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Abstract
In the last couple of decades, the intensive care
unit (ICU) environment is experiencing a revo-
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lutionary metamorphosis in terms of integra-
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1.4  Conclusions and Perspectives..................... 4 and therapeutic management. Patients with
References..............ccccoooonviiiiiinniiicie 4 brain dysfunction in the ICU are frequently
admitted and managed, either following pri-
mary (e.g., hypoxic-ischemic encephalopathy
following cardiac arrest, hemorrhage, trau-
matic injury, status epilepticus) or secondary
(e.g., sepsis, prolonged sedation, multiorgan
failure) insults to the central nervous system.
This implies not only enhanced awareness
regarding the specificities of these challeng-
ing conditions, including highly trained tech-
nicians, specialized nurses, and medical staff,
but also implementation of user-friendly, con-
venient, and reliable technical setups.
1.1 Epidemiology
Coma is a frequently encountered pathology in
the intensive care unit (ICU) and is amongst the
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represents a neurological emergency. Etiologies
of acute coma are classically categorized as pri-
mary, i.e., due to intracerebral diseases (e.g.,
traumatic brain injury [TBI], subarachnoid hem-
orrhage [SAH], intracerebral hemorrhage [ICH],
acute ischemic stroke [AIS], hypoxic-ischemic
encephalopathy [HIE] after cardiac arrest [CA],
immune-mediated or infectious encephalitis, sta-
tus epilepticus [SE]), or secondary to systemic
disorders affecting brain function (e.g., septic,
metabolic, toxic encephalopathies) (Stevens and
Bhardwaj 2006).

1.2  Acute Brain Dysfunction

in the ICU

Primary acute cerebral diseases are a frequent
cause of admission in the ICU (Fig. 1.1a). With
the advancement of post-resuscitation care and
the widespread implementation of therapeutic
hypothermia, HIE after CA is probably the most
frequent ICU admission for primary brain pathol-
ogy in many centers. Intracranial hemorrhages
are also frequent, with an increasing number of
patients admitted because of secondary ICH due
to antiplatelet or anticoagulant agents. Despite
changes in the mechanisms of traumatic insult
(increased TBI associated with fall in industrial-
ized countries, increased number of traffic
accident-related TBI in less industrialized coun-
tries), TBI remains an important cause of coma
admission in the ICU. Status epilepticus, central
nervous system infections, and the emergent
occurrence of immune-mediated (e.g., anti-
NMDA -receptor) encephalitis are less frequent,
but on the other extent may often induce long
ICU stay and ICU-related complications (such as
ventilator-associated pneumonia, acquired ICU
infections, thrombosis, gastrointestinal distur-
bances, only to cite some).

Secondary, functional brain disorders are com-
monly encountered in the ICU (Fig. 1.1b). Critical
illness-related acute brain dysfunction (also called
critical illness-related encephalopathy or delirium)
has recently emerged as a frequent complication in
mechanically ventilated patients even without pri-
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mary acute brain injury, who are admitted to the
ICU for a variety of medical and surgical condi-
tions, particularly following severe sepsis, multi-
organ dysfunction, circulatory shock, and major
cardiovascular surgery (Ely et al. 2004). In fact,
septic encephalopathy is a major cause of second-
ary acute brain dysfunction (Sonneville et al.
2013); sedation is also associated with an increased
risk of encephalopathy, particularly with pro-
longed use of benzodiazepines (Pandharipande
et al. 2006). More importantly, and somewhat
alarming, critical illness-related acute brain dys-
function is not only an independent factor of worse
outcome (Girard et al. 2010), but has also recently
been associated with long-term neurological
sequelae and impaired cognitive function among
ICU survivors (Pandharipande et al. 2013).

The Role of EEG in the ICU
(See Also Chap. 2)

13

Electroencephalography monitoring (EEG) pro-
vides essential information about brain function,
particularly in comatose patients, and is increas-
ingly being used in the ICU (Claassen et al.
2013). Long-term EEG recording has become a
fundamental part of the so-called brain multi-
modal monitoring, i.e., the constellation of inva-
sive (intracranial pressure and brain oxygen
monitors, cerebral microdialysis technique) and
noninvasive (EEG, transcranial doppler, near-
infrared spectroscopy) technologies that allow a
comprehensive scrutiny of the injured brain and
help optimize the management of comatose ICU
patients (Oddo et al. 2012). In this setting, the
role, potential utility, and present use of EEG in
the ICU have greatly evolved over the last decade
(Fig. 1.2). The predominant place of EEG in the
ICU consists in diagnosing and helping manage
convulsive and nonconvulsive seizures and SE in
neurological and neurosurgical ICU patients
(Friedman et al. 2009; Rossetti and Lowenstein
2011; Rossetti and Oddo 2010), as well as in
medical (Oddo et al. 2009) and surgical (Kurtz
et al. 2014) ICU patients with septic or other
forms of acquired encephalopathy. Another
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Fig. 1.1 Epidemiology of acute coma in the intensive
care unit (ICU). Panel a illustrates the estimated distribu-
tion of ICU admissions for acute coma after primary brain
injury in industrialized countries. Panel b illustrates the

well-recognized role of EEG is to guide the titra-
tion of several sedative agents (midazolam, pro-
pofol, barbiturates) that are commonly used for
pharmacological coma (see Chap. 4) in patients
with refractory SE or refractory intracranial
hypertension. There are other emerging, promis-
ing roles for EEG monitoring in ICU patients. A
prominent one, exploiting quantitative EEG anal-
ysis, is to use EEG to continuously monitor the
brain function at the bedside in patients with pri-
mary acute brain injury, aiming to detect in a
timely fashion secondary cerebral insults (e.g.,
ischemia, elevated intracranial pressure, noncon-
vulsive seizures) that are known to further aggra-
vate patient outcome (see Chap. 5). In particular,
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estimated distribution of ICU admissions for acute coma
after secondary brain injury. Critical illness-related
encephalopathy (delirium) and prolonged sedation are
important causes of coma in the ICU

quantitative EEG has shown great potential for
the detection of delayed cerebral ischemia after
SAH (Foreman and Claassen 2012). It may be
conceivable that using EEG in this context may
prevent secondary injury and improve outcome;
however, further studies are needed to confirm
this issue. Finally, EEG, together with other elec-
trophysiological tools such as somatosensory and
auditory evoked potentials (see Chap. 6), is
increasingly used in combination with clinical
examination, in order to better understand the
mechanisms of acute coma and to further improve
outcome prognostication after acute brain injury,
particularly in patients with HIE after CA (Oddo
and Rossetti 2011; Taccone et al. 2014).
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Fig. 1.2 Current indications and potential clinical utility
of electrophysiological examinations in the ICU. EEG is
primarily used to diagnose and manage seizures/status
epilepticus. It has an emerging role and great potential in
other conditions, mainly for the management of pharma-
cological coma, the monitoring of the depth of sedation in
the mechanically ventilated patient, and as an additional

Conclusions
and Perspectives

1.4

Implementation of EEG in the ICU is increas-
ingly recognized as an important step for the care
of critically ill patients. Integrating EEG into the
ICU environment requires a specific expertise,
including refined technical setup, highly trained
EEG technicians, and specialized nurse and med-
ical staff. EEG implementation in the particular
setting of ICU may be a challenging task, and one
that is still not available worldwide. A great chal-
lenge will be to render EEG monitoring in the
ICU more accessible. Among others, future per-
spectives in this respect include increased col-
laboration between clinical neurophysiologists,
epileptologists, and intensivists, and the develop-
ment of modern technologies to improve inter-
face and the accuracy in EEG interpretation in
the particular ICU environment.
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