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INVITED REVIEW

EEG for Diagnosis and Prognosis of Acute Nonhypoxic
Encephalopathy: History and Current Evidence

Raoul Sutter,*† Peter W. Kaplan,‡ Martina Valença,§ and Gian Marco De Marchis†

Summary: The term encephalopathy encompasses a wide variety of complex
syndromes caused by a large number of different toxic, metabolic, infectious,
and degenerative derangements. Acute encephalopathy typically presents
with a fluctuating course involving alteration of mental status or confusion
and decreased (or rarely increased) motor activity. There usually are lethargy,
cognitive impairment, altered memory and mental processing of information,
and disturbed sleep–wake cycles. Encephalopathy mainly occurs in the
elderly and is frequently encountered in intensive care units and post-
operatively. Despite new diagnostic procedures and advances in intensive
medical care, acute encephalopathy constitutes a significant cause of
morbidity and mortality in hospitalized patients. EEG enables rapid bedside
electrophysiological monitoring providing dynamic real-time information on
neocortical brain activity and dysfunction. Hence, EEG complements clinical
and neuroimaging assessments of encephalopathic patients. Progressive
slowing of EEG background activity with increasing cerebral compromise,
the emergence of episodic electrographic transients, seizures, and decreased
EEG reactivity to external stimuli provide important diagnostic and
prognostic information. The aim of this review was to provide a comprehen-
sive overview of the current evidence for the diagnostic and prognostic value
of EEG in adult intensive care unit patients with acute nonhypoxic
encephalopathy.

Key Words: EEG, EEG patterns, nonhypoxic encephalopathy, altered mental
status, diagnosis, prognosis, neurocritical care.

(J Clin Neurophysiol 2015;32: 456–464)

DEALING WITH ACUTE NONHYPOXIC ENCEPHA-
LOPATHY IN INTENSIVE CARE UNITS

Acute encephalopathy is a term often used by (neuro-)
intensivists and electroencephalographers to describe a state of
diffuse or multifocal brain dysfunction evolving over hours to days.
The clinical appearance of acute encephalopathy typically includes
decreased (or rarely increased) motor activity, lethargy, cognitive
impairment in concentration and memory, altered mental status, and
abnormal sleep–wake cycles. Encephalopathy frequently occurs in
the elderly and is encountered in intensive care units (ICUs), and
postoperatively constitutes a significant cause of morbidity and
mortality. With the exception of hypoxic–ischemic encephalopathy
after cardiorespiratory arrest, acute encephalopathy usually arises
from a combination of multiple and often potentially reversible

pathologies including infections, endocrine disorders, insufficiency
or failure of the kidneys, liver, lungs, and heart.

Despite rapid advances in modern techniques of static and
functional neuroimaging, the EEG remains the diagnostic tool of
choice to uncover encephalopathy in obtunded ICU patients. As
compared with biochemical and neuroimaging analysis, the EEG
enables rapid bedside electrophysiological recording providing real-
time information of neocortical brain activity and dysfunction.
Furthermore, a normal EEG can exclude other causes of confusion
or language disturbance and guide the physician toward particular
underlying disorders. However, acquisition, reading, and interpretation
of the EEG in encephalopathic ICU patients can be compromised by
several factors (Kaplan, 2006) including problems of electrode
placement, sweating, movements from agitated and disinhibited
patients, muscle activity, and electrical interference from several
different ICU devices including monitoring equipment, respiratory
and cardiac supporting machines, emergency resuscitation devices,
and ambient electrostatic sources used during neurocritical care.

The aim of this review was to provide a comprehensive
overview of the current evidence for the diagnostic and prognostic
value of EEG in adult ICU patients with acute nonhypoxic
encephalopathy.

HISTORY OF EEG IN ACUTE
NONHYPOXIC ENCEPHALOPATHY

The history of EEG and its use for the diagnosis and prognosis
in acute encephalopathy starts in the 1920s. Figure 1 gives an
overview of the most important cornerstones over time.

Since the first description of the existence of human electrical
brain signals in the 1920s by Hans Berger, a German neuropsychi-
atrist (Berger, 1929), several examinations were conducted by
Berger an others in the 1930s such as examinations of human
EEG patterns in hypoxic brain injury and epilepsy, changes in EEG
signals with mental activities, and EEG patterns of diffuse and
localized brain dysfunctions.

Throughout the 1950s, clinical and experimental neurophys-
iologic EEG studies expanded worldwide with new discoveries as
in cerebral recruiting responses, the effects of descending and
mostly inhibitory influences of the brainstem reticular formation,
and the use of EEG to locate brain regions that generated epileptic
activity.

Studies in the 1960s reported generalized slowing of the basic
rhythm and increases in voltage of EEG frequencies in the theta and
delta ranges with metabolic abnormalities (Arjundas et al., 1965;
Creutzfeldt and Meisch, 1963). This discovery was followed by
investigations in the 1970s revealing progressive slowing of the EEG
background frequency with progressive depth of anesthesia, wors-
ening of encephalopathy, and deepening levels of coma (Stockard
and Bickford, 1975). Such EEG changes can still be found in
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encephalopathic ICU patients, and they correlate well with different
levels of sedation (Fig. 2). Simultaneously, particular focalized EEG
patterns were described with cortical, subcortical, and combined
lesions in cats (Gloor et al., 1977) further delineating the diagnostic
yield of EEG regarding the differentiation between focal and diffuse
or generalized brain dysfunction.

In the 1980s and 1990s, observations using time-synchronized
video EEG led to the conclusions that certain EEG patterns were
accompanying clinical signs of brain dysfunction in several diseases.
The EEG patterns most studied were dominant delta patterns, diffuse
severe suppression, intermittent rhythmic delta activity (Fariello
et al., 1982; Hooshmand, 1983; Kameda et al., 1995; Nazarian et al.,
1987), triphasic waves (TWs) (Bahamon-Dussan et al., 1989; Fisch

and Klass, 1988; Karnaze and Bickford, 1984; Ogunyemi, 1996;
Sundaram and Blume, 1987), diffuse unreactive alpha frequency
patterns (Deleu and Ebinger, 1989; Hrachovy, 1982; Iragui and
McCutchen, 1983; Kaplan et al., 1999; Kuroiwa et al., 1981;
Morioka et al., 1996; Pourmand and Markand, 1985; Synek and
Glasgow, 1985; Young et al., 1994), and spindle-like sleep patterns
(Bortone et al., 1996; Britt et al., 1980; Dadmehr et al., 1987;
Mouradian and Penovich, 1985; Pulst and Lombroso, 1983).

However, the promises of the diagnostic specificity of EEG in
encephalopathy were not confirmed in recent decades. Despite the
long experience of EEG in encephalopathy, formal studies investigat-
ing the diagnostic and prognostic value of particular EEG patterns are
scarce. Such studies would need to compare healthy with nonhealthy,

FIG. 1. Cornerstones in the history of the diagnostic and prognostic use of EEG over time. IRDA, intermittent rhythmic delta
activity; TWs, triphasic waves.

FIG. 2. Slowing of the basic EEG rhythm with progressive anesthesia (adapted from Sutter R, Kaplan PW. Electroencephalographic
patterns in coma: when things slow down. Epileptologie 2012). Adaptations are themselves works protected by copyright. So in order
to publish this adaptation, authorization must be obtained both from the owner of the copyright in the original work and from the
owner of copyright in the translation or adaptation.
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nonencephalopathic with encephalopathic patients, or population with
a specific underlying etiology or EEG pattern with controls.

EEG PATTERNS FOR DIAGNOSIS

Theta Frequency Range
Theta activity is characterized by a generalized slowing of the

EEG background activity to 4 to 7 Hz (Fig. 3; left). Intrusions of
a frequency range of ,4 Hz or 8 to 13 Hz may be intermingled, but
do not exceed 20% of the recording time during wakefulness
(Nowack et al., 1987; Young et al., 1994).

In our cohort study of encephalopathic patients with different
EEG patterns, theta activity was associated with brain atrophy on
neuroimaging (Sutter et al., 2012). As with patients with TWs, but in
a smaller proportion, there were a high number of metabolic
problems (54% of patients) and structural abnormalities (in 80%)
with 56% of patients having $ 2 concurrent pathologic conditions.
Another form of theta activity is associated with poor prognosis and
typically appears “invariable” and mostly unreactive (i.e., theta
coma). This pattern is typically seen after hypoxic brain injury and
will not be further discussed in this review.

Theta–Delta Frequency Range
Theta–delta activity is defined as a slow background activity of

4 to 7 Hz and without a focal predominance (Fig. 3; middle).
Intrusions of a frequency range of 8 to 13 Hz do not exceed 20% of
the recording time during wakefulness, and a frequency range of ,4
Hz can be seen in 20% to 50% of the recording time during
drowsiness or arousal. At times, TWs (as defined below) may emerge.

This pattern has been shown in patients with combined large
cortical and subcortical structural abnormalities (Kaplan and
Rossetti, 2011). In patients with metabolic derangements, theta–
delta activity may include TWs (Kaplan and Rossetti, 2011; Sutter
et al., 2013a). In a study, with intracerebral hemorrhage in
encephalopathic patients theta-delta was the only independently
association with theta–delta activity (Sutter et al., 2012).

Delta Frequency Range
This pattern mainly consists of a predominant background

activity with a frequency range of ,4 Hz, and typically with
amplitudes of .80 mV and sometimes reach several 100 mV (Fig. 3;
right). Intrusion of faster activity within the frequency range of 4 to
13 Hz is sparse, occupying ,20% of the recording time during
drowsiness or arousal. Generalized delta patterns may appear
polymorphic, or even rhythmic. At times, blunted TWs (as defined
below) may emerge.

Dominant delta activity is mostly seen in late stages of
encephalopathy and in deep coma. However, reaction of the basic
rhythm to noxious stimuli is often preserved. Early studies in patients
with encephalopathy or coma identified metabolic derangements in
association with delta dominant patterns (Chatrian, 1990; Chatrian and
Turella, 2003; Husain, 2006) and focal or unilateral delta activity in
association with focal subcortical brain lesions. Recent observations
suggest that delta activity may be the result of large subcortical white
matter alterations (Kaplan and Rossetti, 2011). In our previous study,
delta activity was associated with signs of a posterior reversible
encephalopathy syndrome and alcohol or drug abuse (Sutter et al.,
2012). Several patients also had concurrent infections and metabolic
problems, however, without reaching significance in multivariable
analyses for the association with the delta pattern.

Episodic Transients

Intermittent Generalized Rhythmic Delta Activity With
Frontal Predominance

Intermittent generalized rhythmic delta activity (GRDA)
with frontal predominance (formerly FIRDA), defined as a repet-
itive appearance of up to 2 seconds of frontal rhythmic slow
waves activity at ,4 Hz (i.e., delta waves; Fig. 4) (Accolla et al.,
2011; Cobb, 1945; Cordeau, 1959; Daly et al., 1953; Hooshmand,
1983), is usually reactive to external noxious stimulation (Cobb,
1945; Fariello et al., 1982). Contrasting with frontal seizures,
intermittent GRDA with frontal predominance exhibits no phase
reversals and largely retains reactive alpha background activity
(Sutter et al., 2012).

FIG. 3. The different grades of slowing of the basic rhythm in acute encephalopathy Theta activity: generalized slowing of
background activity with frequencies in the theta (4–7 Hz) range. Theta-delta activity: generalized slowing of background activity
with frequencies in the theta (4–7 Hz) and delta (,4 Hz) range. Polymorphic high-voltage delta activity: generalized slowing of
high-voltage (.100 mV) delta (,4 Hz) background activity with intrusions of faster frequencies in the theta (3–7 Hz) range.
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Early studies suggested that intermittent GRDA with frontal
predominance is associated with raised intracranial pressure and
deep midline lesions (Cordeau, 1959), brain tumors (Faure et al.,
1951), and subcortical lesions (Jasper and Van Buren, 1955).
However, more recent investigations compared several encephalo-
pathic patients with intermittent GRDA with frontal predominance
with encephalopathic patients without intermittent GRDA with
frontal predominance and identified a wider range of brain lesions
in association with intermittent GRDA with frontal predominance,
indicating its nonspecific nature (Accolla et al., 2011). A larger study
of encephalopathic patients presenting EEG patterns such as slowing
of background activity and intermittent GRDA with frontal pre-
dominance, revealed an association of cerebrovascular accidents
with Intermittent GRDA with frontal predominance independent of
possible confounders (Sutter et al., 2012). However, as in the
previous studies, several patients had additional cerebral structural
abnormalities (mainly with white matter lesions, atrophy, and
intracranial hemorrhage).

Triphasic Waves
Triphasic waves usually have an amplitude of .70 mV and

consist of positive sharp transients that are preceded and followed by
negative waves of lower amplitude (Fig. 5). They usually appear
bilaterally, often diffusely and synchronously, but with a frontocen-
tral predominance, an anterior–posterior, or posterior–anterior time
lag, and a frequency of 1.5 to 2.5 Hz (Brigo and Storti, 2011). The
most frequent background activity seen in patients with TWs is in the
theta–delta range, but they also may emerge during delta activity
(Sutter et al., 2012). Triphasic waves may be misinterpreted as ictal
patterns, especially when they appear asymmetrically or are
unilateral. Triphasic waves can usually be distinguished from
epileptiform patterns by their longer complex duration (.80 milli-
seconds), the low amplitude of the initial negative (i.e., up-going)

phase, the long duration between the beginning of the second (i.e.,
down-going) phase and the end of the vertical portion of the
ascending part of the third phase (before the after-going slow wave)
(Brigo and Storti, 2011; Kaplan and Schlattman, 2012; Kwon et al.,
2007). The usual maximal amplitude and representation in the
central–frontal rather than the anterior frontal EEG derivations may
also help differentiating them from ictal patterns (Brigo and Storti,
2011; Kaplan and Schlattman, 2012; Kwon et al., 2007). Unlike
epileptic discharges, TWs usually increase with arousal or noxious
stimuli (although they sometimes paradoxically decrease). They
typically decrease with the administration of benzodiazepines but
without clinical improvement (Boulanger et al., 2006; Fountain and
Waldman, 2001).

Triphasic waves are believed to reflect abnormal activity
within thalamocortical circuits (Karnaze and Bickford, 1984; Kwon
et al., 2007) and have been associated with liver and multiorgan
failure (Sutter et al., 2012). Two thirds of these patients also had high
proportions of cerebral structural abnormalities, infections, and
metabolic problems indicating that TWs are the result of diffuse
brain dysfunction resulting from a complex interplay of different
pathologic conditions. We performed a case–control study to
uncover clinical and radiological associations of TWs in encepha-
lopathy in patients with TWs that were 1:1 matched by Glasgow
Coma Scale and the frequency range of EEG background activity
with encephalopathic patients without TWs (controls) (Sutter and
Kaplan, 2014). In multivariable analyses, patients with TWs had
higher odds for liver insufficiency, alcohol abuse, subcortical brain
atrophy, and respiratory tract infections. With each additional
independent predictor, the odds increased for the occurrence of TWs.

Lateralized Periodic Discharges and Epileptic Seizures
Lateralized periodic discharges (LPDs) are stereotyped epi-

leptiform discharges at an almost constant frequency with discharges

FIG. 4. Intermittent generalized rhythmic delta activity (GRDA) with frontal predominance in acute encephalopathy. Generalized
slowing of background activity with frequencies in the upper theta (4–7 Hz) range and bilateral synchronous intermittent GRDA with
frontal predominance.
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occurring at consistent intervals (Fig. 6). Sometimes, they appear as
epileptic discharges (e.g., spikes, polyspikes, sharp waves, sharply
contoured slow waves, or a mixture of spikes and slow waves) and
electroencephalographers may struggle with clear classifications.
However, there are clear differences that enable a distinction
between spikes and LPDs. While epileptic discharges are very fast,
lasting ,80 milliseconds, clearly stand out from the basic rhythms,
and may be followed by slow delta waves (i.e., spike waves), LPDs

are typically slower and blunted discharges lasting more than 80
milliseconds and are not necessarily followed by broader waves. In
contrast to LPDs that typically do not occur in trains at higher
frequencies, spikes can evolve in trains (i.e., polyspikes) that occur at
up to 20 Hz. The differentiation between LPDs and sharp waves is
more challenging as LPDs last more than 80 to 200 milliseconds but
still stand out from the surrounding brain EEG activity and are
followed by much broader slow waves with a frequency range of 1 to

FIG. 5. Triphasic waves in acute encephalopathy. Generalized slowing of background activity with frequencies in the theta (4–7
Hz) and delta (,4 Hz) range and bilateral high-voltage (70–100 mV) triphasic waves with a frontocentral maximum and an
anterior-posterior or posterior-anterior shift.

FIG. 6. Lateralized periodic epileptiform discharges over the right hemisphere.
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7 Hz. The latter may appear monophasic, biphasic, or triphasic and
are typically of high amplitude (100–300 mV) and occur at intervals
of 0.3 seconds up to several seconds. In contrast to “real” TWs,
triphasic LPDs have no anterior-posterior or posterior-anterior time
lag as described above. However, the distinction between “real” or
“true” TWs, and triphasic LPDs is often challenging. Perhaps, the
least distinct border between epileptic discharges, seizures, and
encephalopathic discharges lies at the end of a seizure or at the
beginning of a postictal state, with widespread brain dysfunction,
which may reasonably be termed a “postictal encephalopathic state”
(Drislane, 2013). Sometimes the transformation from seizures to
a “postictal encephalopathic state” can be prolonged (so called
“ictal–interictal continuum”), during which a clear distinction
between seizures versus encephalopathy is problematic (Chong
and Hirsch, 2005). Clinically and electroencephalographically,
postictal states may resemble different types of encephalopathies.
Some postictal states can last up to several hours or days, especially
in patients with prolonged seizures (e.g., clusters of repetitive
seizures or status epilepticus) (Biton et al., 1990). EEG waveforms
during seizures and the clinical response to antiepileptic drugs can
vary. There may be a rapid clinical improvement, allowing a clear
diagnosis of seizures, but the lack of a clinical improvement is not
a proof that seizures are not present since the response to
antiepileptics may be markedly delayed (Kaplan, 1996). Since the
term “ictal–interictal continuum” has been coined, discussions are
ongoing, and a clear distinction is not always possible.

Lateralized periodic discharges can also be seen in obtunded
patients with limbic autoimmune encephalitides. In these patients,
LPDs typically emerge over temporal or temporo–frontal lobes.
However, seizures, and status epilepticus can also be found. There
may also be focal or more diffuse slowing in the theta–delta range
favoring the temporal or frontal regions (Kaplan and Sutter, 2013).
However, studies regarding LPDs and seizures in encephalopathic
patients and their association with the presence of autoimmune limbic
encephalitis are lacking. In NMDA-receptor autoantibody-related
encephalitis, typical rhythmic delta activity together with extreme
delta brush patterns can emerge in up to 30% of affected patients and
are associated with a more prolonged recovery (Schmitt et al., 2012).

In contrast to limbic encephalitides, there are studies revealing
an association of the presence of LPDs and focal (mostly temporo–
occipital) slowing with encephalitis caused by the Herpes simplex
virus in encephalopathic patients with different types of encephalitis
(Brodtkorb et al., 1982; Lai and Gragasin, 1988; Sutter et al., 2014a;
Sutter et al., 2014b; Upton and Gumpert, 1970). Although there are
studies regarding the occurrence and characteristics of LPDs
especially in patients with Herpes simplex virus encephalitis
(Brodtkorb et al., 1982; Lai and Gragasin, 1988; Upton and
Gumpert, 1970), systematic and quantitative analyses regarding the
diagnostic value of LPDs for Herpes simplex virus encephalitis in
encephalopathic patients are scarce.

EEG PATTERNS AND PROGNOSIS

Grades of Slowing of the Basic Rhythm
and Outcome

Reactive alpha coma patterns usually emerge after drug
overdoses and lead to recovery in up to 90% (Austin et al., 1988;
Carroll and Mastaglia, 1979; Deleu and Ebinger, 1989; Kaplan et al.,
1999). Intoxication is usually caused by barbiturates, benzodiaze-
pines, anesthetic agents, and anxiolytic agents (Chatrian and Turella,

2003). EEG background reactivity is usually preserved and outcome
tends to be good (Kaplan et al., 1999).

Aside from “benign” theta dominant patterns with preserved
background reactivity in patients with cortical dysfunction such as in
dementia or mild-to- moderate encephalopathy (Kaplan and Rossetti,
2011), theta can be seen without background reactivity to external
stimulation in coma from hypoxic–ischemic brain injury, in which it
carries a poor prognosis (Berkhoff et al., 2000).

Overall, delta activity is associated with poor outcome
(Chatrian and Turella, 2003). However, in our study of encephalo-
pathic patients, high-voltage delta activity was not associated with
poor outcome in the multivariable analysis (Sutter et al., 2012). This
may be explained by the small sample size of this subgroup of
patients and by the fact that in our cohort, high-voltage delta activity
was associated with potentially reversible pathologic conditions such
as signs of a posterior reversible encephalopathy syndrome and
alcohol or drug abuse.

Other studies of EEG patterns with slowing of the posterior
basic rhythm investigating their predictive value have been done in
hypoxic encephalopathy and will not be discussed in this review.

In conclusion, associations are described between different
grades of slowing of EEG background activity and outcome;
however, prognosis is predominantly determined by etiology.

Intermittent Generalized Rhythmic Delta Activity
With Frontal Predominance and Outcome

In our study of encephalopathic patients, the presence of
intermittent GRDA with frontal predominance was associated with
favorable outcome in the multivariable analyses independent of
possible confounders (Sutter et al., 2012). However, additional
systematic studies are needed to confirm this finding.

EEG Reactivity of the Basic Rhythm and Outcome
The predictive value of reactive basic rhythm on EEG to

noxious stimuli has been well examined in hypoxic encephalopathy
after cardiac arrest. However, recent studies have shown that EEG
reactivity has also an important predictive value in patients with
nonhypoxic encephalopathies.

As described above, alpha coma patterns that typically show
preserved EEG background reactivity to stimuli usually emerge after
drug overdoses and lead to recovery in most of the patients (90%)
(Austin et al., 1988; Carroll and Mastaglia, 1979; Deleu and Ebinger,
1989; Kaplan et al., 1999). In contrast, unreactive low-voltage delta coma
is associated with severe cerebral dysfunction and poor outcome (Kaplan,
2004; Kaplan and Rossetti, 2011; Niedermeyer and Da Silva, 1993).

Further evidence for the reliable prediction of outcome of
EEG background reactivity comes from a recent study of enceph-
alopathic patients with TWs (Sutter et al., 2013b). Although this
study was designed to identify EEG characteristics of TWs that may
predict outcome, none of these characteristics was found to predict
death or recovery, but absent EEG background reactivity to stimuli
was identified as an independent predictor for death. These findings
clearly indicate that the prediction of outcome in encephalopathy is
not restricted to patients with severe brain damage resulting from
cardiac arrest, as previously thought.

EEG Sleep Elements and Outcome
Disturbances of physiologic sleep are reported to be

present in up to 50% of the patients with severe brain injury
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(Cohen et al., 1992; Nakase-Richardson et al., 2013) and be
associated with prolonged amnesia, prolonged hospital stay
(Nakase-Richardson et al., 2013) and long-term neurobehavioral
impairment (Cohen et al., 1992). In patients with hepatic
encephalopathy (Samanta et al., 2013) and chronic renal failure
(Merlino et al., 2008), sleep alteration is recognized in up to 80%.
While the pathophysiologic mechanisms of sleep disturbances in
encephalopathy remain unclear, sleep-deprived healthy subjects
may suffer from adverse effects on metabolism (Spiegel et al.,
1999), inflammatory reactions, immune (Vgontzas et al., 2004),
and cardiac function (Ayas et al., 2003) leading to the hypothesis
that sleep disturbances may interfere with neuronal regeneration.
Conversely, it is hypothesized that the preservation of physio-
logic sleep architecture may be linked to favorable outcome and
may be key to a reliable prediction of outcome. A recent study
was designed to determine the prognostic value of EEG elements
of sleep, such as vertex sharp waves, sleep spindles, and
K-complexes as shown in Figure 7, early on in encephalopathy
(Sutter et al., 2014a; Sutter et al., 2014b). In this study, the
presence of K-complexes was significantly associated with good
outcome even after adjusting for possible confounders and
without significant effect modification across subgroups.

A New Paradigm for Outcome Scoring Systems
Based on the current knowledge regarding the value of

clinical and EEG features for prediction of outcome, new scoring
systems should be evaluated in future studies to further improve
prognosis in the setting of acute nonhypoxic encephalopathy.
Figure 8 proposes a new, but as yet unvalidated, paradigm for

prediction of outcome compiling the current knowledge in this
context. Future studies would need to generate and validate new
scoring systems for prognostication. The interplay of different
clinical- and EEG-related outcome predictors may then increase
the reliability of outcome prediction in acute nonhypoxic

FIG. 7. Sleep elements in acute encephalopathy.

FIG. 8. Proposed paradigm for prognostication of outcome
in acute encephalopathy. GRDA ¼ generalized rhythmic delta
activity; TWs, triphasic waves.
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encephalopathy. Additional studies of encephalopathic patients
without underlying hypoxic brain injury are needed to further
strengthen the evidence for the predictive value of particular
EEG patterns.

CONCLUSIONS
The EEG enables electrophysiological monitoring providing

dynamic real-time information of neocortical brain activity comple-
menting clinical and neuroimaging assessments of patients with
acute encephalopathies. Changes in EEG frequency and amplitude,
episodic transients such as TWs, intermittent GRDA with frontal
predominance, and LPDs may guide the clinicians in diagnosis and
treatment. Furthermore, EEG may reveal prolonged subclinical
seizures or occult status epilepticus that may result in encephalop-
athy and require immediate antiepileptic treatment.

The reaction of the basic rhythm to stimuli or arousal and the
presence or absence of EEG sleep elements may provide important
prognostic information. Future studies need to compile the different
clinical and EEG features that provide prognostic information and
include them into a new scoring system for prognostication,
shedding clarity in the fog of encephalopathy.
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