reactivity associated with the evaluation of
specific parameters of the background activity, such as frequencies, voltage or the presence of an anterior—posterior
gradient. However, to date, there is no evidence as to which of these proposed classifications has the best predictive
power for the long-term neurological outcome.

Future perspective

Further perspective multicenter studies are needed both to identify which classification is the most accurate in the
prediction of neurological improvement and to identify which EEG descriptors have a specific prognostic meaning,.
The findings would help achieve standardization in interpretation of test results as already achieved in the early
stages after ABI, during the coma phase. Addressing this knowledge gap could enable physicians to use the EEG as
a robust postacute predictor of late neurological outcome in patients with severe DoCs who are already admitted
to IRUs. Moreover, it would be worthwhile to analyze the EEGs with regard to the initial conscious state of the
patients because previous data [12] has shown that some EEG descriptors had prognostic meanings only for patients
with unresponsive wakefulness syndrome, but they did not show a significant prognostic meaning in patients with
MCS. Moreover, other authors have reported that both the initial consciousness level as the initial CRS-R score
could reflect the possibility of recovery of consciousness in the patients, regardless of the initial EEG pattern [9,12].
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Conclusion
Prognosticating neurological outcomes is an important goal in the postacute phase when patients with severe DoC
after ABI have already been admitted to the IRUs. An EEG usually performed in the first days after admission
could provide both diagnostic and prognostic information. However, to date, evidence regarding the use of EEG
as a postacute prognostic tool are limited and conflicting, mainly because only retrospective and monocentric
studies have been performed. The EEG classifications previously proposed must be compared with to determine
which is the best for postacute EEG interpretation and thus for identifying specific EEG descriptors with a specific
prognostic meaning.

According to Kotchoubey and Pavlov [13], who suggested the need of a combination of clinical data and auxiliary
variables for the neurological prognosis, the EEG has the potential to be the ideal instrumental test for neurological
prognostication.
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