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Abstract

Background: Electroencephalography (EEG) is a well-established tool for assessing brain function that is available at
the bedside in the intensive care unit (ICU). This review aims to discuss the relevance of electroencephalographic
reactivity (EEG-R) in patients with impaired consciousness and to describe the neurophysiological mechanisms
involved.

Methods: We conducted a systematic search of the term “EEG reactivity and coma” using the PubMed database.
The search encompassed articles published from inception to March 2018 and produced 202 articles, of which 42
were deemed relevant, assessing the importance of EEG-R in relationship to outcomes in patients with impaired
consciousness, and were therefore included in this review.

Results: Although definitions, characteristics and methods used to assess EEG-R are heterogeneous, several studies
underline that a lack of EEG-R is associated with mortality and unfavorable outcome in patients with impaired
consciousness. However, preserved EEG-R is linked to better odds of survival. Exploring EEG-R to nociceptive,
auditory, and visual stimuli enables a noninvasive trimodal functional assessment of peripheral and central
sensory ascending pathways that project to the brainstem, the thalamus and the cerebral cortex. A lack of
EEG-R in patients with impaired consciousness may result from altered modulation of thalamocortical loop
activity by afferent sensory input due to neural impairment. Assessing EEG-R is a valuable tool for the diagnosis and
outcome prediction of severe brain dysfunction in critically ill patients.

Conclusions: This review emphasizes that whatever the etiology, patients with impaired consciousness featuring a
reactive electroencephalogram are more likely to have a favorable outcome, whereas those with a nonreactive
electroencephalogram are prone to having an unfavorable outcome. EEG-R is therefore a valuable prognostic
parameter and warrants a rigorous assessment. However, current assessment methods are heterogeneous, and
no consensus exists. Standardization of stimulation and interpretation methods is needed.
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Background
Electroencephalography (EEG) is a clinical neurophysiology
tool used to evaluate cerebral cortex activity that possesses
demonstrated efficacy for the diagnosis, monitoring, and
prognosis of brain disorders in critically ill patients [1–4].
Guidelines of the International Federation of Clinical
Neurophysiology and the American Society of Clinical
Neurophysiology provide standardized methods for EEG
recording and analysis in intensive care unit (ICU) patients
[1, 5–7]. EEG analysis relies mainly on the analysis of
basic parameters such as the dominant frequency of
background activity and its continuity, reactivity to
stimuli, and the symmetry and occurrence of paroxys-
mal activities [1, 2, 8–11]. Many abnormal EEG patterns
predict a poor outcome in critically ill patients [11–23].
Several EEG scores have been described [2, 4, 22, 24–26].
Several studies point out that electroencephalographic
reactivity (EEG-R) or the absence thereof was particularly
useful for prognostication in patients with impaired con-
sciousness [8, 27–30]. Although there is no consensus
regarding the definition or the methods to use in assessing
EEG-R, EEG-R could be defined as diffuse and transient
changes in scalp recorded EEG activity in response to
sensorial external stimuli. Such stimuli may be auditory
(clapping and loudly calling the patient’s name), nocicep-
tive (pinching of limbs or nipples, compression of the fin-
gernails or of the periosteal surfaces of bones) [31], or
visual (spontaneous or forced eye opening, intermittent
photic stimulation) [29, 31–39]. The amplitude and/or fre-
quency of EEG activity may change in response to external
stimulation (Fig. 1). However, EEGs merely exhibiting
stimuli-induced rhythmic, periodic, or ictal discharges [36]
or muscle activity or eye blink artifacts are not considered
as reactive by many authors [1, 5–7]. Because visual ana-
lysis of reactivity is prone to subjectivity [40–42], auto-
mated quantitative approaches have been proposed [37].
EEG-R to nociceptive, auditory, and/or photic stimulation
requires the functional integrity of peripheral sensory path-
ways, the brainstem, subcortical structures, and the cere-
bral cortex. Absent EEG-R could therefore result from a
severe dysfunction of any of these structures, precluding
the cortical activation by the afferent somatosensory stim-
uli [43]. The importance of EEG-R in predicting patient out-
come in postanoxic coma has been documented in many
studies since the 1960s [14, 41, 44–46]. Lack of EEG-R has
been shown to be of prognostic value in postanoxic, post-
traumatic, or hepatic encephalopathies [3, 8, 16, 27–29, 47].
The present review highlights and discusses the mechanisms
and particular usefulness of EEG-R for determining the
prognosis of patients with impaired consciousness.

Methods
We systematically searched the literature in the PubMed
database for published reports pertaining to the use of

EEG-R in outcome prediction in patients with impaired
consciousness, from inception until March 2018, using
the following search terms: (EEG reactivity OR electro-
encephalogram reactivity OR reactive EEG) AND
(coma OR anoxic OR cerebral anoxia OR hypoxia OR
post anoxic coma OR resuscitation OR cardiac arrest
OR traumatic brain injury OR TBI OR encephalopathy
OR unconscious OR vegetative state OR unresponsive
wakefulness syndrome OR minimally conscious state)
AND (outcome OR prognosis OR prognostication OR
prediction OR predictive value OR mortality OR
survival OR awakening). The search yielded 202 arti-
cles. Of these, we excluded non-English-language arti-
cles (n = 25) as well as those for which no full text was
available (n = 28). Of the 149 remaining articles, we
included 80 publications covering assessment of EEG-R
and its impact on the prognosis of patients with im-
paired consciousness. Among these 80 publications
were 17 review articles, 2 systematic reviews [32, 48],
and 61 clinical investigation papers. We then carefully
read and scrutinized all of these latter 61 articles.

Results
Data on the prognostic value of EEG-R in patients with
impaired consciousness were explicitly reported in only 42
of the papers [8, 28, 30, 33, 37, 38, 44, 49–83] (see Table 1).
Most studies in the present review assessed EEG within
the first week following admission to the ICU or rehabili-
tation unit for postacute disorders of consciousness.
EEG-R to external stimulation has emerged as an import-
ant predictor of improved outcome in a wide variety of
clinical conditions [3, 8, 16, 27–29, 47], including trau-
matic brain injury (TBI) and anoxic brain injury [14, 16,
18, 72, 84]. Logi et al. [14] assessed the value of EEG-R in
predicting consciousness recovery in 50 unconscious post-
acute brain injury patients. EEG patterns were ranked
according to Synek’s classification [85]. EEG was reactive
in 48% of the patients, and 92% of the patients with react-
ive EEG recovered consciousness within 5 months of EEG
recording. Furthermore, multivariable analysis indicated
that an unconscious patient admitted to the rehabilitation
unit within 2 months from brain injury, with a Level of
Cognitive Functioning Scale score equal to 2 and the pres-
ence of reactive EEG, had a probability of recovery of
consciousness higher than 97%. They concluded that
EEG-R had a high predictive value for the prognosis
of recovery of consciousness in the postacute phase of
brain injury, with a high specificity (88.9%). In 2015,
Bagnato et al. [50] analyzed EEG predictors of outcome in
106 patients with disorders of consciousness admitted for
intensive rehabilitation and found that mean Coma
Recovery Scale–Revised (CRS-R) scores were lower in
patients without EEG-R than in patients with EEG-R, at
admission and after 3 months. Moreover, patients without

Azabou et al. Critical Care  (2018) 22:184 Page 2 of 15



EEG-R had less CRS-R score improvement after 3 months
than patients with EEG-R [50]. More recently, the same
team reported that in a group of 28 patients with unre-
sponsive wakefulness syndrome, 16 patients exhibited
improved consciousness at 6 months [33]. EEG-R at ad-
mission was absent in all patients devoid of improved con-
sciousness. Additionally, only patients with improved
consciousness exhibited a reappearance of EEG-R after
6 months [33].
In 1999, Kaplan et al. performed a retrospective ana-

lysis of the value of EEG-R to noxious stimuli for pre-
dicting outcome in 36 cases of alpha coma patients [44].
Fourteen of the 19 patients with nonreactive EEG died;

2 had support discontinued; and only 3 awoke. Kaplan et
al. concluded that, although the cause of alpha coma
largely predicted outcome, EEG-R predicted survival
because most patients with EEG-R awoke, whereas most
of those without EEG-R died [44]. Fernández-Torre et
al. showed that in 26 patients with a diagnosis of posta-
noxic alpha coma, theta coma, or alpha-theta coma,
EEG-R was associated with survival (p = 0.07) [57]. In
2009, Rossetti et al. found that postanoxic status epilep-
ticus patients with favorable outcome exhibited pre-
served brainstem reflexes, cortical somatosensory
evoked potentials (SSEPs), and reactive EEG background
[18]. The same team demonstrated in 2010 that EEG

Fig. 1 Example of a reactive electroencephalogram (EEG) following auditory stimulation (claps) of a patient with impaired consciousness. Upper:
A 20-second epoch EEG sample showing a diffuse and synchronous slowing of the EEG background activity, appearing immediately after the auditory
stimulus (claps) in an ICU patient with sepsis-associated encephalopathy. Recording: 20 mm/s, sensitivity: 10 μV/mm; filter settings: 0.5–70 Hz. Lower:
EEG spectral power featuring topographic mapping of power of each main EEG frequency band (delta, theta, and alpha) computed 10 seconds before
and 10 seconds after the auditory stimulus onset (claps). EEG changes from a theta-dominant frequency (before stimulation) into a delta-dominant
one (after stimulation). Higher-power values are shown in warm colors, and cool colors depict lower power
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background reactivity was useful in determining a prog-
nosis in cardiac arrest survivors treated by therapeutic
hypothermia [72]. In addition, median serum
neuron-specific enolase peak values were higher in pa-
tients with nonreactive EEG background and discontinu-
ous patterns, suggesting increased neuronal damage, and
all subjects with nonreactive EEGs died [16]. Of the 36
patients studied by Ribeiro et al. [8], who had postanoxic
encephalopathy showing generalized periodic epilepti-
form discharges on their first EEG, clinical characteris-
tics between survivors and nonsurvivors did not
significantly differ except for a trend toward significance
for the presence of reactivity on the first EEG [71]. In
our recent prospective study of 61 postanoxic patients
with coma, the EEG was nonreactive in 48 patients, of
whom 46 (95.8%) had an unfavorable outcome, defined
as death, vegetative state, minimal conscious state, or se-
vere disability [8]. We found that nonreactive EEG had a
high sensitivity and specificity similar to those of the
well-established Synek score for predicting an unfavor-
able outcome [3, 14, 15, 22, 84, 86, 87]. In accordance
with Gilmore et al. [28], who showed that a lack of
EEG-R was associated with mortality up to 1 year fol-
lowing discharge in ICU patients with sepsis, we recently
found in a population of 110 patients with sepsis that
ICU mortality was independently associated with the ab-
sence of EEG-R [27]. Furthermore, absence of EEG-R
correlated with later development of in-ICU delirium.
The absence of EEG-R and subsequent occurrence of
delirium might be related to an impairment of cortical
or brainstem function [88]. A possible role of sedation in
the abolition of EEG-R may be hypothesized because ad-
ministration of midazolam has been shown to increase
the risk of delirium [89]. However, absence of EEG-R did
not correlate with midazolam infusion rates or with the
Richmond Agitation-Sedation Scale score in our study.
Conversely, unfavorable outcomes in patients who
nevertheless present EEG responsiveness is also
observed [14, 62]. This may be related to a lack of
standardization of stimulations as previously discussed.
Unfortunately, the procedure is rarely detailed in the
literature.
The exact protocols and types of stimuli used for

assessing EEG-R are quite heterogeneous, but three mo-
dalities of stimuli are used: the somesthetic modality, the
auditory modality, and visual modality. Among the 42
studies in the present review, the 3 modalities were
jointly tested in 15 (36%); both the somesthetic and
auditory modalities were jointly tested in 14 (33%); 6
(14%) studies used only the somesthetic modality; and 3
(7%) studies used the visual modality alone. Stimulation
modality was not described in four studies (10%). The
visual modality is less frequently used, probably because
the visual pathways are a little more difficult to assess in

comatose patients compared with the auditory and
somesthetic pathways. Johnsen et al. [37], systematically
using all three stimulation modalities for EEG-R assess-
ment, demonstrated that the nociceptive modality was
the most effective type of stimulation (20.4%), followed
by the auditory (8.7%) and visual (6.7%) modalities. Dis-
crimination between good and poor outcomes was best
in the theta and alpha bands for nociceptive stimulation
in the first 10–20 seconds and for auditory stimulation
in the first 5–10 seconds, whereas eye opening did not
discriminate between good and poor outcomes [37].
This differential sensitivity between types of stimulation
might be explained by high levels of noise and light in
the ICU environment, rendering these two stimulation
modalities less sensitive than nociceptive stimulation.
However, Nita et al. demonstrated in a small group of
five comatose children with acquired brain injury of
various etiologies that intermittent photic stimulation
performed at 1 Hz for 1 minute induced reactivity of the
burst-suppression pattern and that standardized burst
ratio reactivity appeared to reflect coma severity [38].

Discussion
Diffuse neurological failure, usually manifesting as coma
and delirium, is a major determinant of mortality and
morbidity in the ICU [90]. Lack of EEG-R correlated
with mortality in patients with impaired consciousness
[14, 16, 18, 72, 84]. Although there is no consensus
regarding standardized methodology, EEG-R in patients
with impaired consciousness is conventionally assessed
through the application of two external stimuli: auditory
and/or nociceptive stimulation [31], as well as, more
rarely, passive eye opening and intermittent photic
stimulation, both in adults [31, 33, 50] and in children
[38]. The EEG is considered reactive when one of these
stimulations modifies the amplitude and/or frequency of
the background activity (Fig. 1) [1, 5–7]. Nonreactive
EEG is characterized by no change in cerebral EEG
activity after auditory and painful stimuli. Figure 2 fea-
tures a nonreactive EEG following nociceptive stimu-
lation in a postanoxic patient. EEG-R to auditory or
painful stimuli can be seen as the modulation of the
cortical activity following a peripherally applied stimu-
lation. EEG-R to auditory stimuli requires the func-
tional integrity of the peripheral and central auditory
pathways involving the inner ear, the bulbopontine
junction, the middle and upper parts of the pons, the
midbrain (lateral lemniscus), the inferior colliculus,
the medial geniculate nucleus of the thalamus, and
the primary auditory cortex [91], whereas EEG-R to
painful stimuli requires functional integrity of the
pain projection pathways [92, 93] and the anterolat-
eral system (Fig. 3) [94]. EEG-R to intense nociceptive
and auditory stimuli indirectly tests the proper
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functioning of the somatosensory and auditory path-
ways of the brainstem and the cerebral cortex
through two complementary modalities. In cases of
severe cerebral impairment, the afferent nociceptive
sensory or auditory impulses generated by the periph-
eral stimuli cannot reach the cerebral cortex, and
EEG is therefore nonreactive. Critically ill patients are
at risk of brain dysfunction induced not only by primary
brain insults but also by neuroinflammation [95], ischemia
secondary to microcirculatory dysfunction, and the neuro-
toxic effect of metabolic disturbance leading to impaired
membrane excitability, neural conduction, and neural loss
[96–98]. Impaired central auditory [99–102] and

somatosensory [103–105] pathways have been docu-
mented by studies of evoked potentials to be associated
with increased mortality in patients with impaired con-
sciousness. Studies investigating the prognostic value of
laser-evoked potentials and their correlation with EEG-R
may be useful [106]. However, measuring laser-evoked po-
tentials in the ICU is time-consuming compared with
EEG. The brainstem controls many vital functions, includ-
ing cardiocirculatory, respiratory, and arousal, through the
ascending reticular activating system. Ascending mono-
aminergic and cholinergic activating systems localized in
the upper brainstem, posterior hypothalamus, and basal
forebrain release neurotransmitters, such as acetylcholine,

Fig. 2 Example of a nonreactive electroencephalogram (EEG) following painful stimulus (pinching) in a patient with impaired consciousness.
Upper: A 20-second epoch EEG sample showing generalized pseudoperiodic discharges of spikes with no change after the painful stimulus (pinching)
in a postanoxic ICU patient. Recording: 20 mm/s, sensitivity: 10 μV/mm; filter settings: 0.50–70 Hz. Lower: EEG spectral power featuring topographic
mapping of power of each main EEG frequency band (delta, theta, and alpha) computed 10 seconds before and 10 seconds after the painful stimulus.
No significant EEG frequency band power change was observed after the painful stimulus. Higher-power values are shown in warm colors, and cool
colors depict lower power
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norepinephrine, serotonin, histamine, and glutamate, and
innervate the cerebral cortex, thalamus. They therefore
have a widespread influence on forebrain function [107].
The brainstem also houses the autonomic nervous sys-
tem’s main centers, which modulate immunity and sys-
temic immune responses to aggression [108, 109].
Impaired EEG-R could therefore at least partly reflect a
brainstem dysfunction in patients with impaired con-
sciousness [110, 111]. EEG-R to visual stimulation (passive
eye opening and intermittent photic stimulation) requires
a functional integrity of the visual pathways from the ret-
ina to the occipital visual cortex, including the optic nerve,
optic chiasm, optic tract, lateral geniculate nucleus, optic
radiations, and striate cortex. A loss of EEG-R may reflect
extensive damage to cortical or subcortical structures.
Animal experiments have demonstrated that EEG-R is
associated with the structural and functional integrity of
the corticothalamic loop and thalamus-brainstem loop
[112]. The thalamus is the key relay structure for ascend-
ing peripheral sensorial inputs (somesthetic, auditory, or
visual) toward the cerebral cortex. The thalamus and its
recurrent connections with the cortex play an integral role
in the generation and sustenance of brain rhythms that

underlie brain function as measured by EEG [113, 114].
The reticular nucleus of the thalamus (RN) surrounds the
rostral and lateral surfaces of the dorsal thalamus. The RN
contains exclusively GABAergic neurons and, via exten-
sive inhibitory outputs, modulates all incoming sensory
information on its way to the cerebral cortex [115]. The
RN therefore plays a critical role in controlling the firing
patterns of ventroposterior thalamic neurons and is
thought to play a critical role in controlling thalamocorti-
cal rhythm [116]. The RN plays a crucial role in selective
attention and consciousness because it can inhibit the area
of the thalamus from which the initial information came
and can influence the flow of information between the
thalamus and cortex [117]. Increases in low-frequency
cortical power may be due to a shift in thalamic neuron
activity from a state dominated by tonic firing to one in
which there is an increase in low-threshold spike burst fir-
ing [118]. Low-threshold calcium bursts occur when tha-
lamocortical relay cells are in a state of hyperpolarization;
there is evidence that the RN is capable of entertaining
this “burst-firing mode” [119], and it is argued that the RN
serves to maintain the low-frequency thalamocortical
oscillations (4–10 Hz) [120, 121]. Aberrations and

Fig. 3 Schematic representation of pathways that convey somatosensory and auditory information to the cerebral cortex. The dorsal column-medial
lemniscus system (solid black line), anterolateral-extralemniscal system (broken line), and auditory-lateral lemniscal system (orange colored solid line) are shown
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alterations in these thalamocortical loops is characteristic
of several central nervous system disorders, particularly
disorders of consciousness [122], because human percep-
tions arise from ongoing activity within recurrent thala-
mocortical circuits [123]. The lack of EEG-R observed in
critically ill patients may result from altered modulation of
thalamocortical loop activity by the afferent sensorial
input due to the neural impairment [118]. This unrespon-
siveness of the thalamocortical rhythm’s synchronization
or desynchronization [107, 113, 124] to sensorial stimuli
reveals cerebral impairment and is strongly associated
with patient outcome [14, 16, 18, 72, 84]. Moreover, the
same EEG pattern may have a different prognostic value,
depending on the presence or lack of EEG-R [44, 46, 125].
Most studies of EEG-R do not mention the exact time

at which reactivity was evaluated; however, it is well
known that EEG features may change during the acute
stage, especially in the first 24–48 hours after cardiac ar-
rest [75, 126, 127]. The impact of the recovery of EEG-R
on patient prognosis was recently demonstrated by Bag-
nato et al. [33], who reported that only patients with
consciousness improvement showed the reappearance of
EEG-R. Nine of the 16 patients with consciousness im-
provement, corresponding to 81.9% of patients who did
not show EEG-R at admission, had reappearance of
EEG-R at the 6-month follow-up. On the contrary, none
of the patients without consciousness improvement
showed reappearance of EEG-R. Repeated standard EEG
or continuous EEG monitoring is then recommended in
order to closely follow trends of the EEG changes in
acute patients [27, 128–130].
It should be mentioned that EEG background activity

and SSEPs are other neurophysiological parameters with
robust outcome-predictive values in patients with im-
paired consciousness [1, 128, 131]. EEG background
activity reflects spontaneous global cerebral functioning.
It usually worsens by slowing down, decreasing ampli-
tude, flattening, and discontinuing according to the se-
verity of brain dysfunction [1, 5]. Worsened EEG
background activity has been associated with unfavor-
able outcome in several studies [26, 75, 85, 130, 132].
Reduced EEG amplitudes and delta frequencies corre-
lated with worse clinical outcomes, whereas alpha fre-
quencies and reactivity correlated with better outcomes
in patients with disorders of consciousness admitted for
intensive rehabilitation [50]. Low-voltage or flat EEG
background activity, burst suppression, and burst sup-
pression with identical bursts are constantly associated
with unfavorable outcome in postanoxic coma patients
[75, 130, 132]. Spontaneously discontinuous background
predicted unfavorable outcome with a false-positive rate
of about 7% (95% CI, 0–24%) [16], whereas a continuous
background predicted awakening with positive predictive
values of 92% (95% CI, 80–98%) [133] and 72% (95% CI,

55–88%) [75]. SSEPs explore the functional integrity of
the somatosensory pathways from the peripheral level to
the cortical one through the brainstem and subcortical
levels. The ability of absent SSEPs to detect patients at
risk for poor neurological outcome appears to be robust
[134]. Bilateral absent cortical components of SSEPs
were associated with no awakening in anoxic coma, but
normal SSEPs had less predictive capacity in the same
cohort [135] because only 52% of patients with normal
SSEPs awoke from coma [135]. In patients with TBI,
normal SSEPs after TBI are associated with a 57%
chance of good recovery, whereas bilateral absent SSEPs
are associated with only a 1% chance of functional
recovery [135, 136]. When combined with absent
EEG-R, the prognostic value of SSEPs further increased
[137]. Although there is no systematic study comparing
the prognostic value of EEG background activity, SSEP,
and EEG-R, available data and guidelines suggest that a
combined multimodal assessment with these tests in-
creases the accuracy of outcome prediction in patients
with impaired consciousness [5, 128, 138–140].

Conclusions
This review emphasizes that whatever the etiology,
patients with impaired consciousness featuring a reactive
EEG are more likely to have favorable outcomes,
whereas those with a nonreactive EEG are prone to un-
favorable outcome. EEG-R is, then, a valuable prognostic
parameter and warrants a rigorous assessment. However,
current assessment methods are heterogeneous, and no
consensus exists. Standardization of stimulation and in-
terpretation methods is needed. Furthermore, it should
be stated that all other EEG basic parameters, such as
the dominant frequency or the continuity, warrant
assessment in order to provide a fully integrated
interpretation.
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