Sonneville et al. Annals of Intensive Care (2025) 15:37 An na|5 Of Intensive Ca re
https://doi.org/10.1186/513613-025-01436-0

®
Management of severe acute G

encephalopathy in the ICU: an expert consensus
statement from the french society of intensive
care medicine

Romain Sonneville'*'®, Eric Azabou?, Pierre Bailly*, Sarah Benghanem?, Gilles De Almeida Cardoso®,

Pierre Claquin', David Cortier®, Augustin Gaudemer’, Bertrand Hermann®, Pierre Jaquet®, Virginie Lambrecq'®,
Camille Legouy'""'?, Stéphane Legriel'?, Thomas Rambaud®, Benjamin Rohaut'#, Benjamine Sarton'?,

Stein Silva'®, Tarek Sharshar'""'?, Fabio Silvio Taccone'®, Dominique Vodovar'”'8'?, Nicolas Weiss'* and
Charles Cerf®

Abstract

Introduction Acute encephalopathy in the ICU poses significant diagnostic, therapeutic, and prognostic challenges.
Standardized expert guidelines on acute encephalopathy are needed to improve diagnostic methods, therapeutic
decisions, and prognostication.

Methods The experts conducted a review of the literature, analysed it according to the GRADE (Grading of Recom-
mendation, Assessment, Development and Evaluation) methodology and made proposals for guidelines, which were
rated by other experts. Only expert opinions with strong agreement were selected.

Results The synthesis of expert work and the application of the GRADE method resulted in 39 recommendations.
Among the 39 formalized recommendations, 1 had a high level of evidence (GRADE 1+) and 10 had a low level of evi-
dence (GRADE 2 +or 2-). These recommendations describe indication for ICU admission, use of clinical scores and EEG
for diagnosis, detection of complications, and prognostication. The remaining 28 recommendations were based

on expert consensus. These recomandations describe common indications for blood and CSF studies, neuroimaging,
use of neuromonitoring, and provide guidelines for management in the acute phase.

Conclusion This expert consensus statement aims to provide a structured framework to enhance the consistency
and quality of care for ICU patients presenting with acute encephalopathy. By integrating high-quality evidence
with expert opinion, it offers a pragmatic approach to addressing the complex nature of acute encephalopathy

in the ICU, promoting best practices in patient care and facilitating future research in the field.
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Introduction

Acute encephalopathy is a syndrome characterized by
a rapidly developing (typically hours to days, less than
4 weeks) pathobiological brain process which is expressed
clinically either as delirium or coma, both representing a
change from baseline cognitive status. Additional clini-
cal features may be observed depending on etiologies,
including seizures, movement disorders, and dysauto-
nomia [1]. Acute encephalopathy is commonly associ-
ated with acute systemic processes (i.e. sepsis, metabolic
derangements/disorders, intoxications, or withdrawal
syndromes). Less frequently, it may be an indicator for an
acute cerebral disease of infectious, inflammatory, meta-
bolic, or vascular origin. The term acute encephalopathy
is not recommended as a descriptor of clinical features
that can be observed at the bedside. Experts recommend
the term subsyndromal delirium for acute cognitive
changes that are compatible with delirium, but do not
fulfil all DSM-5 delirium criteria [1], the term delirium
for a clinical state defined according to the criteria of the
DSM-5 [2], and coma for a state of severely depressed
responsiveness defined using diagnostic systems such as
the Glasgow Coma Score (GCS) [3] or the Full Outline of
UnResponsiveness (FOUR) score [4].

Acute encephalopathy entails a considerable short-
term risk to life and may result in prolonged hospital
stays, persistent neurological sequelae and altered quality
of life in survivors, irrespective of clinical presentation.

We propose recommandations for the diagnosis, man-
agement, and prognosis among patients with severe
acute encephalopathy (SAE), requiring care in the inten-
sive care unit (ICU). We specifically exclude from these
recommandations encephalopathies arising from head
trauma, acute cerebrovascular pathologies (i.e. suba-
rachnoid hemorrhage, intracerebral hemorrhage), and
successfully resuscitated cardiac arrests. Of note, these
distinct pathologies have been subject to previous sepa-
rate recommendations [5-8].

Methods
These recommendations are the result of the collabora-
tive efforts of an expert panel convened by the SRLF
(French Intensive Care Society). The group’s agenda was
predetermined, beginning with the identification of key
questions by the organizing committee in consultation
with coordinators. Subsequently, experts were assigned
to address each question. The questions were framed
using the PICO format (Patient Intervention Comparison
Outcome) following an initial expert group meeting.

A level of evidence was defined for each publica-
tion cited as a function of the study design. This level
of evidence could be revised by taking into account the
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methodological quality of the study. A global level of evi-
dence was determined for each endpoint by considering
the levels of evidence of each publication, the consist-
ency of the results between the various studies, the direct
or indirect nature of the evidence, and the cost analysis
(Table 1).

A “strong” overall level of evidence led to the formu-
lation of a “strong” recommendation (must do, must not
do ... GRADE 1+or 1-). An overall level of evidence cat-
egorized as “moderate;” “low;” or “very low” resulted in an
“optional” recommendation (probably should do, prob-
ably should not do, ... GRADE 2 +or 2-). In cases where
literature was absent or insufficient, the question could
be addressed with an expert opinion (experts propose ...).

Proposed recommendations were presented and dis-
cussed one by one. The purpose of this process was not to
inevitably reach a unique, convergent expert consensus
on all of the proposals, but to define points of concord-
ance, divergence or indecision. Each recommendation
was then evaluated by each of the experts, who provided
an individual score using a scale ranging from 1 (com-
plete disagreement) to 9 (complete agreement). The col-
lective score was established according to a GRADE
grid methodology. To obtain a strong agreement, 70%
of experts had to agree with the recommendation. In
the absence of a strong consensus, the recommenda-
tions were reformulated and rescored in order to reach
a consensus. Only expert opinions that obtained a strong
agreement were fnally adopted.

Four fields of recommandations were defined: (1)
Diagnostic approach; (2) Indications, and methods of
neuromonitoring; (3) Prognostication of awakening and
neurologic sequelae; and (4) Management (excluding
etiological treatment). A literature search (2000-2023)
limited to adult studies was conducted using MED-
LINE via PubMed and Cochrane databases. Publications
were included in the analysis if they were in English or
French. The analysis focused on recent data in order of
preference, from meta-analyses and randomized trials to
observational studies.

Results

The synthesis of expert work and the application of
the GRADE method resulted in 39 recommendations.
Among the 39 formalized recommendations, 1 had a
high level of evidence (GRADE 1+) and 10 had a low
level of evidence (GRADE 2+ or 2-). For 28 recommen-
dations, the GRADE method could not be applied, lead-
ing to expert opinions. After two rounds of rating and
amendments, a strong agreement was reached for all 39
recommendations.

FIELD 1: Diagnostic approach
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Table 1 Recommendation with GRADE methodology

Recommendation using GRADE methodology

High level of evidence

« We recommend doing... »
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Grade 1+

Moderate level of Moderate recommendation

evidence « We suggest doing... »

Grade 2+

Low level of evidence

« Experts suggest doing... »

Recommendation based on expert opinion

Moderate level of Moderate recommendation

Evidence « We suggest not doing... »

Grade 2-

High level of evidence Strong recommendation

« We recommend not doing...

Grade 1-

Low level of evidence

No recommendation

Question 1.1: In a patient with SAE, what are the
initial phase severity criteria that necessitate admis-
sion to the intensive care unit (ICU)?

R 1.1.1: Apart from rapidly reversible causes,
patients with SAE exhibiting coma features should
probably be hospitalized in an ICU.

GRADE 2+/ STRONG AGREEMENT.

R 1.1.2: Apart from rapidly reversible causes,
patients with SAE exhibiting respiratory control
abnormalities, upper airway protection issues, or con-
current organ failure should probably require hospi-
talization in an ICU.

GRADE 2+/ STRONG AGREEMENT.

R 1.1.3: In patients with SAE, experts suggest ICU
admission for those exhibiting dysautonomia.

EXPERT OPINION/ STRONG AGREEMENT

Rationale The decision to admit a patient with SAE
to the ICU depends mainly on neurological severity
and its possible respiratory consequences. The type
and intensity of associated neurological symptoms,
the evolving potential of the underlying mechanism or
the etiology must be considered, as well as the means
required for symptomatic or etiological management

[2]. The criteria for ICU admission for a patient with
SAE are mainly based on low level of evidence studies
and expert recommendations. Coma is an undisputed
criterion for ICU admission, regardless of its cause [3,
4]. The presence of delirium is not sufficient to justify
ICU admission, as no study has assessed to what extent
a delirium will progress to a coma or lead to respiratory
failure. Patients who are unable to protect their upper
airways or who have respiratory control abnormalities
must be hospitalized in ICU. ICU admission should
be discussed in the presence of seizures/status epilep-
ticus and in the presence of non-neurological organ
failure. Special attention should be paid to patients
presenting with hyperactive delirium [2]. For example,
patients with delirium tremens complicating alcohol
withdrawal syndrome usually require close monitor-
ing, intravenous medications, and sometimes physical
restraints, which cannot be done safely outside the ICU
environment.

Question 1.2: In a patient with SAE, what type
of cerebral imaging is necessary for etiological
assessment?
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R 1.2.1: In the absence of an obvious cause, experts
suggest performing a non-contrast head computed
tomography (CT) in the acute phase, to exclude
intracranial hemorrhage or cerebral infarction.

EXPERT OPINION

R 1.2.2: In the presence of coma or signs of brain-
stem involvement, experts suggest conducting both a
head CT and an angio-CT of the Willis polygon to rule
out basilar artery occlusion.

EXPERT OPINION

R 1.2.3: Experts suggest obtaining a brain MRI when
faced with a persistent SAE without clear clinical,
biological, or radiographic etiological clues, or when
there is no improvement despite an identified cause
(Fig. 1).

EXPERT OPINION

R 1.2.4: When an MRI is performed, experts suggest
routinely including a diffusion-weighted sequence
to detect specific abnormalities (of infectious, meta-
bolic, and toxic origin) (Table 2).

EXPERT OPINION

Rationale The prevalence of abnormalities on CT scans
is approximately 10% [9], and likely lower when a toxic
or metabolic factor is present [10]. Lesions identified on
CT are primarily ischemic or hemorrhagic [11]. Basilar
artery occlusion accounts for approximately 10% of non-
traumatic causes of coma, justifying CT-angiography
[12]. A delayed contrast-enhanced CT scan probably
does not provide additional diagnostic information [13].
MRI likely allows better detection of ischemia in acute
encephalopathy [14], but the overall benefit of MRI is
not proven [15]. Lesions observed in sepsis-associated
encephalopathy are mostly small ischemic lesions and
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FLAIR hyperintensities [16, 17]. The diffusion-weighted
sequence increases MRI sensitivity in toxic, infectious,
autoimmune and metabolic pathologies, and reversible
posterior leukoencephalopathy syndrome (PRES) [18-
21]. Immunocompromised patients represent a subset of
patients at high risk for developing intracranial complica-
tions, including stroke, metabolic/toxic encephalopathy,
and brain infections. Brain MRI might be recommended
as first-line imaging investigation in these patients to rule
out specific complications.

Question 1.3: In a patient with SAE, when is it nec-
essary to urgently perform an electroencephalography
(EEG), and what abnormalities should be investigated
for etiological purposes?

R 1.3.1: In patients with SAE, a standard EEG should
probably be conducted urgently to rule out non-con-
vulsive seizures or nonconvulsive status epilepticus.

GRADE 24/ STRONG AGREEMENT.

R 1.3.2: Experts suggest systematically assessing
EEG reactivity to stimulation and presence of abnor-
malities suggestive of a specific etiology (Table 3).

EXPERT OPINION

Rationale Patients with SAE may develop seizures or
status epilepticus (with or without the clinical correla-
tion), which are frequently refractory to antiseizure med-
ication and contribute to a poor prognosis (around 30%
in cases of infectious or autoimmune etiologies, [22—24];
70-80% for PRES [25]). A 20-min video-EEG with at
least 8 electrodes should, when possible, be performed
urgently, to detect nonconvulsive seizures. Nonconvul-
sive seizures and status epilepticus can be difficult to
diagnose in patients with SAE. In the absence of rhyth-
mic repetition and changes in frequency and location,

Initial assessment

Metabolic or toxic
cause likely

|

Management of causal factor

| |

Clinical No improvement or clinical
improvement worsening

Specific \
management

Brain MRI

|

Lack of apparent metabolic/toxic cause or
suspicion of acute brain injury

!

Head CT
+/- CT angiography of the circle of Willis*

| |

Absence of Acute
radiological clue brain injury

Specific
management

Fig. 1 Decision algorithm for neuroimaging in the initial phase of severe acute encephalopathy. *In the presence of coma or signs of brainstem
involvement, experts suggest conducting both a cranial CT scan and an angio-CT of the circle of Willis polygon to rule out basilar artery occlusion
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Table 3 EEG abnormalities and etiological diagnosis of severe acute encephalopathy
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EEG abnormalities found in SAE

Slow background activity

Anterior slow waves, FIRDA (Frontal Intermittent Rhythmic Delta Activity)

Focal or diffuse slow waves

Rhythmic delta waves, diffuse or anterior predominance, extreme delta-brush

Triphasic slow complexes, diffuse or anterior predominance

Periodic activities: lateralized, bilateral asynchronous, generalized

Interictal epileptic abnormalities: spikes, slow spikes, polyspikes, spike and wave, polyspike and wave
Recording of a focal or generalized seizure or a focal or generalized status epilepticus
Burst-suppression, suppression

Etiology Background activity = Superimposed abnormalities

Remarks

Sepsis-associated encephalopathy Theta or delta slowing

Sometimes suppression

Triphasic waves

Metabolic or toxic encephalopathy Theta or delta slowing

Sometimes suppression

Triphasic slow complexes, with anterior
predominance, preserved reactivity

Infectious encephalitis (Herpetic) Theta or delta slowing ~ Temporal focal slowing followed

by focal periodic activities between Day
2 and Day 6, anterior and often tempo-
ral, unilateral, and with large amplitude,
prolonged duration (1-1.5 s), periodic

repetition with a short period (<4 s)

Autoimmune and paraneoplastic
encephalitis

Theta or delta slowing  Periodic activities and more specific
anomalies such as extreme delta-
brush (delta activities overlaid with fast

rhythms, bilateral, symmetrical, synchro-

Absence of reactivity in severe cases

When present, preserved reactivity
helps rule out status epilepticus
Reactivity may be absent in severe cases

Reactivity may be absent in severe cases

Variable EEG reactivity

nous, with rhythmic repetition)

Posterior reversible encephalopathy
syndrome (PRES)

Theta or delta slowing

Slow waves, sometimes focal slow
spikes with a posterior distribution

Variable EEG reactivity

the presence of sporadic epileptiform discharges (such as
spike or spike-waves) does not indicate a seizure [26]. The
presence of EEG reactivity to stimulation (i.e. any change
in cerebral EEG activity following stimulation, excluding
artifacts) is a simple clinical test to assess on EEG, and
helps to rule out epileptic activity. EEG may reveal non-
specific abnormalities (for instance slower EEG back-
ground activity, frontal intermittent rhythmic discharges)
or abnormalities that may guide the etiological diagnosis
of severe acute encephalopathy. Periodic discharges are
common but are not specific of a given etiology. Their
temporal localization may suggest herpetic encephalitis
(30% of patients) [27]. Generalized Periodic Discharges
with triphasic morphology are in favor of metabolic or
toxic encephalopathies, rhythmic delta activities, with
extreme delta brush, point to anti-NMDA encephalitis
[28, 29].

Question 1.4: In a patient with severe acute encepha-
lopathy, what urgent laboratory tests should be con-
ducted for etiological purposes?

R 1.4.1: Experts suggest routinely measuring capil-
lary blood glucose, verified with a blood sample, in
the presence of SAE, to exclude hypoglycemia.

EXPERT OPINION

R 1.4.2: Experts suggest that laboratory tests
requested in the context of SAE be performed sequen-
tially based on historical elements and epidemiologi-
cal data (Table 4).

EXPERT OPINION

Rationale Limited data are available on the usefullness
of blood sampling for the etiological work-up of SAE.
Anamnestic and epidemiological clues will be the most
important for the diagnosis [30, 31]. Indication to a spe-
cific exploration depends on the frequency of the cause
and the potential consequences of delayed treatment.
Whatever the suspected diagnosis, capillary determina-
tion of blood glucose levels is valuable to rule out hypo-
glycemia. A diagnostic work-up is discussed in Table 4. In
the absence of any obvious cause of severe acute enceph-
alopathy, blood ammonemia should be measured due to
its possible therapeutic implication if elevated.

Question 1.5: In a patient with SAE, when should a
lumbar puncture be performed for etiological pur-
poses? What initial analyses should be requested
based on suspected etiologies?

R 1.5.1: Experts suggest performing a lum-
bar puncture (in the absence of contraindica-
tions) in patients with SAE in the following cases:
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Table 4 Biological investigations in a patient presenting with severe acute encephalopathy

Situations Samples

Systematically

As a first-line approach

Protein (CRP)
As a second-line approach
As a third-line approach Ammonia level

As a fourth-line approach

Capillary blood glucose (controlled with venous blood glucose)
Complete blood count (CBQ), platelets, blood electrolytes, liver function test, hemostasis, C-Reactive

Arterial blood gas, calcium level, phosphorus level

Cortisol, TSH (Thyroid Stimulating Hormone), HBV (Hepatitis B Virus) serology, HCV (Hepatitis C Virus)

serology, HIV serology, syphilitic serology

Specific circumstances
Chronic kidney disease
Cirrhosis, Chronic Liver Disease
Chronic respiratory disease PCO,
Abuse of Legal or lllicit Substances
Risk of vitamin deficiency
Immunodepression
Return from a tropical country
Fever
Pregnant woman
Endocrine Disorder Cortisol, TSH

Autoimmune Predisposition or Background

Urea, creatinine, drugs blood concentration

Ammonia level, sodium level, Prothrombin Time (factor V), platelet count

Urinary and blood toxicology screening
Vitamin B12, Folate, B1, PP, C levels
Microbiological cultures, blood leukocytes, CRP
Thickdrop and bloodsmear evaluation
Microbiological samples, blood leukocytes, CRP
Hepatic enzymes, platelet count

Electrophoresis and immunoelectrophoresis of serum proteins, anti-DNA antibodies, antinuclear

antibodies, (antineuronal antibodies)

Neoplasm
Family disease, consanguinity
Toxics

Calcium level, antineuronal antibodies
Ammonia level, lactate, pyruvate, homocysteine levels
Carbon monoxide, lead level

immunocompromised status; fever; meningeal syn-
drome; suspicion of encephalitis on imaging or EEG.

EXPERT OPINION

R 1.5.2: In a patient with SAE, when lumbar punc-
ture is indicated, experts suggest conducting sys-
tematic first-line investigations and then second-line
investigations in case of negative results of first-line
examinations or specific elements suggesting an etio-
logical orientation (Table 5).

EXPERT OPINION

Rationale In SAE patients, the diagnostic yield of lum-
bar puncture (LP) is estimated between 10 and 30%. In
patients with any signs suggestive of CNS infection, LP
should be widely performed considering (i) the poor
negative predictive value of classic clinical signs (includ-
ing neck stiffness) for ruling out infectious meningitis
or encephalitis, (ii) the significant prognostic impact of
treatment delay in infectious encephalitis, and (iii) the
low morbidity of LP (rate of severe complications <0.5%)
[32]. When LP is performed, the first line tests should
focus on identifying common infectious etiologies that
require specific treatment: pyogenic bacteria, HSV,
VZV, and Mycobacterium tuberculosis for all patients,
and other etiologies depending on associated factors
(Table 5). The use of multiplex CSF PCR warrants cau-
tious interpretation. Systematic reviews report false

negative rates as high as 24.5% and 9.6% for HSV-1 and
VZV infections, respectively [33]. In contrast, specific-
ity appears high for both bacterial and viral pathogens.
False negative LPs have been reported in 4% of patients
with HSV encephalitis, exclusively in CSF sampled less
than 4 days after symptom onset [34]. Therefore, repeat,
or extended investigations to rule out HSV encephalitis
should best be performed on a second CSF analysis sam-
pled at least 4 days after symptom onset.

Question 1.6: In a patient with SAE, when should
cerebral imaging be performed before a lumbar punc-
ture to reduce the risk of complications?

R 1.6: Experts suggest performing cerebral imaging
before lumbar puncture to reduce the risk of compli-
cations in the presence of focal neurological deficits
and/or signs of brain herniation and/or seizures.

EXPERT OPINION

Rationale There are no interventional studies indicat-
ing that pre- LP imaging reduces complications in SAE.
In a retrospective study involving 64 patients where
brain imaging was considered before LP, a normal clini-
cal examination had a negative predictive value of 0.85
(0.73-0.97) for assessing the reliability of a normal
clinical examination to rule out the need for a CT scan.
[35]. In the largest cohort study of adult patients with
proven acute bacterial meningitis, 47/1533 patients (3%)
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Table 5 Cerebrospinal fluid investigations in patients with severe acute encephalopathy

First-line investigations
Febrile SAE or with signs suggestive of CNS infection
Measurement of opening pressure in the lying position

Multiplex PCR panel for "meningitis/encephalitis" (1)
OR PCR for HSV-1, HSV-2,VZV and enterovirus

Direct bacteriological examination of cerebrospinal fluid (CSF) with cell quantification, leukocyte formula, and Gram staining

Bacterial culture

Protein analysis in CSF
Glucose level in CSF and serum glucose level

Second-line investigations
Unexplained SAE with negative initial tests (non-exhaustive list)

Antineuronal Antibodies (combined blood and cerebrospinal fluid tests)
Intrathecal synthesis of Ig (cligoclonal bands)

High-throughput sequencing "NGS" for infectious agents

Venereal Disease Research Laboratory (VDRL) test

Mycobacterium tuberculosis (PCR, direct examination, and specific cultures) if not performed initially

If immunosuppression
PCR for CMV, EBV, HHV6-7
HIV PCR if known HIV infection, to be correlated with serum viral load

Mycological examination, including at least Cryptococcus search (India ink, specific culture, and antigen testing)

Toxoplasma gondii PCR

Mycobacterium tuberculosis (PCR, direct examination, and specific cultures)

JCvirus PCR
Hepatitis E virus
If there is a history of travel to an endemic area

(to be adjusted based on epidemic context and clinical presentation or exposure to risk)

Arboviruses (West Nile virus, dengue, Zika, chikungunya, Japanese encephalitis, tick-borne encephalitis, Nipah virus)

Rabies testing (simultaneously on cerebrospinal fluid, saliva, and skin biopsy)

Trypanosomiasis testing
Histoplasmosis testing (PCR on blood and CSF)
Leptospirosis testing (PCR on blood and CSF)

(1)Several kits are in development

deteriorated (altered consciousness or cardiorespiratory
failure) within 8 h after LP, and only two (0.1%) deterio-
rated within one hour after LP [36]. In a multi-center
retrospective study of 202 patients with acute bacterial
meningitis, the comparison of international guidelines
(American, English, European, and Swedish) to assess
the diagnostic value of cranial imaging before LP showed
that only American recommendations did not miss
major intracranial abnormalities or findings requiring
neurosurgical intervention [37]. However, a prospective
cohort of 815 Swedish patients demonstrated reduced
mortality and increased favorable outcomes with adher-
ence to Swedish recommendations regarding neuro-
imaging indications before LP (versus European and
American recommandations). The authors concluded
that altered mental status and immunocompromised
status should not represent indications per se to peform
imaging before LP [38]. French recommendations for

community-acquired bacterial meningitis limit pre-LP
imaging indications to signs suggesting intracranial pro-
cesses, cerebral herniation, and persistent convulsive sei-
zures, offering a compromise between urgent diagnosis
and patient safety [39].

Field 2: Indications
neuromonitoring

Question 2.1: In a patient with SAE, should clini-
cal scores be used for monitoring and adjusting
management?

R 2.1.1: In a patient with SAE, appropriate scores
for delirium (CAM-ICU or ICDSC) or coma (GCS or
FOUR score) monitoring must be used in order to tai-
lor diagnostic and therapeutic management.

GRADE 1+/ STRONG AGREEMENT.

R 2.1.2: In a patient with SAE secondary to alcohol
withdrawal syndrome, specific scores for monitoring

and methods of
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and adapting therapeutic management should prob-
ably be used.

GRADE 24/ STRONG AGREEMENT.

R 2.1.3: Experts suggest not limiting monitoring of
patients with SAE solely to the use of clinical scores
for adjusting diagnostic and therapeutic management.

EXPERT OPINION

R 2.1.4: In a patient with SAE clinically manifesting
as prolonged coma, experts suggest using the Coma
Recovery Scale-Revised (CRS-R) to track any changes
in consciousness.

EXPERT OPINION

Rationale Neurologic scores serve as indispensable
tools in the ICU to objectively assess and monitor neu-
rological function in critically ill patients. These scores,
such as the Glasgow Coma Scale (GCS) [3] and the FOUR
score [4], provide a standardized framework for bedside
assessment of impairment of the level of consciousness.
The FOUR score provides greater neurological detail
than the GCS, recognizes a locked-in syndrome, and is
superior to the GCS due to the availability of brainstem
reflexes, breathing patterns, and the ability to recognize
different stages of herniation. Other scores, such as the
CAM-ICU [40] and the Intensive Care Delirium Screen-
ing Checklist (ICDSC) [41] have been developed for
monitoring of delirium during ICU stay. In the ICU, these
scores enable clinicians to promptly identify changes in
neurological status, guiding treatment decisions and
facilitating communication among multidisciplinary
teams. The Coma Recovery Scale-Revised (CRS-R) has
been recommended in numerous international guide-
lines for the assessment of persistent coma [42]. Several
studies showed clinical benefit when specific scales, such
as the clinical institute withdrawal assessment [43] or
the modified Minnesota detoxification scales were used
in the management of the alcohol withdrawal syndrome
[44].

Question 2.2: In a patient with SAE, can clinical
scores be used by the paramedical team to enhance
monitoring?

R 2.2: In a patient with SAE, experts propose that
clinical scores be used by the paramedical team after
being trained to enhance monitoring.

EXPERT OPINION

Rationale Clinical scores play a crucial role in enhanc-
ing neuromonitoring within the ICU, empowering para-
medical teams with standardized tools to assess and
track neurological function [41, 42, 45]. By utilizing
these scores, paramedics can efficiently evaluate patients’
neurological status at the bedside. These scores provide
a structured framework for communication between
paramedical staff and other healthcare professionals,
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facilitating seamless collaboration and ensuring consist-
ent monitoring of neurological changes over time.

Question 2.3: In a patient with SAE, should tran-
scranial doppler be used to tailor management?

R 2.3: Experts suggest considering performing tran-
scranial doppler to detect intracranial hypertension
in patients with SAE, as in patients with brain injury,
in conjunction with other diagnostic tools, especially
imaging.

EXPERT OPINION

Rationale Transcranial Doppler (TCD) is a diagnostic
tool used to assess cerebral blood flow velocity (CBFV)
in major intracranial vessels. In critical care settings, this
measurement is often employed for non-invasive estima-
tion of intracranial pressure (ICP) or detection of cere-
bral vasospasm [46]. Additionally, continuous monitoring
of CBFV and blood pressure allows for the calculation of
the mean flow velocity index (Mxa), which is valuable for
quantifying cerebral autoregulation [47]. In patients with
acute encephalopathy of various etiologies, abnormalities
in CBFV (e.g., decreased mean CBFV, mean flow velocity,
suggesting reduced cerebral blood flow; reduced diastolic
CBEFV, FVd, or increased pulsatility index, indicating ele-
vated ICP and/or impaired cerebral autoregulation (e.g.,
Mxa >0.3) have been identified [48]. These abnormalities
are associated with increased mortality and unfavour-
able neurological outcomes. However, the role of TCD in
guiding patient management remains uncertain, as well-
defined pathological threshold values (e.g., diastolic flow
velocity <20 cm/sec or PI>1.2) triggering interventions
are lacking, and the effects of different therapies on TCD
and cerebral function have been inadequately studied
[49-51].

Question 2.4: In a patient with SAE, should
EEG (intermittent or continuous) be used to tailor
management?

R 2.4.1: In a patient with SAE, experts suggest per-
forming EEG monitoring in the absence of rapidly
favorable clinical evolution to investigate an uncon-
trolled or superimposed factor of cerebral aggression.

EXPERT OPINION

R 2.4.2: In patients with SAE complicated by coma
and/or secondary to an inflammatory or infectious
cause, experts suggest preferably conducting continu-
ous video EEG (24 to 72 h) rather than standard EEG
to rule out the presence of non-convulsive seizures or
non-convulsive status epilepticus.

EXPERT OPINION

Rationale Among patients with altered consciousness
in ICU, 10-60% experience epileptic seizures [52, 53],
which are predominantly nonconvulsive in about 80%
of cases. These seizures are most often (80%) detected
within the first 24 h following admission, but 20% of the



Sonneville et al. Annals of Intensive Care (2025) 15:37

comatose only experience seizures after the first 24 h
[54-58]. The presence of non-convulsive seizures is asso-
ciated with a twofold higher mortality rate [56, 57].

In patients at high risk of epileptic complications
(comatose patients and/or those for whom an infectious
cause of encephalopathy is suspected), prolonged video-
EEG monitoring (24-72 h) is therefore probably prefer-
able to standard EEG) [59]. The EEG monitoring should
include at least 8 electrodes and be systematically associ-
ated with video recording (video-EEG monitor) to allow
quality review. The intensive care staff must be trained
to operate the device (starting, repositioning of elec-
trodes, inserting notes, repositioning of the video) so that
the recording remains of good quality even outside the
opening hours of the neurophysiology laboratory. Inten-
sivists and nurses can be trained to recognize certain
common EEG patterns (trace composed of sharp gener-
alized rhythmic figures<2.5 Hz non-reactive, suggestive
of epilepsy vs slower figures possibly triphasic pseudo-
rhythmic>2.5 Hz reactive, suggestive of toxic/medicinal
encephalopathy) with the aid, if possible, of quantified
analysis (amplitude, spectral power) facilitating the quick
review of long recordings [60]. Daily interaction between
neurophysiologists and intensivists is strongly recom-
mended given the difficulty of interpreting ICU EEGs
(59, 61].

Question 2.5: In a patient with SAE, should intrac-
ranial pressure monitoring be used to improve
prognosis?

R 2.5: In patients with SAE, experts propose not
routinely performing invasive intracranial pressure
monitoring. A discussion with an expert neurocriti-
cal care center to assess the indication for intracranial
pressure monitoring may be proposed on a case-by-
case basis, especially in the most severe patients, par-
ticularly those showing indirect signs of intracranial
hypertension on imaging.

EXPERT OPINION

Rationale In patients with SAE, the pathophysiol-
ogy of acute encephalopathy may not primarily involve
intracranial hypertension, therefore the utility of intrac-
ranial pressure monitoring depends on etiology and may
be limited. The management of SAE patients guided by
intracranial pressure monitoring has not been evaluated
in a randomized controlled trial.

Among medical conditions more commonly associated
with cerebral oedema and elevated ICP, like acute liver
failure [62, 63] and meningitis, evidence of interventions
tailored by ICP monitoring remain scarce and are mainly
based on cases reports or small cohorts [64, 65]. ICP
monitoring may provide valuable insights into intracra-
nial dynamics in selected patients.
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Question 2.6: In a patient with SAE, should cerebral
oximetry monitoring be used to improve prognosis?

R 2.6: Experts suggest not using cerebral oximetry
monitoring for the initial management of patients
with SAE.

EXPERT OPINION

Rationale Evidence supporting the use of cerebral oxi-
metry monitoring in patients with SAE is lacking. While
cerebral oximetry offers a non-invasive method to moni-
tor regional cerebral oxygen saturation, its efficacy and
impact on patient outcomes in the specific context of
acute encephalopathy remain unclear. Existing studies
often involve heterogeneous patient populations with
diverse etiologies of encephalopathy, making it challeng-
ing to draw definitive conclusions regarding the utility of
cerebral oximetry in this setting.

Question 2.7: In a patient with SAE, what are the
preventive therapeutic tools for prevention of second-
ary insults of systemic origin to limit the occurrence of
secondary lesions and improve prognosis?

R 2.7: In patients with SAE, experts suggest the
monitoring of secondary insults of systemic origin to
limit the occurrence of secondary brain lesions and
improve prognosis.

EXPERT OPINION

Rationale Secondary insults of systemic origin are a
heterogeneous group of factors that can exacerbate pri-
mary brain injury. In patients with SAE, temperature is
the most studied factor evaluated in epidemiological
studies of various types of CNS presentations, where
both fever and hypothermia were shown to be associated
with poor outcomes [66—68]. The relationship between
peak temperature in the first 24 h after ICU admission
and in-hospital mortality differs between traumatic brain
injury/stroke and CNS infection. For CNS infection,
increased temperature is not associated with increased
risk of death [69], and can probably be tolerated in the
absence of worsening of consciousness [70]. In a multi-
center study, systemic secondary brain insults were not
associated with outcome in critically ill patients with
convulsive status epilepticus [71]. Interventional studies
targeting hypothermia failed to show neuroprotection
in patients with status epilepticus requiring mechani-
cal ventilation [72] or acute liver failure [73], and were
even associated with increased mortality in patients with
severe community-acquired infection [74].

FIELD 3: Prognostication of awakening and neuro-
logic sequelae

Question 3.1: In a patient with SAE, are clinical
scores useful for the assessment of neurological prog-
nosis? If yes, which ones?

R 3.1.1: In patients with SAE, clinically manifested
as delirium, at least daily CAM-ICU (to quantify its
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duration and qualify its phenotype) and sedation
scale (RASS) monitoring should be performed to
assess the vital and cognitive prognosis of a delirium
episode.

GRADE 24/ STRONG AGREEMENT.

R 3.1.2: In patients with SAE, clinically manifested
as a coma, using the FOUR score (and the BRASS
score in sedated patients) should be preferentially
used rather than the Glasgow Coma Scale to assess
the depth of coma and brainstem responses.

GRADE 2+/ STRONG AGREEMENT.

R 3.1.3: In a patient with SAE, manifested as persis-
tent impaired consciousness (without clearly defined
duration), the Coma Recovery Scale-Revised (CRS-
R) for the diagnosis and prognosis of consciousness
recovery, as well as for functional prognosis, should
be probably used.

GRADE 2+/ STRONG AGREEMENT.

R 3.1.4: In patients with SAE related to hepatic
encephalopathy or autoimmune encephalitis, a spe-
cific score (West-Haven Score and CASE score,
respectively) should be used to assess the prognosis.

GRADE 24/ STRONG AGREEMENT.

Rationale The neurological outcome of patients is glob-
ally related to the burden of AE during the ICU stay and
several severity scores have been associated with both the
vital and functional prognosis. In delirious patients, dura-
tion [75], motoric subtype (notably hypoactive and mixed
subtypes) [76], and severity of delirium [77], all assessed
by the CAM-ICU-7 combined with the RASS, have been
associated with either long-term cognitive impairment
or mortality. In comatose patients within 48 h of ICU
admission, FOUR score to assess coma depth and brain-
stem response has demonstrated a slightly better associa-
tion with the mortality and 3-month functional outcome
than the Glasgow Coma Score, which is also acceptable
[78, 79]. There are no data on prognostic performances
of both scores in the later phase of critical illness. Assess-
ment of brainstem responses in deeply sedated patients,
using the Brainstem Response Assessment Sedation Scale
(BRASS), has also proved interesting in predicting day 28
occurrence of delirium and mortality [80, 81]. During the
subacute and chronic phase, recovery of consciousness
is better assessed by the CR [42], with worse functional
prognosis being associated with the severity of con-
sciousness impairment [82]. Lastly, in some etiologies,
specific severity scores are independently associated with
patient’s outcome, such as the West-Haven for mortality
in hepatic encephalopathy [83] and the Clinical Assess-
ment Scale in Autoimmune Encephalitis (CASE) [84] or
the anti-NMDAR Encephalitis One-Year Functional Sta-
tus (NEOS) score [85] for functional outcome in autoim-
mune encephalitis [86].

Page 11 0f 18

Question 3.2: In a patient with SAE, should auto-
mated pupillometry be used to assess prognosis? If yes,
in which situation(s)?

R 3.2: In a patient with SAE, experts suggest not
using automated pupillometry systematically to assess
prognosis.

EXPERT OPINION

Rationale Monocentric studies provide low-level evi-
dence for the use of automated pupillometry to pre-
dict the occurrence of acute encephalopathy in the ICU
[87, 88]. Of note, none of them focused on long-term
prognosis.

Single-center studies evaluated automated pupillom-
etry for prediction of mortality in patients admitted for
sepsis [89], in patients on veno-arterial extracorporeal
membrane oxygenation for refractory cardiogenic shock
[90], in hepatic encephalopathy [91], and after liver trans-
plantation [92]. There are published data on correlations
between automated pupillometry parameters and EEG
patterns to characterize the severity of acute encepha-
lopathy [93, 94].

Question 3.3: In a patient with SAE, which imaging
studies (CT scan, MRI, PET scan) should be used to
assess progmnosis?

R 3.3.1: In a patient with SAE outside of specific
etiologies (see R 3.3.2), magnetic resonance imaging
should not be systematically used to assess prognosis.

GRADE 2-/ STRONG AGREEMENT

R 3.3.2: In a patient with SAE secondary to infec-
tious or autoimmune encephalitis, or PRES, brain
MRI should probably be used to assess prognosis.

GRADE 2+/STRONG AGREEMENT.

Rationale No high-quality study has successfully estab-
lished a correlation between brain imaging patterns
and prognosis in SAE [15, 95]; encompassing all-cause
encephalitis [96]. Only brain oedema has been linked
to unfavourable outcomes in all-cause encephalitis [97].
In the context of sepsis-associated encephalopathy, the
presence of MRI abnormalities, such as strokes and leu-
koaraiosis, may be linked to a more adverse prognosis in
terms of survival or functional outcomes [16, 98—100].
In the context of Herpes simplex virus encephalitis, mul-
tiple studies have underscored the correlation between
the extent of lesions in brain MRI, restricted diffusion
and long-term functional prognosis [68, 101, 102]. Spe-
cifically, FLAIR hyperintensity spanning over three
lobes, bilateral diffusion enhancement, and thalamic
involvement have been associated with poor functional
outcomes, especially in elderly patients [101]. In Vari-
cella-Zoster Virus encephalitis, a connection has been
observed between vasculitis diagnosed on MRI and func-
tional prognosis [103-105]. Brain imaging prognosis
value for anti-NMDA receptor (NMDAR) encephalitis
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is debated [106—108]. Nevertheless, in severe cases of
all-cause autoimmune encephalitis and anti-NMDAR
encephalitis, normal MRI results can be considered a
promising prognostic marker [85, 109], whereas hip-
pocampus involvement as an unfavourable marker [110].
Data is lacking to associate any specific pattern with poor
outcomes in the 90% of patients with abnormal MRI in
Acute Disseminated Encephalomyelitis (ADEM) admit-
ted to the ICU [111, 112]. In PRES, the presence of suba-
rachnoid or intraparenchymal haemorrhage, has been
linked to mortality or persistent disability [113-116].
The prognostic significance of restricted diffusion or
gadolinium enhancement remains contentious [113,
114]. Knowledge about brain imaging and metabolic (i.e.
hyperuremic, hepatic, hypoglycaemic) encephalopathy
prognosis is scarce. To date, PET imaging has not yet
been evaluated as a prognostic marker in any SAE cohort
study.

Question 3.4: In a patient with SAE, which electro-
physiological examination(s) (EEG, evoked potentials,
etc.) should be used to assess prognosis?

R 3.4: Experts suggest that an EEG should be
routinely performed to assess the vital and func-
tional prognosis in the presence of severe acute
encephalopathy.

EXPERT OPINION

Rationale The analysis of basic EEG parameters such
as dominant frequency, amplitude, continuity, and reac-
tivity, as well as the description of any paroxysms that
may appear on this background activity, provide crucial
diagnostic and prognostic information in intensive care
settings [55, 56]. Lateralized periodic discharges (LPDS)
are primarily associated with brain injuries (i.e. strokes,
Herpes simplex encephalitis). Periodic discharges or slow
waves with triphasic morphology and intermittent rhyth-
mic delta activities in the frontal region (FIRDA) typically
indicate metabolic or toxic disturbances [117, 118]. EEG
changes associated with the depth of coma can be sum-
marized as follows: initially, EEG rhythms gradually slow
towards lower frequencies and amplitude increases. Sub-
sequently, amplitude begins to decrease, reactivity disap-
pears, and the EEG signal becomes first discontinuous
and ultimately disappears, resulting in a flat EEG trace or
electrocerebral silence (suppression from the entirety of
the record). The lack of EEG reactivity is strongly associ-
ated with mortality [117, 118].

Evoked potentials (EPs) are quite complementary to
EEG [119]. Somatosensory evoked potentials (SEPs)
assess the functionality of the somatosensory system
from the stimulated peripheral nerve to the primary
sensory cortex (S1 area), via the posterior columns of
the spinal cord and the brainstem (lemniscal pathway).
Early auditory evoked potentials also named brainstem
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auditory evoked potentials (BAEPs) track auditory
impulses from the inner ear through the brainstem.
Middle latency auditory evoked potentials (MLAEPs)
assess post-synaptic activity in mesodiencephalic audi-
tory relays and the primary auditory cortex. Long latency
auditory evoked potentials also known as auditory event
related potentials (ERPs) examine cortical areas involved
in cognitive processes [120]. EPs detect nerve pathway
impairments caused by various neuronal injury mecha-
nisms. Slowed conduction time may stem from demyeli-
nation, while significant decrease in amplitude or absent
responses could indicate axonal injury in brain dysfunc-
tions. Moderate and reversible EP alterations suggest
possible recovery or mild sequelae, whereas severe altera-
tions or cortical response loss are associated with poor
outcomes [121].

Question 3.5: In a patient with SAE, which blood
biomarker(s) should be measured to assess prognosis?

R 3.5: In a patient with SAE, blood biomarkers (i.e.,
ammonia, neuron-specific enolase, protein S100b,
Neuro-Filament Light, Brain-derived neurotrophic
factor, N-Terminal pro C-Type Natriuretic Peptide
pro and anti-inflammatory cytokines, CRP, and PCT)
should not be measured to assess long-term vital or
neurological functional prognosis.

GRADE 2-/ STRONG AGREEMENT

Rationale In patients with cirrhosis and hepatic
encephalopathy (HE), studies note a correlation between
HE severity and blood ammonia levels [122—-125]. Estab-
lishing a discriminating threshold is challenging, and
some studies don’t find this correlation [126—128]. The
positive predictive value of high ammonia levels for HE
diagnosis is modest [128]. Thus, ammonia measurement
isn’t recommended to confirm HE diagnosis or assess its
severity, as some HE-free patients may have high ammo-
nia levels. Conversely, the negative predictive value is
interesting, excluding HE if ammonia is<30 pmol/L
[122, 124, 127]. The ammonia level is relevant in cirrhotic
patients only if the etiology of encephalopathyremains
doubtful. Limited data exists on the correlation between
ammonia kinetics and HE evolution [122, 125]. Some
studies link high ammonia levels to ICU mortality [125,
129]. However, the absence of a robust threshold and the
lack of correlation in other studies [126, 130] suggest not
using ammonia levels to predict mortality.

Some studies assess biomarkers’ prognostic value in dif-
ferent encephalopathy etiologies (hepatic, sepsis-related,
and carbon monoxide intoxication). Biomarkers of brain
cellular damage include S100beta protein, Neuron-Spe-
cific Enolase (NSE), Neuro-filament Light (NFL), Brain-
derived neurotrophic factor (BDNF), and N-Terminal pro
C-Type Natriuretic Peptide (NTproCNP). Different out-
comes were evaluated, including initial encephalopathy
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Table 6 The ABCDEF bundle
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Assess, Prevent, and Manage Pain

Both Spontaneous Awakening Trials (SAT) and Spontaneous Breathing Trials (SBT)

Choice of analgesia and sedation
Delirium: Assess, Prevent, and Manage
Early mobility and Exercise

Family engagement and empowerment

severity, evolution, death occurrence, delirium, organ
failure in ICU, and long-term psycho-cognitive dis-
abilities [79, 131-140]. Limited sample size, absence of
external validation and discordant results among studies
suggest that blood biomarkers of brain injury should not
be used for prognostic assessment of patients with acute
and severe ICU encephalopathy, regardless of etiology.

FIELD 4: Management (Excluding etiological
treatment)

Question 4.1: In a patient with SAE, should certain
medications be avoided to prevent worsening of the
neurological status?

R 4.1.1: In a patient presenting with SAE, experts
suggest, when multiple options are available, prior-
itizing drugs less frequently associated with neuro-
logical toxicity, having the highest therapeutic index,
and the shortest half-life.

EXPERT OPINION

R 4.1.2: In a patient presenting with SAE, experts
suggest adjusting drug doses according to the pres-
ence of renal and/or hepatic failure and monitoring
plasma concentrations of neurotoxic drugs.

EXPERT OPINION

R 4.1.3: In a patient presenting with SAE, experts
suggest not prescribing nefopam or tramadol in
patients requiring level 2 analgesics.

EXPERT OPINION

R 4.1.4: In a patient presenting with SAE requiring
sedation during mechanical ventilation, experts sug-
gest prioritizing drugs other than benzodiazepines
(outside specific indications) to prevent delirium and
delayed awakening.

EXPERT OPINION

Rationale There are currently no studies assessing the
impact of prescribed medications on the deterioration
of neurological conditions in patients with severe acute
encephalopathy (SAE). Nevertheless, among the drugs
commonly administered in intensive care units, some
are associated with a heightened risk of delirium, while
alternative options can be considered. Nefopam may
contribute to delirium even at therapeutic doses [141],
and tramadol is associated with a greater risk of post-
operative delirium compared to other opioids [142].

The use of benzodiazepines for sedating mechanically
ventilated patients is associated with a higher incidence
of delirium compared to propofol or dexmedetomidine
[143, 144]. In a broader context, when dealing with a
therapeutic class that is likely to exacerbate the neuro-
logical state of patients with SAE, it may be important
to prioritise medicines with the highest therapeu-
tic index and shortest half-life, in order to ensure an
optimal safety profile [145]. Monitoring plasma drug
concentrations could prove beneficial in preventing
neurotoxicity, particularly in cases where neurotoxic-
ity is dose-dependent or when there is liver or kidney
failure, both of which can affect drug pharmacokinetics
[146].

Question 4.2: In a patient with SAE, should non-
pharmacological measures be implemented to
improve neurological status?

R 4.2: In patients with severe SAE clinically mani-
fested by delirium, experts suggest using the ’ABC-
DEF’ bundle to reduce the delirium burden.

EXPERT OPINION

Rationale The ABCDEF bundle is a multifaceted
approach designed to improve patient outcomes and
reduce the incidence of delirium in the ICU (Table 6) [2].
In large multicenter observational studies, the use of the
ABCDEF bundle in ICU patients showed significant and
clinically meaningful improvements in outcomes includ-
ing survival, mechanical ventilation use, coma, delirium,
restraint-free care, ICU readmissions, and post-ICU dis-
charge disposition [147]. Although randomized clinical
studies are lacking, this multifaceted approach is recom-
mended to reduce delirium burden in ICU.

Acknowledgements
The authors wish to thank Mary Pellegrin for revision of the manuscript.

Author contributions

Conception: RS, CC—Writing of the manuscript: RS, EA, PB, SB, GC, PC, DC, AG,
BH, PJ, VL, CL, SL, TR, BR, BS, SS, TS, FST, DV, NW, CC.—Critical revision of the
final version: all authors.

Funding
None.

Availability of data and materials
Data supporting this paper will be made available upon request to the cor-
responding author.



Sonneville et al. Annals of Intensive Care

(2025) 15:37

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
RS received grants from the French Ministry of Health and research funding
from LFB. Other authors have no COI to disclose.

Author details

"Médecine intensive reanimation, Hépital Bichat - Claude Bernard, 46 Rue
Henri Huchard, 75877 Paris Cedex, France. 2Université Paris Cité, IAME, INSERM,
UMR 1137, 75018 Paris, France. *Clinical Neurophysiology and Neuromodula-
tion Unit, Departments of Physiology and Critical Care Medicine, Inserm UMR
1173, Infection and Inflammation (21), Raymond Poincaré Hospital, Assistance
Publique- Hopitaux de Paris, University of Versailles Saint-Quentin en Yvelines

(UVSQ), Paris-Saclay University, Garches, Paris, France. “Médecine intensive

reanimation, CHU de Brest, Brest, France. >’Médecine intensive reanimation,

Hépital Cochin, Paris, France. ®Service de reanimation medico-chirurgicale

Hopital Foch, Suresnes, France. 7Imagerie medicale, Hopital Bichat - Claude

Bernard, Paris, France. #Médecine intensive reanimation, Hopital Européen

Georges Pompidou, Paris, France. “Médecine intensive reanimation, Hopital

Delafontaine, Saint Denis, France. '°DMU Neurosciences, Départernent
de Neurophysiologie Clinique, Paris Brain Institute — ICM, Inserm U1127,
Sorbonne Université, APHP, Hopital Pitié-Salpétriere, CNRS-UMR7225, Paris,

France. "' Anesthesia and intensive care department, Pole Neuro, GHU Paris

Psychiatrie et Neurosciences, Sainte Anne Hospital, Paris, France. 2INSERM
U1266, Institute of Psychiatry and Neurosciences of Paris, Université Paris

Cité, Paris, France. '*Médecine intensive reanimation, CH Mignot, Le Chesnay,
France. "*DMU Neurosciences - Neuro ICU, PICNIC-Lab, Sorbonne Université,
APHP, Hopital de la Pitié Salpétriére, Paris Brain Institute - ICM, Inserm, CNRS,
Paris, France. "*Service de reanimation Polyvalente Hopital Purpan, CHU de
Toulouse, Toulouse, France. '®Service des Soins intensifs, Hopital Universitaire
de Bruxelles (HUB), Université Libre de Bruxelles (ULB), Brussels, Belgique.
!7Centre Antipoison de Paris, AP-HP, Hopital Fernand Widal, 75010 Paris,
France. '®Inserm, Optimisation Thérapeutique en Neuropsychopharmacologie,
Université Paris Cité, 75006 Paris, France. '°UFR de médecine, Université Paris-
Cité, 75010 Paris, France.

Received: 23 October 2024 Accepted: 11 January 2025
Published online: 21 March 2025

References

1.

Slooter AJC, Otte WM, Devlin JW, Arora RC, Bleck TP, Claassen J, Duprey
MS, Ely EW, Kaplan PW, Latronico N, Morandi A, Neufeld KJ, Sharshar T,
MacLullich AMJ, Stevens RD. Updated nomenclature of delirium and
acute encephalopathy: statement of ten societies. Intensive Care Med.
2020;46:1020-2.

Wilson JE, Mart MF, Cunningham C, Shehabi Y, Girard TD, MacLullich
AMJ, Slooter AJC, Ely EW. Delirium. Nat Rev Dis Primers. 2020;6:90.
Teasdale G, Jennett B. Assessment of coma and impaired conscious-
ness. A practical scale. Lancet. 1974;2:81-4.

Wijdicks EFM, Bamlet WR, Maramattom BV, Manno EM, McClelland

RL. Validation of a new coma scale: the FOUR score. Ann Neurol.
2005;58:585-93.

Meyfroidt G, Bouzat P, Casaer MP, Chesnut R, Hamada SR, Helbok R,
Hutchinson P, Maas AIR, Manley G, Menon DK, Newcombe VFJ, Oddo
M, Robba C, Shutter L, Smith M, Steyerberg EW, Stocchetti N, Taccone
FS, Wilson L, Zanier ER, Citerio G. Management of moderate to severe
traumatic brain injury: an update for the intensivist. Intensive Care Med.
2022;48:649-66.

Hoh BL, Ko NU, Amin-Hanjani S, Chou SH-Y, Cruz-Flores S, Dangayach
NS, Derdeyn CP, Du R, Hanggi D, Hetts SW, Ifejika NL, Johnson R, Keigher
KM, Leslie-Mazwi TM, Lucke-Wold B, Rabinstein AA, Robicsek SA,
Stapleton CJ, Suarez JI, Tjoumakaris SI, Welch BG. 2023 Guideline for the

20.

21.

22.

23.

24,

Page 14 of 18

management of patients with aneurysmal subarachnoid hemorrhage:
a guideline from the American heart association/American stroke
association. Stroke. 2023;54.e314-70.

Greenberg SM, Ziai WC, Cordonnier C, Dowlatshahi D, Francis B, Gold-
stein JN, Hemphill JC, Johnson R, Keigher KM, Mack WJ, Mocco J, New-
ton EJ, Ruff IM, Sansing LH, Schulman S, Selim MH, Sheth KN, Sprigg N,
Sunnerhagen KS, Association AH, Association AS. 2022 Guideline for the
management of patients with spontaneous intracerebral hemorrhage:
a guideline from the American heart association/American stroke
association. Stroke. 2022;53:e282-361.

Nolan JP, Sandroni C, Béttiger BW, Cariou A, Cronberg T, Friberg H, Gen-
brugge C, Haywood K, Lilja G, Moulaert VRM, Nikolaou N, Olasveengen
TM, Skrifvars MB, Taccone F, Soar J. European resuscitation council and
european society of intensive care medicine guidelines 2021: post-
resuscitation care. Intensive Care Med. 2021;47:369-421.

Acharya R, Kafle S, Shrestha DB, Sedhai YR, Ghimire M, Khanal K, Malla
QB, Nepal U, Shrestha R, Giri B. Use of computed tomography of the
head in patients with acute atraumatic altered mental status: a system-
atic review and meta-analysis. JAMA Netw Open. 2022;5:€2242805.
Callen AL, Chow DS, Chen YA, Richelle HR, Pao J, Bardis M, Weinberg

BD, Hess CP, Sugrue LP. Predictive value of noncontrast head CT with
negative findings in the emergency department setting. AJNR Am J
Neuroradiol. 2020;41:213-8.

Chokshi FH, Sadigh G, Carpenter W, Kang J, Duszak R, Khosa F.

Altered mental status in ICU patients: diagnostic yield of noncontrast
head CT for abnormal and communicable findings. Crit Care Med.
2016;44:21180-5.

Esquevin A, Raoult H, Ferré J-C, Ronziére T, Stamm A, Perennes M, Bellou
A, Gauvrit J-Y. Systematic combined noncontrast CT-CT angiography

in the management of unexplained nontraumatic coma. Am J Emerg
Med. 2013;31:494-8.

Shuaib W, Tiwana MH, Chokshi FH, Johnson JO, Bedi H, Khosa F. Utility
of CT head in the acute setting: value of contrast and non-contrast
studies. Ir J Med Sci. 2015;184:631-5.

Hijazi Z, Lange P, Watson R, Maier AB. The use of cerebral imaging for
investigating delirium aetiology. Eur J Intern Med. 2018;52:35-9.
Suchyta MR, Jephson A, Hopkins RO. Neurologic changes during critical
iliness: brain imaging findings and neurobehavioral outcomes. Brain
Imaging Behav. 2010;4:22-34.

Polito A, Eischwald F, Maho A-LL, Polito A, Azabou E, Annane D, Chrétien
F, Stevens RD, Carlier R, Sharshar T. Pattern of brain injury in the acute
setting of human septic shock. Crit Care. 2013;17:R204.

Sonneville R, Benghanem S, Jeantin L, de Montmollin E, Doman M,
Gaudemer A, Thy M, Timsit J-F. The spectrum of sepsis-associated
encephalopathy: a clinical perspective. Crit Care. 2023;27:386.

Jeon S-B, Sohn CH, Seo D-W, Oh BJ, Lim KS, Kang D-W, Kim WY. Acute
brain lesions on magnetic resonance imaging and delayed neurological
sequelae in carbon monoxide poisoning. JAMA Neurol. 2018;75:436-43.
Chow FC, Glaser CA, Sheriff H, Xia D, Messenger S, Whitley R, Venkate-
san A. Use of clinical and neuroimaging characteristics to distinguish
temporal lobe herpes simplex encephalitis from its mimics. Clin Infect
Dis. 2015;60:1377-83.

Moon S-N, Jeon SJ, Choi SS, Song CJ, Chung GH, Yu IK, Kim DH. Can
clinical and MRI findings predict the prognosis of variant and classical
type of posterior reversible encephalopathy syndrome (PRES)? Acta
Radiol. 2013;54:1182-90.

Kelly MJ, Grant E, Murchison AG, Binks S, Ramanathan S, Michael S, Han-
del AE, Handunnetthi L, Uy CE, Soltys JN, Dubey D, Day GS, Lopez-Chir-
iboga AS, Flanagan EP, Sheerin F, Irani SR. Magnetic resonance imaging
characteristics of LGI1-antibody and CASPR2-antibody encephalitis.
JAMA Neurol. 2024. https://doi.org/10.1001/jamaneurol.2024.0126.
Carrera E, Claassen J, Oddo M, Emerson RG, Mayer SA, Hirsch LJ.
Continuous electroencephalographic monitoring in critically ill patients
with central nervous system infections. Arch Neurol. 2008;65:1612-8.
Mittal MK, Rabinstein AA, Hocker SE, Pittock SJ, Wijdicks EFM, McKeon A.
Autoimmune encephalitis in the ICU: analysis of phenotypes, serologic
findings, and outcomes. Neurocrit Care. 2016;24:240-50.

Struck AF, Osman G, Rampal N, Biswal S, Legros B, Hirsch LJ, Westover
MB, Gaspard N. Time-dependent risk of seizures in critically ill patients
on continuous electroencephalogram. Ann Neurol. 2017,82:177-85.


https://doi.org/10.1001/jamaneurol.2024.0126

Sonneville et al. Annals of Intensive Care

25.

26.

27.

28.

29.

30.

32.

33

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

(2025) 15:37

Kastrup O, Gerwig M, Frings M, Diener H-C. Posterior reversible
encephalopathy syndrome (PRES): electroencephalographic findings
and seizure patterns. J Neurol. 2012;259:1383-9.

Hirsch LJ, Fong MWK, Leitinger M, LaRoche SM, Beniczky S, Abend

NS, Lee JW, Wusthoff CJ, Hahn CD, Westover MB, Gerard EE, Herman

ST, Haider HA, Osman G, Rodriguez-Ruiz A, Maciel CB, Gilmore EJ,
Fernandez A, Rosenthal ES, Claassen J, Husain AM, Yoo JY, So EL, Kaplan
PW, Nuwer MR, van Putten M, Sutter R, Drislane FW, Trinka E, Gaspard N.
American clinical neurophysiology society’s standardized critical care
EEG terminology: 2021 version. J Clin Neurophysiol. 2021;38:1-29.
Sutter R, Kaplan PW, Cervenka MC, Thakur KT, Asemota AO, Venkatesan
A, Geocadin RG. Electroencephalography for diagnosis and prognosis
of acute encephalitis. Clin Neurophysiol. 2015;126:1524-31.

Schmitt SE, Pargeon K, Frechette ES, Hirsch LJ, Dalmau J, Friedman D.
Extreme delta brush: a unique EEG pattern in adults with anti-NMDA
receptor encephalitis. Neurology. 2012;79:1094-100.

Jeannin-Mayer S, André-Obadia N, Rosenberg S, Boutet C, Honnorat J,
Antoine JC, Mazzola L. EEG analysis in anti-NMDA receptor encephalitis:
description of typical patterns. Clin Neurophysiol. 2019;130:289-96.
Weiss N, Regard L, Vidal C, Luque Y, Taldir G, Vallet H, Diehl J-L, Fagon J-Y,
Guerot E. Causes of coma and their evolution in the medical intensive
care unit. J Neurol. 2012;259:1474-7.

Horsting MWB, Franken MD, Meulenbelt J, van Klei WA, de Lange DW.
The etiology and outcome of non-traumatic coma in critical care: a
systematic review. BMC Anesthesiol. 2015;15:65.

Bijlsma MW, Brouwer MC, Kasanmoentalib ES, Kloek AT, Lucas MJ, Tanck
MW, van der Ende A, van de Beek D. Community-acquired bacterial
meningitis in adults in the Netherlands, 2006-14: a prospective cohort
study. Lancet Infect Dis. 2016;16:339-47.

Trujillo-Gomez J, Tsokani S, Arango-Ferreira C, Atehortta-Munoz S,
Jimenez-Villegas MJ, Serrano-Tabares C, Veroniki A-A, Florez ID. Biofire
FilmArray meningitis/encephalitis panel for the aetiological diagnosis of
central nervous system infections: a systematic review and diagnostic
test accuracy meta-analysis. EClinicalMedicine. 2022;44:101275.

de Montmollin E, Dupuis C, Jaquet P, Sarton B, Sazio C, Susset V, Conrad
M, Argaud L, Demeret S, Tadié JM, Barbier F, Wolff M, Timsit J-F, Visseaux
B, Sonneville R. Herpes simplex virus encephalitis with initial negative
polymerase chain reaction in the cerebrospinal fluid: prevalence, asso-
ciated factors, and clinical impact. Crit Care Med. 2022;50:e643-8.

Greig PR, Goroszeniuk D. Role of computed tomography before lumbar
puncture: a survey of clinical practice. Postgrad Med J. 2006;82:162-5.
Costerus JM, Brouwer MC, Sprengers MES, Roosendaal SD, van der Ende
A, van de Beek D. Cranial computed tomography, lumbar puncture, and
clinical deterioration in bacterial meningitis: a nationwide cohort study.
Clin Infect Dis. 2018;67:920-6.

Park N, Nigo M, Hasbun R. Comparison of four international guidelines
on the utility of cranial imaging before lumbar puncture in adults with
bacterial meningitis. Clin Neuroradiol. 2022;32:857-62.

Glimaker M, Sjolin J, Akesson S, Naucler P. Lumbar puncture performed
promptly or after neuroimaging in acute bacterial meningitis in adults:
a prospective national cohort study evaluating different guidelines. Clin
Infect Dis. 2018;66:321-8.

Hoen B, Varon E, de Debroucker T, Fantin B, Grimprel E, Wolff M, Duval
X, expert and reviewing group,. Management of acute community-
acquired bacterial meningitis (excluding newborns). Long version with
arguments. Med Mal Infect. 2019;49:405-41.

Ely EW, Shintani A, Truman B, Speroff T, Gordon SM, Harrell FE, Inouye
SK, Bernard GR, Dittus RS. Delirium as a predictor of mortality in
mechanically ventilated patients in the intensive care unit. JAMA.
2004;291:1753-62.

Bergeron N, Dubois MJ, Dumont M, Dial S, Skrobik Y. Intensive care
delirium screening checklist: evaluation of a new screening tool. Inten-
sive Care Med. 2001;27:859-64.

Kondziella D, Bender A, Diserens K, van Erp W, Estraneo A, Formisano R,
Laureys S, Naccache L, Ozturk S, Rohaut B, Sitt JD, Stender J, Tiainen M,
Rossetti AO, Gosseries O, Chatelle C. European academy of neurology
guideline on the diagnosis of coma and other disorders of conscious-
ness. Eur J Neurol. 2020;27:741-56.

Spies CD, Otter HE, Hiske B, Sinha P, Neumann T, Rettig J, Lenzenhu-
ber E, Kox WJ, Sellers EM. Alcohol withdrawal severity is decreased by

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Page 150f 18

symptom-orientated adjusted bolus therapy in the ICU. Intensive Care
Med. 2003;29:2230-8.

Heavner JJ, Akgtin KM, Heavner MS, Eng CC, Drew M, Jackson P,
Pritchard D, Honiden S. Implementation of an ICU-specific alcohol
withdrawal syndrome management protocol reduces the need for
mechanical ventilation. Pharmacotherapy. 2018;38:701-13.

Ely EW, Inouye SK, Bernard GR, Gordon S, Francis J, May L, Truman

B, Speroff T, Gautam S, Margolin R, Hart RP, Dittus R. Delirium in
mechanically ventilated patients: validity and reliability of the confu-
sion assessment method for the intensive care unit (CAM-ICU). JAMA.
2001,286:2703-10.

Robba C, Taccone FS. How | use transcranial doppler. Crit Care.
2019,23:420.

Czosnyka M, Brady K, Reinhard M, Smielewski P, Steiner LA. Monitor-
ing of cerebrovascular autoregulation: facts, myths, and missing links.
Neurocrit Care. 2009;10:373-86.

Abdo A, Pérez-Bernal J, Hinojosa R, Porras F, Castellanos R, Gémez F,
Gutiérrez J, Castellanos A, Leal G, Espinosa N, Gomez-Bravo M. Cerebral
hemodynamics patterns by transcranial doppler in patients with acute
liver failure. Transplant Proc. 2015;47:2647-9.

Larsen FS, Strauss G, Knudsen GM, Herzog TM, Hansen BA, Secher NH.
Cerebral perfusion, cardiac output, and arterial pressure in patients with
fulminant hepatic failure. Crit Care Med. 2000;28:996-1000.

Hepatic encephalopathy and cerebral blood flow improved by liver
dialysis treatment - PubMed. https://pubmed.ncbi.nim.nih.gov/12653
349/. Accessed 10 May 2024

Kalal CR, Maiwall R, Choudhary A, Premkumar M, Kumar G, Vyas

AK, Sarin SK. Mannitol is comparable to hypertonic saline for raised
intracranial pressure in acute liver failure (MAHAL study): a randomized
controlled trial. Dig Dis. 2022;40:607-15.

Privitera M, Hoffman M, Moore JL, Jester D. EEG detection of nontonic-
clonic status epilepticus in patients with altered consciousness.
Epilepsy Res. 1994;18:155-66.

Sutter R. Are we prepared to detect subtle and nonconvulsive status
epilepticus in critically ill patients? J Clin Neurophysiol. 2016;33:25-31.
Towne AR, Waterhouse EJ, Boggs JG, Garnett LK, Brown AJ, Smith JR,
Delorenzo RJ. Prevalence of nonconvulsive status epilepticus in coma-
tose patients. Neurology. 2000;54:340-5.

Claassen J, Mayer SA, Kowalski RG, Emerson RG, Hirsch LJ. Detection of
electrographic seizures with continuous EEG monitoring in critically ill
patients. Neurology. 2004;62:1743-8.

Oddo M, Carrera E, Claassen J, Mayer SA, Hirsch LJ. Continuous elec-
troencephalography in the medical intensive care unit. Crit Care Med.
2009;37:2051-6.

Laccheo |, Sonmezturk H, Bhatt AB, Tomycz L, ShiY, Ringel M, DiCarlo
G, Harris D, Barwise J, Abou-Khalil B, Haas KF. Non-convulsive status
epilepticus and non-convulsive seizures in neurological ICU patients.
Neurocrit Care. 2015;22:202-11.

Alvarez V, Rodriguez Ruiz AA, La Roche S, Hirsch LJ, Parres C, Voinescu
PE, Fernandez A, Petroff OA, Rampal N, Haider HA, Lee JW.The use and
yield of continuous EEG in critically ill patients: a comparative study of
three centers. Clin Neurophysiol. 2017,128:570-8.

Alkhachroum A, Appavu B, Egawa S, Foreman B, Gaspard N, Gilmore
EJ, Hirsch LJ, Kurtz P, Lambrecq V, Kromm J, Vespa P, Zafar SF, Rohaut B,
Claassen J. Electroencephalogram in the intensive care unit: a focused
look at acute brain injury. Intensive Care Med. 2022;48:1443-62.
Kaleem S, Kang JH, Sahgal A, Hernandez CE, Sinha SR, Swisher CB. Elec-
trographic seizure detection by neuroscience intensive care unit nurses
via bedside real-time quantitative EEG. Neurol Clin Pract. 2021;11:420-8.
André-Obadia N, Parain D, Szurhaj W. Continuous EEG monitoring in
adults in the intensive care unit (ICU). Neurophysiol Clin. 2015;45:39-46.
Raghavan M, Marik PE. Therapy of intracranial hypertension in patients
with fulminant hepatic failure. Neurocrit Care. 2006;4:179-89.
Mohsenin V. Assessment and management of cerebral edema

and intracranial hypertension in acute liver failure. J Crit Care.
2013;28:783-91.

Depreitere B, Bruyninckx D, Guiza F. Monitoring of intracranial pressure
in meningitis. Acta Neurochir Suppl. 2016;122:101-4.

Tetens MM, Roed C, Bodilsen J, Omland LH, Mens H, Lebech A-M, Obel
N, Mealler K, Rasmussen R, Overgaard-Steensen C, Perner A, Ziebell M,
Andersen AB. Use of intensive care, intracranial pressure monitoring,


https://pubmed.ncbi.nlm.nih.gov/12653349/
https://pubmed.ncbi.nlm.nih.gov/12653349/

Sonneville et al. Annals of Intensive Care

66.

67.

68.

69.

70.

72.

73.

74.

75.

76.

77.

78.

79.

(2025) 15:37

and external ventricular drainage devises in patients with bacterial
meningitis, a cohort study. Acta Neurochir. 2024;166:287.

Kutlesa M, Lepur D, Barsi¢ B. Therapeutic hypothermia for adult
community-acquired bacterial meningitis-historical control study. Clin
Neurol Neurosurg. 2014;123:181-6.

Sonneville R, Gault N, de Montmollin E, Klein IF, Mariotte E, Chemam S,
Tubach F, Mourvillier B, Timsit JF, Wolff M, Bouadma L. Clinical spectrum
and outcomes of patients with encephalitis requiring intensive care.
Eur J Neurol. 2015;22:6-e1.

Jaquet P, de Montmollin E, Dupuis C, Sazio C, Conrad M, Susset V,
Demeret S, Tadie JM, Argaud L, Barbier F, Sarton B, Chabane R, Daubin
D, Brulé N, Lerolle N, Alves M, Da Silva D, Kalioubi AE, Silva S, Bailly P,
Wolff M, Bouadma L, Timsit JF, Sonneville R. Functional outcomes in
adult patients with herpes simplex encephalitis admitted to the ICU: a
multicenter cohort study. Intensive Care Med. 2019;45:1103-11.
Saxena M, Young P, Pilcher D, Bailey M, Harrison D, Bellomo R, Finfer

S, Beasley R, Hyam J, Menon D, Rowan K, Myburgh J. Early tempera-
ture and mortality in critically ill patients with acute neurological
diseases: trauma and stroke differ from infection. Intensive Care Med.
2015;41:823-32.

Cariou A, Payen J-F, Asehnoune K, Audibert G, Botte A, Brissaud O,
Debaty G, Deltour S, Deye N, Engrand N, Francony G, Legriel S, Levy B,
Meyer P, Orban J-C, Renolleau S, Vigue B, De Saint BL, Mathien C, Velly
L. Targeted temperature management in the ICU: guidelines from a
French expert panel. Ann Intensive Care. 2017;7:70.

Fontaine C, Lemiale V, Resche-Rigon M, Schenck M, Chelly J, Geeraerts
T,Hamdi A, Guitton C, Meziani F, Lefrant J-Y, Megarbane B, Mentec

H, Chaffaut C, Cariou A, Legriel S. Association of systemic secondary
brain insults and outcome in patients with convulsive status epilep-
ticus: a post hoc study of a randomized controlled trial. Neurology.
2020,95:€2529-41.

Legriel S, Lemiale V, Schenck M, Chelly J, Laurent V, Daviaud F, Srairi M,
Hamdi A, Geri G, Rossignol T, Hilly-Ginoux J, Boisramé-Helms J, Louart
B, Malissin I, Mongardon N, Planquette B, Thirion M, Merceron S, Canet
E, Pico F, Tran-Dinh Y-R, Bedos J-P, Azoulay E, Resche-Rigon M, Cariou
A. Hypothermia for neuroprotection in convulsive status epilepticus. N
EnglJ Med. 2016;375:2457-67.

Bernal W, Murphy N, Brown S, Whitehouse T, Bjerring PN, Hauerberg

J, Frederiksen HJ, Auzinger G, Wendon J, Larsen FS. A multicentre
randomized controlled trial of moderate hypothermia to prevent

intracranial hypertension in acute liver failure. J Hepatol. 2016;65:273-9.

Mourvillier B, Tubach F, van de Beek D, Garot D, Pichon N, Georges H,
Lefevre LM, Bollaert P-E, Boulain T, Luis D, Cariou A, Girardie P, Chelha

R, Megarbane B, Delahaye A, Chalumeau-Lemoine L, Legriel S, Beuret
P Brivet F, Bruel C, Camou F, Chatellier D, Chillet P, Clair B, Constantin
J-M, Duguet A, Galliot R, Bayle F, Hyvernat H, Ouchenir K, Plantefeve G,
Quenot J-P, Richecoeur J, Schwebel C, Sirodot M, Esposito-Farése M, Le
Tulzo Y, Wolff M. Induced hypothermia in severe bacterial meningitis: a
randomized clinical trial. JAMA. 2013;310:2174-83.

Pandharipande PP, Girard TD, Jackson JC, Morandi A, Thompson JL, Pun
BT, Brummel NE, Hughes CG, Vasilevskis EE, Shintani AK, Moons KG,
Geevarghese SK, Canonico A, Hopkins RO, Bernard GR, Dittus RS, Ely
EW. Long-term cognitive impairment after critical illness. N Engl J Med.
2013;369:1306-16.

Krewulak KD, Stelfox HT, Leigh JP, Ely EW, Fiest KM. Incidence and
prevalence of delirium subtypes in an adult ICU: a systematic review
and meta-analysis. Crit Care Med. 2018;46:2029-35.

Khan BA, Perkins AJ, Gao S, Hui SL, Campbell NL, Farber MO, Chlan LL,
Boustani MA. The confusion assessment method for the ICU-7 delirium
severity scale: a novel delirium severity instrument for use in the ICU.
Crit Care Med. 2017;45:851-7.

Wijdicks EFM, Kramer AA, Rohs T, Hanna S, Sadaka F, O'Brien J, Bible S,
Dickess SM, Foss M. Comparison of the full outline of unresponsiveness
score and the glasgow coma scale in predicting mortality in critically ill
patients*. Crit Care Med. 2015;43:439-44.

Abdallah A, Demaerschalk BM, Kimweri D, Aden AA, Zhang N, But-
terfield R, Asiimwe SB, O'Carroll CB. A comparison of the full outline

of unresponsiveness (FOUR) and glasgow coma scale (GCS) scores in
predicting mortality among patients with reduced level of conscious-
ness in Uganda. Neurocrit Care. 2020;32:734-41.

80.

82.

83.

84.

85.

86.

87.

88.

89.

90.

ot

92.

93.

94.

95.

96.

Page 16 of 18

Rohaut B, Porcher R, Hissem T, Heming N, Chillet P, Djedaini K, Moneger
G, Kandelman S, Allary J, Cariou A, Sonneville R, Polito A, Antona M,
Azabou E, Annane D, Siami S, Chrétien F, Mantz J, Sharshar T. Brainstem
response patterns in deeply-sedated critically-ill patients predict 28-day
mortality. PLoS ONE. 2017;12:e0176012.

Benghanem S, Cariou A, Diehl J-L, Marchi A, Charpentier J, Augy J-L,
Hauw-Berlemont C, Gavaret M, Péne F, Mira J-P, Sharshar T, Hermann B.
Early clinical and electrophysiological brain dysfunction is associated
with ICU outcomes in COVID-19 critically ill patients with acute respira-
tory distress syndrome: a prospective bicentric observational study. Crit
Care Med. 2022;50:1103-15.

Estraneo A, Magliacano A, Fiorenza S, Formisano R, Grippo A, Angelakis
E, Cassol H, Thibaut A, Gosseries O, Lamberti G, Noé E, Bagnato S, Edlow
BL, Chatelle C, Lejeune N, Veeramuthu V, Bartolo M, Mattia D, Toppi

J, Zasler N, Schnakers C, Trojano L. Risk factors for 2-year mortality in
patients with prolonged disorders of consciousness: an international
multicentre study. Eur J Neurol. 2022;29:390-9.

Cordoba J, Ventura-Cots M, Simoén-Talero M, Amords A, Pavesi M,
Vilstrup H, Angeli P, Domenicali M, Ginés P, Bernardi M, Arroyo V. Char-
acteristics, risk factors, and mortality of cirrhotic patients hospitalized
for hepatic encephalopathy with and without acute-on-chronic liver
failure (ACLF). J Hepatol. 2014;60:275-81.

Lim J-A, Lee S-T, Moon J, Jun J-S, Kim T-J, Shin Y-W, Abdullah S, Byun J-,
Sunwoo J-S, Kim KT, Yang T-W, Lee W-J, Moon H-J, Kim DW, Lim BC, Cho
YW, Yang T-H, Kim HJ, Kim Y-S, Koo YS, Park B, Jung K-H, Kim M, Park K-,
Jung K-Y, Chu K, Lee SK. Development of the clinical assessment scale
in autoimmune encephalitis. Ann Neurol. 2019;85:352-8.

Balu R, McCracken L, Lancaster E, Graus F, Dalmau J, Titulaer MJ. A score
that predicts 1-year functional status in patients with anti-NMDA recep-
tor encephalitis. Neurology. 2019,92:e244-52.

Macher S, Bsteh G, Hoftberger R, Berger T, Rommer P, Zrzavy T. Clinical
scales in autoimmune encephalitis-A retrospective monocentric cohort
study. Ann Clin Transl Neurol. 2023;10:1768-75.

Favre E, Bernini A, Morelli P, Pasquier J, Miroz J-P, Abed-Maillard S, Ben-
Hamouda N, Oddo M. Neuromonitoring of delirium with quantitative
pupillometry in sedated mechanically ventilated critically ill patients.
Crit Care. 2020;24:66.

Okamoto S, Ishizawa M, Inoue S, Sakuramoto H. Use of Auto-

mated Infrared Pupillometry to Predict Delirium in the Intensive

Care Unit: A Prospective Observational Study. SAGE Open Nurs.
2022;8:23779608221124416.

El Boujdaini A, Peluso L, Khaldi A, Macchini E, Minini A, Gouvea Bogos-
sian E, Creteur J, Taccone FS. Prognostic role of automatic pupillometry
in sepsis: a retrospective study. Minerva Anestesiol. 2022;88:371-9.
Miroz J-P, Ben-Hamouda N, Bernini A, Romagnosi F, Bongiovanni F,
Roumy A, Kirsch M, Liaudet L, Eckert P, Oddo M. Neurological pupil
index for early prognostication following veno-arterial extracorporeal
membrane oxygenation. Chest. 2019. https://doi.org/10.1016/j.chest.
2019.11.037.

Yan S, Tu Z, LuW, Zhang Q, He J, Li Z, Shao Y, Wang W, Zhang M, Zheng
S. Clinical utility of an automated pupillometer for assessing and moni-
toring recipients of liver transplantation. Liver Transpl. 2009;15:1718-27.
Menozzi M, Gosse J, Talamonti M, Di Bernardini E, Quispe Cornejo A,
Gustot T, Creteur J, Peluso L, Taccone FS. The use of automated pupil-
lometry in critically ill cirrhotic patients with hepatic encephalopathy. J
Crit Care. 2021,62:176-82.

Hasan S, Peluso L, Ferlini L, Legros B, Calabro L, Oddo M, Creteur J,
Vincent J-L, Gaspard N, Taccone FS. Correlation between electroen-
cephalography and automated pupillometry in critically ill patients: a
pilot study. J Neurosurg Anesthesiol. 2021;33:161-6.

Peluso L, Rechichi S, Franchi F, Pozzebon S, Scolletta S, Brasseur A,
Legros B, Vincent J-L, Creteur J, Gaspard N, Taccone FS. Electroencepha-
lographic features in patients undergoing extracorporeal membrane
oxygenation. Crit Care. 2020;24:629.

Morandi A, Gunther ML, Vasilevskis EE, Girard TD, Hopkins RO, Jackson
JC, Pandharipande P, Ely EW. Neuroimaging in delirious intensive care
unit patients. Psychiatry. 2010;7:28-33.

Singh TD, Fugate JE, Rabinstein AA. The spectrum of acute encepha-
litis: causes, management, and predictors of outcome. Neurology.
2015;84:359-66.


https://doi.org/10.1016/j.chest.2019.11.037
https://doi.org/10.1016/j.chest.2019.11.037

Sonneville et al. Annals of Intensive Care

98.

99.

100.

101.

102.

103.

105.

106.

107.

108.

109.

110.

1.

(2025) 15:37

Thakur KT, Motta M, Asemota AO, Kirsch HL, Benavides DR, Schneider
EB, McArthur JC, Geocadin RG, Venkatesan A. Predictors of outcome in
acute encephalitis. Neurology. 2013;81:793-800.

Sharshar T, Carlier R, Bernard F, Guidoux C, Brouland J-P, Nardi O, de la
Grandmaison GL, Aboab J, Gray F, Menon D, Annane D. Brain lesions in
septic shock: a magnetic resonance imaging study. Intensive Care Med.
2007;33:798-806.

Orhun G, Esen F, Ozcan PE, Sencer S, Bilgic B, Ulusoy C, Noyan H,
Kicukerden M, Ali A, Barburoglu M, Tizlin E. Neuroimaging findings in
sepsis-induced brain dysfunction: association with clinical and labora-
tory findings. Neurocrit Care. 2019;30:106-17.

Orhun G, Tiiziin E, Bilgic B, Ergin Ozcan P, Sencer S, Barburoglu M, Esen
F. Brain volume changes in patients with acute brain dysfunction due
to sepsis. Neurocrit Care. 2020;32:459-68.

Sarton B, Jaquet P, Belkacemi D, de Montmollin E, Bonneville F, Sazio C,
Frérou A, Conrad M, Daubin D, Chabanne R, Argaud L, Dailler F, Brulé N,
Lerolle N, Maestraggi Q, Marechal J, Bailly P, Razazi K, Mateos F, Guidet B,
Levrat A, Susset V, Lautrette A, Mira J-P, El Kalioubie A, Robert A, Massri
A, Albucher JF, Olivot JM, Conil JM, Boudma L, Timsit J-F, Sonneville R,
Silva S. Assessment of magnetic resonance imaging changes and func-

tional outcomes among adults with severe herpes simplex encephalitis.

JAMA Netw Open. 2021;4:e2114328.

Singh TD, Fugate JE, Hocker S, Wijdicks EFM, Aksamit AJ, Rabinstein AA.
Predictors of outcome in HSV encephalitis. J Neurol. 2016;263:277-89.
Herlin LK, Hansen KS, Bodilsen J, Larsen L, Brandt C, Andersen C&,
Hansen BR, Luttichau HR, Helweg-Larsen J, Wiese L, Storgaard M,
Nielsen H, Mogensen TH. Varicella zoster virus encephalitis in Denmark
from 2015 to 2019—a nationwide prospective cohort study. Clin Infect
Dis. 2021;72:1192-9.

Mirouse A, Sonneville R, Razazi K, Merceron S, Argaud L, Bigé N, Faguer
S, Perez P, Géri G, Guérin C, Moreau A-S, Papazian L, Robert R, Barbier

F, Ganster F, Mayaux J, Azoulay E, Canet E. Neurologic outcome of VZV
encephalitis one year after ICU admission: a multicenter cohort study.
Ann Intensive Care. 2022;12:32.

Nagel MA, Cohrs RJ, Mahalingam R, Wellish MC, Forghani B, Schiller A,
Safdieh JE, Kamenkovich E, Ostrow LW, Levy M, Greenberg B, Russman
AN, Katzan |, Gardner CJ, Hausler M, Nau R, Saraya T, Wada H, Goto H,
de Martino M, Ueno M, Brown WD, Terborg C, Gilden DH. The varicella
zoster virus vasculopathies: clinical, CSF, imaging, and virologic features.
Neurology. 2008;70:853-60.

Broadley J, Seneviratne U, Beech P, Buzzard K, Butzkueven H, O'Brien

T, Monif M. Prognosticating autoimmune encephalitis: a systematic
review. J Autoimmun. 2019;96:24-34.

de Montmollin E, Demeret S, Brulé N, Conrad M, Dailler F, Lerolle N,
Navellou J-C, Schwebel C, Alves M, Cour M, Engrand N, Tonnelier J-M,
Maury E, Ruckly S, Picard G, Rogemond V, Magalhaes E, Sharshar T,
Timsit J-F, Honnorat J, Sonneville R. Anti-N-methyl-d-aspartate receptor
encephalitis in adult patients requiring intensive care. Am J Respir Crit
Care Med. 2017;195:491-9.

Titulaer MJ, McCracken L, Gabilondo I, Armangué T, Glaser C, lizuka

T, Honig LS, Benseler SM, Kawachi |, Martinez-Hernandez E, Aguilar E,
Gresa-Arribas N, Ryan-Florance N, Torrents A, Saiz A, Rosenfeld MR, Bal-
ice-Gordon R, Graus F, Dalmau J. Treatment and prognostic factors for
long-term outcome in patients with anti-N-methyl-D-aspartate (NMDA)
receptor encephalitis: a cohort study. Lancet Neurol. 2013;12:157-65.
Schubert J, Bréamer D, Huttner HB, Gerner ST, Fuhrer H, Melzer N, Dik A,
Priss H, Ly LT, Fuchs K, Leypoldt F, Nissen G, Schirotzek |, Dohmen C,
Bosel J, Lewerenz J, Thaler F, Kraft A, Juranek A, Ringelstein M, Stihs K-W,
Urbanek C, Scherag A, Geis C, Witte OW, Glinther A. Management and
prognostic markers in patients with autoimmune encephalitis requiring
ICU treatment. Neurol - Neuroimmunol Neuroinflam. 2019. https://doi.
org/10.1212/NXI.0000000000000514.

Zhang T, DuanY, Ye J, Xu W, Shu N, Wang C, Li K, Liu Y. Brain MRI
characteristics of patients with anti-N-methyl-D-aspartate receptor
encephalitis and their associations with 2-year clinical outcome. AJNR
Am J Neuroradiol. 2018,;39:824-9.

Sonneville R, Demeret S, Klein I, Bouadma L, Mourvillier B, Audibert J,
Legriel S, Bolgert F, Regnier B, Wolff M. Acute disseminated encepha-
lomyelitisin the intensive care unit:clinical features and outcome of 20
adults. Intensive Care Med. 2008;34:528-32.

12,

115.

116.

117.

118.

119.

121.

122.

123.

124.

125.

126.

127.

129.

130.

Page 17 of 18

de Seze J, Debouverie M, Zephir H, Lebrun C, Blanc F, Bourg V, Wier-
tlewski S, Pittion S, Laplaud D, Le Page E, Deschamps R, Cabre P, Pelletier
J, Malikova I, Clavelou P, Jaillon V, Defer G, Labauge P, Gout O, Boulay C,
Edan G, Vermersch P. Acute fulminant demyelinating disease: a descrip-
tive study of 60 patients. Arch Neurol. 2007;,64:1426-32.

Marrone LCP, Martins WA, Ramos SWM|I, Tomasi GH, Garcia MS, Marrone
BF, Gadonski G, Poli-de-Figueiredo CE, da Costa BEP, Soder RB, Huf Mar-
rone AC, da Costa JC. Posterior reversible encephalopathy syndrome
(PRES): is DWI a prognosis factor? J Clin Neurosci. 2020;72:357-9.

Karia SJ, Rykken JB, McKinney ZJ, Zhang L, McKinney AM. Utility and
significance of gadolinium-based contrast enhancement in poste-

rior reversible encephalopathy syndrome. AJNR Am J Neuroradiol.
2016;37:415-22.

Schweitzer AD, Parikh NS, Askin G, Nemade A, Lyo J, Karimi S, Knobel

A, Navi BB, Young RJ, Gupta A. Imaging characteristics associated with
clinical outcomes in posterior reversible encephalopathy syndrome.
Neuroradiology. 2017,59:379-86.

Siebert E, Bohner G, Liebig T, Endres M, Liman TG. Factors associ-

ated with fatal outcome in posterior reversible encephalopathy
syndrome: a retrospective analysis of the Berlin PRES study. J Neurol.
2017;264:237-42.

Azabou E, Magalhaes E, Braconnier A, Yahiaoui L, Moneger G, Hem-

ing N, Annane D, Mantz J, Chrétien F, Durand M-C, Lofaso F, Porcher

R, Sharshar T. Early standard electroencephalogram abnormalities
predict mortality in septic intensive care unit patients. PLoS ONE.
2015;10:e01399609.

Azabou E, Navarro V, Kubis N, Gavaret M, Heming N, Cariou A, Annane
D, Lofaso F, Naccache L, Sharshar T. Value and mechanisms of EEG
reactivity in the prognosis of patients with impaired consciousness: a
systematic review. Crit Care. 2018;22:184.

André-Obadia N, Zyss J, Gavaret M, Lefaucheur J-P, Azabou E, Boulogne
S, Guérit J-M, McGonigal A, Merle P, Mutschler V, Naccache L, Sabourdy
C, Trébuchon A, Tyvaert L, Vercueil L, Rohaut B, Delval A. Recommenda-
tions for the use of electroencephalography and evoked potentials in
comatose patients. Neurophysiol Clin. 2018;48:143-69.

Azabou E, Fischer C, Guerit JM, Annane D, Mauguiere F, Lofaso F, Shar-
shar T. Neurophysiological assessment of brain dysfunction in critically
ill patients: an update. Neurol Sci. 2017;38:715-26.

Koenig MA, Kaplan PW. Clinical applications for EPs in the ICU. J Clin
Neurophysiol. 2015;32:472-80.

Nicolao F, Efrati C, Masini A, Merli M, Attili AF, Riggio O. Role of deter-
mination of partial pressure of ammonia in cirrhotic patients with and
without hepatic encephalopathy. J Hepatol. 2003;38:441-6.

Kramer L, Tribl B, Gendo A, Zauner C, Schneider B, Ferenci P, Madl C.
Partial pressure of ammonia versus ammonia in hepatic encephalopa-
thy. Hepatology. 2000;31:30-4.

Ong JP, Aggarwal A, Krieger D, Easley KA, Karafa MT, Van Lente F,
Arroliga AC, Mullen KD. Correlation between ammonia levels and the
severity of hepatic encephalopathy. Am J Med. 2003;114:188-93.
Sheikh MF, Mookerjee RP, Agarwal B, Acharya SK, Jalan R. Prognostic role
of ammonia in patients with cirrhosis. Hepatology. 2019;70:982-94.
Shawcross DL, Sharifi Y, Canavan JB, Yeoman AD, Abeles RD, Taylor NJ,
Auzinger G, Bernal W, Wendon JA. Infection and systemic inflammation,
not ammonia, are associated with grade 3/4 hepatic encephalopathy,
but not mortality in cirrhosis. J Hepatol. 2011;54:640-9.

Kundra A, Jain A, Banga A, Bajaj G, Kar P. Evaluation of plasma ammonia
levels in patients with acute liver failure and chronic liver disease and
its correlation with the severity of hepatic encephalopathy and clinical
features of raised intracranial tension. Clin Biochem. 2005;38:696-9.
Gundling F, Zelihic E, Seidl H, Haller B, Umgelter A, Schepp W, Dodt C.
How to diagnose hepatic encephalopathy in the emergency depart-
ment. Ann Hepatol. 2013;12:108-14.

Patwardhan VR, Jiang ZG, Risech-Neiman Y, Piatkowski G, Afdhal NH,
Mukamal K, Curry MP, Tapper EB. Serum ammonia is associated with
transplant-free survival in hospitalized patients with acutely decom-
pensated cirrhosis [corrected]. J Clin Gastroenterol. 2016;50:345-50.
Ravi S, Bade KS, Hasanin M, Singal AK. Ammonia level at admission
predicts in-hospital mortality for patients with alcoholic hepatitis.
Gastroenterol Rep. 2017,5:232-6.

Nguyen DN, Huyghens L, Wellens F, Schiettecatte J, Smitz J, Vincent
J-L. Serum S100B protein could help to detect cerebral complications


https://doi.org/10.1212/NXI.0000000000000514
https://doi.org/10.1212/NXI.0000000000000514

Sonneville et al. Annals of Intensive Care (2025) 15:37 Page 18 of 18

associated with extracorporeal membrane oxygenation (ECMO). Neuro-
crit Care. 2014;20:367-74.

132. Anderson BJ, Reilly JP, Shashaty MGS, Palakshappa JA, Wysoczanski A,
Dunn TG, Kazi A, Tommasini A, Mikkelsen ME, Schweickert WD, Kolson
DL, Christie JD, Meyer NJ. Admission plasma levels of the neuronal
injury marker neuron-specific enolase are associated with mortality and
delirium in sepsis. J Crit Care. 2016;36:18-23.

133. Duda |, Krzych t, Jedrzejowska-Szyputka H, Lewin-Kowalik J. Serum
levels of the ST00B protein and neuron-specific enolase are associated
with mortality in critically ill patients. Acta Biochim Pol. 2017;64:647-52.

134. Ehler J, Petzold A, Wittstock M, Kolbaske S, Gloger M, Henschel J, Hesle-
grave A, Zetterberg H, Lunn MP, Rommer PS, Grossmann A, Sharshar T,
Richter G, Noldge-Schomburg G, Sauer M. The prognostic value of neu-
rofilament levels in patients with sepsis-associated encephalopathy—a
prospective, pilot observational study. PLoS ONE. 2019;14:e0211184.

135. Piazza O, Russo E, Cotena S, Esposito G, Tufano R. Elevated S1008B levels
do not correlate with the severity of encephalopathy during sepsis. Br J
Anaesth. 2007;99:518-21.

136. van den Boogaard M, Kox M, Quinn KL, van Achterberg T, van der
Hoeven JG, Schoonhoven L, Pickkers P. Biomarkers associated with
delirium in critically ill patients and their relation with long-term subjec-
tive cognitive dysfunction; indications for different pathways governing
delirium in inflamed and noninflamed patients. Crit Care. 2011;15:R297.

137. Grandi C, Tomasi CD, Fernandes K, Stertz L, Kapczinski F, Quevedo J,
Dal-Pizzol F, Ritter C. Brain-derived neurotrophic factor and neuron-
specific enolase, but not ST00B, levels are associated to the occurrence
of delirium in intensive care unit patients. J Crit Care. 2011;26:133-7.

138. McGrane S, Girard TD, Thompson JL, Shintani AK, Woodworth A, Ely EW,
Pandharipande PP. Procalcitonin and C-reactive protein levels at admis-
sion as predictors of duration of acute brain dysfunction in critically ill
patients. Crit Care. 2011;15:R78.

139. Brummel NE, Hughes CG, Thompson JL, Jackson JC, Pandharipande
P, McNeil JB, Raman R, Orun OM, Ware LB, Bernard GR, Ely EW, Girard
TD. Inflammation and coagulation during critical illness and long-
term cognitive impairment and disability. Am J Respir Crit Care Med.
2021;203:699-706.

140. Zhang LT, Xu X, Han H, Cao S-M, Li L-L, Lv J, Zhang L-R, Li J-G. The value
of NSE to predict ICU mortality in patients with septic shock: a prospec-
tive observational study. Medicine. 2022;101:230941.

141. Durrieu G, Olivier P, Bagheri H, Montastruc JL. Overview of adverse
reactions to nefopam: an analysis of the French pharmacovigilance
database. Fundam Clin Pharmacol. 2007;21:555-8.

142. Swart LM, van der Zanden V, Spies PE, de Rooij SE, van Munster BC. The
comparative risk of delirium with different opioids: a systematic review.
Drugs Aging. 2017,34:437-43.

143. Carson SS, Kress JP, Rodgers JE, Vinayak A, Campbell-Bright S, Levitt J,
Bourdet S, Ivanova A, Henderson AG, Pohlman A, Chang L, Rich PB, Hall
J. A randomized trial of intermittent lorazepam versus propofol with
daily interruption in mechanically ventilated patients. Crit Care Med.
2006;34:1326-32.

144. Jakob SM, Ruokonen E, Grounds RM, Sarapohja T, Garratt C, Pocock
SJ, Bratty JR, Takala J. Dexmedetomidine vs midazolam or propofol for
sedation during prolonged mechanical ventilation: two randomized
controlled trials. JAMA. 2012;307:1151-60.

145. Pugsley MK, Authier S, Curtis MJ. Principles of safety pharmacology. Br J
Pharmacol. 2008;154:1382-99.

146. Kang JS, Lee MH. Overview of therapeutic drug monitoring. Korean J
Intern Med. 2009;24:1-10.

147. Pun BT, Balas MC, Barnes-Daly MA, Thompson JL, Aldrich JM, Barr
J,Byrum D, Carson SS, Devlin JW, Engel HJ, Esbrook CL, Hargett KD,
Harmon L, Hielsberg C, Jackson JC, Kelly TL, Kumar V, Millner L, Morse
A, Perme CS, Posa PJ, Puntillo KA, Schweickert WD, Stollings JL, Tan A,
D'Agostino McGowan L, Ely EW. Caring for critically Il patients with
the ABCDEF bundle: results of the ICU liberation collaborative in over
15,000 adults. Crit Care Med. 2019;47:3-14.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	Management of severe acute encephalopathy in the ICU: an expert consensus statement from the french society of intensive care medicine
	Abstract 
	Introduction 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Results
	Acknowledgements
	References


