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Abstract
Background

The literature related to the use of processed EEG (pEEG) for depth of sedation (DOS) monitoring is increasing,
however it is unclear how to use this type of monitoring for critical care patients within the intensive care unit (ICU).

Methods

We performed a systematic review of the literature according to the Grade of Recommendation assessment,
Development, and Evaluation (GRADE) approach. The modi�ed Delphi method was utilised by a team of experts to
produce statements and recommendations derived from study questions. Three separate online rounds discussing
89 statements categorized into four domains were formulated. The panelists rated the appropriateness of each
statement and were able to suggest modi�cations or addition of statements. An analysis of anonymised ratings of
the statements by part of the panel followed each Delphi round and previously validated criteria were used to de�ne
appropriateness and consensus.

Results

Level of evidence regarding the four domains was very low. Fourteen panelists participated in the Delphi rounds and
consensus was reached for 28 out of 89 statements, from which the reccomendations were created. The main
�ndings were that DOS monitoring should be performed in critically ill patients whenever clinical evaluation is not
possible, it should be performed by continuous pEEG techniques and the resulting data depicted with graphical tools
to facilitate detection of excessive sedation, a potential cause of burst-suppression, and �nally,  structured training
is suggested to achieve a basic pEEG competency.

Conclusions

Although evidence on using DOS monitors in ICU is scarce and further research is required in order to better de�ne
the bene�ts of using pEEG, the results of this consensus highlight the general agreement that critically-ill patients
would bene�t from this type of neuromonitoring.

Background
Liberal sedation protocols and clinical scales are commonly used in the intensive care unit (ICU) for level of
consciousness evaluation and management of sedative agents in critically ill patients [1–4]. Moderate to deep
sedation (Richmond Agitation Sedation Score [RASS] ≤ -3) may sometimes be necessary in order to avoid
discomfort, improve mechanical ventilation tolerance, provide neuroprotection and to avoid awareness, especially
when neuromuscular blocking agents are administered [5–7]. Once consciousness is lost, evaluation of depth of
sedation (DOS) through clinical scales is no longer possible, exposing the patient to an increased risk of excessive
sedation, which has been associated with several complications, such as delirium, prolonged mechanical
ventilation, hemodynamic instability, increased length of ICU and hospital stay, hospital mortality, and long-term
cognitive sequelae among survivors [8, 9]. Over the past two decades, several so-called pEEG (processed
electroencephalogram) monitoring systems have been introduced into clinical practice to monitor the effects of
anesthesia, particularly in the operating room. Such monitoring systems predominantly automatically process EEG
recorded from frontal montage (using 2 to 4 channels). However, while pEEG guided monitoring is becoming more
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widely accepted during general anesthesia, its use in critically ill patients for monitoring of sedation is less common,
even in patients receiving neuromuscular blocking agents (NMBA) [7].

Therefore, a multidisciplinary panel of experts was convened to develop consensus-based recommendations. The
current literature was reviewed to provide evidence-based guidance in response to the identi�ed questions and, in
the absence of su�cient clinical data, an experts opinion was solicited. In the absence of consensus, a research
agenda was created. Four main topics related to pEEG monitoring in adults admitted to the ICU and requiring
sedation were identi�ed:

1- Patient selection: which patients to be monitored with pEEG in the ICU.

2- Techniques for EEG monitoring: focusing on the technical aspects of pEEG monitors, speci�cally: number of
channels required, visualization of a processed or non-processed raw EEG trace, types of parameters most
frequently evaluated, (burst suppression, burst suppression ratio, digital subtraction array, adimentional index of
sedation/anesthesia, [e.g., bi-spectral index (BIS), patient state index (PSI), state entropy (SE), quantium
consciousness index (qCON)], electromyography (EMG) signals), artifact occurrence and identi�cation, duration of
monitoring.

3- Use of pEEG monitors: how to use pEEG monitoring devices in the ICU, artifact identi�cation, interaction between
different drugs and the raw EEG trace and pEEG algorithms.

4- Competency to use and teach the principles of pEEG monitoring: discussing the required skills in the analysis of
pEEG data, number and types of monitored cases required in order to obtain minimum competency in analyzing this
type of neuromonitoring.

Methods

Panel selection and organization
The project was conceived by two academic experts in the �eld of pEEG (ML, FR) who established the project’s aims,
timeframe and milestones. Following an initial proposal to perform a systematic review of the literature and develop
consensus on this topic, 25 clinician experts were invited to participate to the project based on: a- their clinical
and/or scienti�c expertise and involvement in neurocritical care, neuroanesthesiology, neurology and general
intensive care practice, b- their willingness to be proactive in the project, c- the presence of some of the experts with
potential con�icts of interest that could bias the statements and d- the aim of obtaining an appropriate
multidisciplinary representation. A non-voting methodologist (PH) elaborated the relavant documentation for the
expert panelists. Clinical queries were developed in the form of six Population/Intervention/Comparison/Outcome
(PICO) groups, further leading to the identi�cation of four clinical domains related to the use of pEEG in critically ill
patients, which ultimately generated a preliminary list of statements that were submitted to the panelists. All voting
members provided a full disclosure of potential con�icts of interest.

Search strategy
A systematic focused search of the most relevant literature in EMBASE (OvidSP), MEDLINE (OvidSP), Cochrane
Central Register, and CINAHL, published from 2000 to Dec 31st 2020, was performed. Observational and
experimental studies, including literature and systematic reviews, and meta-analyses, written in English were
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included and made available through Dropbox (https://www.dropbox.com/) to all the panelists. The group of
experts was encouraged to add any missing papers of interest and, when felt necessary, to conduct related searches
themselves. The full search strategy, including the MeSH terminology, is described in Additional �le 1.

All duplicates were removed and the resulting remaining papers retrieved for full-text evaluation. They were then
screened and reviewed by two members (IS, ML) for eligibility. Any con�icts regarding the inclusion or the exclusion
of articles were resolved through a discussion with a third member (FR). The results of the search strategy are
depicted in �gure 1 and in the Additional �le 1.

Appraisal of the selected studies
Data were extracted from selected articles using a standardised form. All papers were assessed for the quality of the
evidence utilising Grading of Recommendations Assessment, Development and Evaluation (GRADE) methodology
(Additional �le 3) [10]. Observational studies were de�ned prior to assessment as having a low quality of evidence
[11]. The Risk of bias assessment for included studies is included in Additional �le 2. The strength of the
recommendation was based on judgement of the level of evidence, and reported as A to C. When the literature was
insu�cient to provide a recommendation, the experts were asked to provide it based on an analysis of the available
evidence. Few observational studies with non-comparable outcomes were identi�ed, therefore not permitting us to
perform a metanalyses.

Consensus development
The objective of the Consensus process was to reduce the heterogeneity of different opinions, necessary to reach
the highest possible degree of convergence. An initial list of 89 statements was formulated by 4 of the panelists (FR,
ML, FL, PP) and distributed to them prior the �rst Delphi round in order to provide them with the opportunity to
propose any modi�cations or additional statements. The modi�ed iterative Delphi process was conducted using
online tools [12, 13]. In each round, panel members rated the statements on a 9-point Likert scale with a rating of “1”
indicating a completely inappropriate statement through “9” representing a completely appropriate statement. The
median rating was used to classify the appropriateness, while the level of consensus was evaluated using the
disagreement index (DI), which describes the measure of the spread of ratings with a mathematical adjustment for
asymmetry. The questionnaire was submitted to the experts via a web-based survey platform (Google Forms, Menlo
Park, California, USA, docs.google.com/forms). After each round, the ratings were collated, summarised and
analysed, with the anonymised summary and analysis returned to each panel member before the following round.
From round 2 onwards, statements were included within the �nal, round unless a stopping criterion was reached (DI
< 0.5 or the DI failed to improve by > 15% in successive rounds). At the completion of the Delphi process, statements
were classi�ed as highly appropriate (median rating ≥ 8) or appropriate level of recommendation (LoR) (median
rating ≥ 7 but < 8) and with strong (DI < 0.5) or weak (DI ≥ 0.5 but < 1) consensus respectively.

Results
Of the 25 experts who were initially invited to join the panel, 21(84%) agreed and participated. The Delphi process
was completed after 3 rounds and the statements de�ning key terms were used by the panelists to generate
consensus de�nitions for 3 parameters used for ICU DOS. From the formulation of 89 statements, consensus was
reached for a total of 28 recommendations pertaining to the 4 main domains previously identi�ed (Table 1). The
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level of evidence was categorized with GRADE whenever possible. An internal review from the panelist and an
external review from a non-voting expert (TB) were used to �nalise the consensus document. 

This document is aimed to be reviewed after a �ve-year time period, or whenever new evidence from the literature
could support the change of an existing recommendation.

Patient selection
The majority of ICU patients require sedation and previous guidelines [14,15]suggested the routine use of clinical
scales in order to monitor sedation. These scales are ordinal scales that can accurately assess consciousness levels
during mild to moderate sedation, but they are unreliable when consciousness has been lost. Moreover, scoring
involves stimulating the patient which itself alters the level of sedation and patient comfort. We therefore reached
consensus and evidence suggesting the use of pEEG when sedation scoring in not possible, such as during deep
sedation (RASS -4 or -5) [16]or under neuromuscular blockade.  (Table 1 Q1.1)

A correlation between pEEG-based index (e.g. BIS, PSI, SE, qCON) values and the administered dose of intravenous
and inhalational anesthetic agents has been demonstrated: the progressive deepening of sedation induces a
corresponding progressive reduction in pEEG-based index values [17]. Current data on pEEG monitoring in critically
ill patients in ICU are less de�nitive and more controversial. During neuromuscular blockade, BIS detected
oversedation in 18 deeply sedated ICU patients and was shown to highly correlate with the Sedation Agitation Score
in 63 mechanically ventilated patients, although the correlation varied among medical, surgical and trauma patients.
Similarly, Riker et al. found good correlation between BIS and the SAS but noted that electromyographic interference
could affect the accuracy of BIS in cardiac patients receiving neuromuscular blocking agents, a group in whom
residual electromyographic activity can cause spurious BIS elevations [18]. Other DOS devices have not yet been
evaluated in ICU patients receiving muscle relaxants [19,20]. However, it is important to remember that evaluation of
brain-stem re�exes and response to pain stimulation remain paramount, since monitoring systems should be used
to supplement, and not replace, the clinical examination. Furthermore, they can assist the clinician during the
management of TBI [21,22] and to markedly reduce the total dose of sedative used to achieve the same level of
clinical sedation [23] (Table 1 Q 1.2)

The ideal timing for initiating DOS monitoring in ICU patients has yet to be investigated, but given the risks of under-
and over-sedation the experts consider that DOS monitoring should be started as soon as possible when deeper
sedation than a RASS of 0 or -1 is required [24]. (Table 1 Q1.3)

Patients admitted to ICU can require multiple interventions (e.g. central line placement, bedside tracheostomy,
change of burns dressings, thoracic drainage placement) for which deep sedation, analgesia, and sometimes the
administration of neuromuscular blocking agents are required. Several studies have shown an association between
pEEG burst suppression and negative outcomes (e.g. delirium, duration of mechanical ventilation and mortality)
[24,25]. The correlation between duration of over-sedation (in terms of cumulative time spent in BS) and outcome
has not yet been studied but BIS has shown clear reliability to detect deep sedation in mechanically ventilated
patients [26]. (Table 1 Q1.4)

Patients on ECMO have numerous risk-factors for delirium such as hypoxia, reduced cerebral perfusion and the
potential for vascular microemboli. Burst suppression associated with over-sedation might limit the bene�cial effect
of ECMO on cerebral metabolism and negatively impact patient outcomes [27]. (Table 1 Q1.5)



Page 7/22

Technology 
Processed EEG provides a compressed and simpli�ed view of the raw EEG signals, allowing for potential evaluation
by non-neurophysiologists who can alert the neurophysiologists when required because of matters of concern
[28,29].Some technical and physiological limitations of these parameters when applied to the bedside for sedation
assessment should be considered: pEEG monitoring to guide sedation of patients in intensive care is not able to
distinguish speci�c signatures of each drug used for sedation [30-32]. It requires speci�c knowledge to recognize the
features and changes in pEEG values associated with sedation with ketamine, nitrous oxide (faster EEG oscillations,
higher index values) and dexmedetomidine (profound slow oscillations, low index values in an awakable patient)
[32]. Nonetheless integration of pEEG parameters in a wide monitoring platform in addition to the raw EEG can
facilitate accurate control of sedation level and differentiate between sedation and sleep [33-35]. (Table 1 Q2. 1)

Spectral Edge Frequency (SEF95) was shown to correlate with the level of sedation. In critically ill patients sedated
with midazolam and morphine SEF95 was modestly able to detect deep sedation levels (area under the receiver
operating characteristic curve, AUC 0.687) but was a better predictor of light sedation states (AUC 0.798) [36].Overall
SEF has limitated value when used to titrate sedative administration. It is not in�uenced by drug-speci�c EEG
changes, and may show paradoxical changes when ketamine, nitrous oxide, dexmedetomidine or a combination of
drugs is used, or in the elderly or very sick patients with a low baseline voltage. As it is a summary statistic major
changes in the frequency power spectrum may occur without a signi�cant change in SEF. (Table 1 Q2.2)

Processed EEG monitors were launched primarily as ‘hypnosis monitors’ during surgery [37-39].The use of the
output index ranges suggested by the manufacturer for light and deep sedation might be an effective tool as a �rst
approach to guide and individualize sedative drug dosing schemes integrated in a multimodal monitoring strategy
in critically ill patients [40,41]. Some limitations of this technology are represented by the in�uence of EMG/artifacts
and patient conditions (e.g. brain damage) since they can alter the pEEG number [39,41-44]. Therefore, the pEEG
number should be veri�ed by the concordance with the raw EEG rhythm [45,46]. (Table 1 Q2.3) 

It may be challenging for clinicians to interpret a sedation state from the unprocessed electroencephalogram in real-
time. The presence of a spectrogram makes it easier to interpret the subtle changes across the range of EEG
frequencies. Furthermore, by presenting longer time frames than raw EEG, slower variations occurring over time are
more likely to be identi�ed. Different sedatives, acting on different neuronal circuits by different mechanisms, have
distinct EEG signatures which produce different spectrogram patterns. Propofol-induced unconsciousness for
example is associated with slow-delta and alpha oscillations [47].EEG spectral patterns in ICU patients have a
standardized nomenclature with high inter-rater agreement and can be a useful tool for EEG screening [48].Age and
co-morbidities decrease the EEG amplitude, and weaker power in the alpha band increases the propensity for burst
suppression which is a phenotype of a vulnerable, frail brain [46]. The possibility to adjust the power scale of the
spectrogram increases utility as it can increase the visibility of such “weak” bandwidths. (Table 1 Q2.4)

BS has been associated with a higher risk of delirium and mortality in critically ill patients [48,49]. It is important to
distinguish unintended BS resulting from overdosing of sedative drugs, from therapeutic induced BS which might be
potentially useful in situations of low cerebral blood �ow and altered metabolism such as refractory intracranial
hypertension and the treatment of refractory status epilepticus. Despite a lack of clear evidence to support this
practice and large variability in the degree of EEG suppression achieved, BS remains incorporated in many
pragmatic refractory status epilepticus treatmeant algorithms [50-54]. (Table 1 Q2.5)
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Assessment of sedation 
Besides the differences in pharmacodynamics and pharmacogenetics in relation to anaesthetic and sedative drugs,
other factors may in�uence the EEG signal: cerebral blood �ow, hypothermia, age, brain damage and others. When
interpreting the pEEG, all possible causes of patient variability must be taken into consideration including different
EEG spectra during burst and suppression periods [32,65]. (Table 1 Q3.1)

Although pEEG has the advantage of being easily interpreted by doctors and nurses who are not experts in
neurophysiology, it is very vulnerable to artefacts caused electromyographic signals from shivering or facial
movements or from interference from electrical signals from nearby machines (body thermoregulating systems,
haemo�ltration and ECMO machines) [56]. Efforts to improve artefact detection and removal and signal-to-noise
ratios are underway [57-61]. Until these systems have been validated, subjective sedation scoring systems should be
considered more reproducible than pEEG for patients who are lightly sedated and for whom neurological evaluation
is possible, particularly when the risks of artefact exposure are high [62,63]. (Table 1 Q3.2)

Processed EEG devices generally appear best suited for sedative titration during deep sedation or in patients who
have received neuromuscular blockade, although observational data suggest potential bene�t with lighter sedation
as well [64]. In non-paralyzed patients, electromyographic signals may impair the utility of the displayed index value
[65]. (Table 1 Q3.3)

Processed EEG devices cannot, and should not replace the clinical validated scales but rather be supplemental to
them, since these later are globally more informative of the clinical sedation status of ICU patients. (Table 1 Q3.4)

EEG-based monitoring devices are well suited to facilitate sedative titration during deep sedation and especially
when neuromuscular blocking agents have been administered (eg. in patients with ARDS, those requiring prone
positioning, venous-arterial and venous-venous ECMO). [27]. (Table 1 Q3.5)

Competences, Training and Support
The use and recourse to technologies, upon which clinicians increasingly rely on, requires adequate and appropriate
training [66,67]. (Table 1 Q4.1) 

Initially, clinicians require knowledge and experience in order to apprehend the principle of pEEG monitoring and to
interpret the basic EEG waveforms, spectrogram and processed indices during sedation in the healthy brain and with
minimal interference, for which a 30-min training session is considered su�cient [68]. This is followed by a further
period of training and experience to understand the in�uence of other pathologies/conditions/artifacts on the pEEG
index [68]. Finally, clinicians should be tautght to be aware of the limits and advantages of each pEEG monitor used.
Frequent use of pEEG in within the ICU, combined with multidisciplinary teaching, is warranted to improve the
performance of clinicians when using pEEG monitoring to manage patients and estimate their prognosis. (Table 1
Q4.2)

In recent years, experience has been gained in anaesthesia and intensive care medicine regarding the teaching of
ultrasound-based techniques in relatively short periods of time (days to weeks). The use o�nteractive teaching
approaches and simulation seem to be very effective [70-74]. 
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Bombardieri and colleagues reported the application of simulation for training in pEEG and found a signi�cant
improvement in clinicians without prior EEG training in identifying EEG waveforms corresponding to different
hypnotic depths and also in recognizing when the hypnotic depth suggested by the EEG was discordant with the
pEEG index [75] (Table 1 Q4.3).

The participation of neurospecialists in the faculty of pEEG teaching and training courses provides effectiveness
and quality in two respects: �rstly, because of their gained knowledge of the EEG signal itself in all its aspects (basic
and theoretical, physiological and pathophysiological,  neurological and pharmacological) and secondly, their more
advanced experience regarding EEG training [71-74,76].

Literature is divided in regards to the balance between support and continuing education, and regular recerti�cation
[70]. It is also not clear which authority should be responsible for certi�cation: academic, regional or even national
level, professional or scienti�c society [72]. 

The quality of the practice of using any technology to improve patient care and outcomes must be guaranteed.
Telemedicine–based solutions have been used with growing effectiveness in high as well as low- and middle-
income countries. How this is implemented will depend on local circumstances [70,71].

A graphical representation (trend vs. spectrogram) represents a third reading level of the EEG that should be
implemented and simultaneously visible with the raw trace and other derived parameters such as pEEG index, SR
and MEF/SEF. Graphical representations convey information about the effect of general anaesthesia or sedation,
the spectral signature of the drug, and patterns associated with age of the patient [71-74]. Trends or spectrograms
can reveal the occurrence of excessive EEG suppression, or an increase in activity level consistent with a non-
convulsive seizure episode, both of which as amenable to rapid therapeutic intervention, and speci�c patterns may
help the clinician to assess the patient’s underlying condition and formulate a prognosis (i.e. delta/theta septic
encephalopathy, renal or hepatic failure, BS due to severe brain damage) [76-79]. (Table 1 Q 4.4-9)

Agenda for future research 
Depth of sedation monitoring of critically ill patients remains a challenging topic due to the contradicting results in
the literature [80]. The main barriers to the routine use of these monitors in ICU are represented by: 1) the lack of
knowledge, especially outside the neurological ICU, 2) the lack of validation of the use of the monitors for prolonged
sedation, 3) the lack of a standardization between monitors based on different EEG analysis algorithms, 4) the
�nancial constraints limiting availability of the monitors and �nally, and 5) the unknown effect of excessive
sedation on the long-term outcome of these patients although it has been demonstrated that a prolonged duration
with (bilateral) BIS 0 values serves as a better outcome predictor after OHCA as compared to a single observation
[81]. In fact, their use may become necessary in order to understand if delirium or cognitive impairments after ICU
are related to oversedation or other EEG abnormalities.

Processed EEG could be a useful tool to predict outcome as BIS values are correlated with the prognosis of patients
with coma in ICU, and can be a useful marker for estimating the prognosis of comatose patients [82] including when
they are witdrawm from sedation [83]. 

This consensus suggests that the time has come to implement DOS monitoring with pEEG monitors in sedated
critically-ill patients especially in those deeply sedated and/or receiving neuromuscular blocking agents. Artifacts
from electrical interference from other machines, from patient movement or concomitant neurological diseases can
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reduce the utility of this monitoring. We therefore suggest that pEEG index values should always be interpreted in
the context of the other available quantitative EEG parameters (such SEF and SR), and to assess the raw EEG trace,
the density spectral array and the clinical status of the patient. 

Limitations
A potential limitation of the current consensus is represented by the participants’ con�ict of interests, involved with
some of the DOS monitors manufacturers, which may have biased their votes to the statements. This is debatable
since experts in a speci�c �eld are frequently asked for their advice regarding new technologies. 

Another limitation is related to the lack of observational studies when DOS monitoring was applied in the ICU. DOS
monitoring was �rst implemented by anesthesiologists for intra-operative monitoring to avoid awareness. With time,
the technology gradually made its way into critical care to be used for patients who require prolonged and deep
sedation, with or without muscle relaxants. Since the controversies on this topic constituted the trigger for the
current project, we made sure to include all different opinions which arised within the group. The lack of consensus
on certain statements, particularly in sections 3 and 4, con�rmed the broad spectrum of opinions addressed during
the Delphi process, thereby highlighting its value.

Conclusions
General intensivist should acquire the knowledge and competencies to titrate sedative drugs to avoid over and
undersedation. Compentences, training and support to interpret this type of monitoring represent three inseparable
pillars of a technology likely to become indispensable in the medical practice. However, the quality their use is
directly determined by knowledge of the physiology and/or pathophysiology of the signals on which they are based.
This knowledge is not currently an integral part of the general knowledge of intensivists, creating a barrier regarding
the use of this innovative technology which can only be overcome by training and education. Regular training in
pEEG assessment and the availability of support should be available. What remains to be determined is who will be
responsible for implementation (universities and training masters, professional and learned societies, etc.). Finally,
the methodical and continuous analysis of the e�ciency and pedagogical effectiveness of such teaching and
support represents an issue that has yet to be implemented and which certainly predicates the future of these
practices.

Abbreviations
1. Depth of sedation monitoring (DOS)

2. Intensive care unit (ICU)

3. Processed electroencephalography (pEEG)

4. Richmond Agitation Sedation Score (RASS)

5. Bi-spectral index (BIS) 

�. Patient state index (PSI) 

7. State entropy (SE) 

�. Quantium consciousness index (qCON)

9. Electromyography (EMG)

10. Population/Intervention/Comparison/Outcome (PICO)
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11. Grading of Recommendations Assessment, Development and Evaluation (GRADE)

12. Disagreement index (DI)

13. Level of recommendation (LoR)

14. Extracorporeal membrane oxygenation (ECMO)

15. Area under the receiver operating characteristic curve (AUC)

 

De�nitions of most frequently used terminology are listed in Additional �le 4.
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Tables
Table 1. List of Domains and Statement/Recommendation, and their corresponding Level of Consensus, Level of
Evidence and Strength of Recommendation, resulting from the Delphi process.
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Domain Statement/Recommendation Level of Consensus Level of
Evidence

Strength of
Recommendation

1. Patient
selection

       

Q.1.1 Should all
patients receiving
sedation in ICU be
monitored with
depth of sedation
monitors?

We recommend that all
patients receiving sedation
in ICU should be monitored
with depth of sedation
monitors, if clinical
evaluation is not possible

Highly
appropriate/strong

2b (19) B

  We recommend that any
patient for whom deep
sedation (RASS -3 or less) is
required will bene�t from
depth of sedation monitoring

Highly
appropriate/strong

2b (23,24) B

Q.1.2 Should
patients receiving
sedation in ICU be
monitored with
depth of sedation
monitors only
when they are
mechanically
ventilated?

Patients receiving sedation
in ICU should be monitored
with depth of sedation
monitors only if
neuromuscular blockade is
used for mechanical
ventilation. Statement not
recommended

Inappropriate/Strong 2b
(21,22,24,25)

B

Q 1.3 When
should depth of
sedation
monitoring be
started in ICU
patients?

We recommend that depth of
sedation monitoring should
be used continuously
starting as soon as possible
after ICU admission
whenever indicated.

Highly
appropriate/strong

2a (29) B

Q 1.4 Should
depth of sedation
be monitored in
patients receiving
short-term deep
sedation for
procedures
performed in ICU?

We recommend that patients
receiving short-term deep
sedation for procedures
performed in ICU require
depth of sedation
monitoring.

Appropriate/strong 2b (29-31) B

Q 1.5 Should
patients on Veno-
venous
Extracorporeal
Membrane
Oxygenation
(ECMO) or
ExtraCorporeal
Life Support
(ECLS) / Veno-
Arterial ECMO
require depth of
sedation
monitoring?

We recommend that depth of
sedation monitoring should
be used for patients
receiving ECMO.

Highly
appropriate/strong

2b (32) B

2. Technological
aspects

       

Q 2.1 Is processed
quantitative EEG

We recommend that
processed quantitative EEG

Highly
appropriate/strong

N/A C
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adequate to
monitor the level
of sedation?

is adequate to monitor the
level of sedation

Q 2.2 Is Spectral
Edge Frequency
an adequate
parameter to
monitor the level
of sedation in ICU
patients?

We suggest that Spectral
Edge Frequency (SEF) is an
adequate method to monitor
the level of sedation.

Appropriate/strong 2a (41,43) B

Q 2.3 Are
dimensionless
numerical scales
of alertness
adequate to
monitor the level
of sedation?

We suggest that If using
dimensionless numerical
scales of alertness, the
manufacturer target intervals
for light or deep sedation
should be used as clinically
indicated.

Appropriate/strong N/A C

Q 2.4 Is it
meaningful to
have a
continuous
coloured density
spectrogram of
the EEG?

We recommend that it is
useful to have a continuous
coloured density
spectrogram of the EEG and
to be able to change the
parameters of the
spectrogram such as the
power scale.

Highly
appropriate/strong

N/A C

Q 2.5 Should
Burst Suppression
(BS) be avoided in
all
circumstances?

• We recommend that Burst
Suppression should be
avoided in all circumstances
unless to control high
intracranial pressure.

•  We recommend that if
Burst Suppression is used
the Suppression Ratio
should be kept < 5%.

Highly
appropriate/strong

2b (29,56) B

3. Assessment of
sedation

       

Q 3.1 Are pEEG
values different
between patients
at the same
subjective level of
sedation?

We recommend that pEEG
values can vary between
patients at the same
subjective level of sedation.

Highly
appropriate/strong

2b (64) B

Q 3.2 Are
subjective
sedation scoring
systems more
reproducible than
pEEG during light
sedation, where
electrical
interference due
to muscle activity
may arti�cially
elevate pEEG
values?

We suggest that subjective
sedation scoring systems
are more reproducible than
pEEG during light sedation,
where electrical interference
due to muscle activity may
arti�cially elevate pEEG
values.

Appropriate/weak N/A C

Q 3.3 Should
measures of brain

We do not recommend the
use of instrumental

Unclear
appropriateness/weak

2b (71) B
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function pEEG
(BIS, EEG, PSI, SE)
be used as the
primary method
to monitor depth
of sedation in
non-comatose,
nonparalyzed
critically ill adult
patients?

monitoring to assess depth
of sedation in non-
comatose/non-paralyzed
patients.

Q 3.4 Are
measures of brain
function (pEEG)
adequate
substitutes for
subjective
sedation scoring
systems?

We cannot recommend that
measures of brain function
(e.g., BIS, PSI, SE) are
adequate substitutes for
clinical scales (e.g., RASS
and SAS)  

Unclear
appropriateness/no
consensus

N/A C

Q 3.5 Should
measures of brain
function (pEEG)
be used as the
main form of
sedation
assessments in
adult ICU patients
who are receiving
NMBA, as
subjective
sedation
assessments are
unobtainable in
these patients?

We recommend that when
clinical scales (e.g. RASS
and SAS) cannot be used
such in adult ICU patients
who are receiving NMBA, the
use of brain function
electronic tools and
processed values should be
mandatory.

Highly
appropriate/strong

2b (32) B

4. Competences,
training and
support

       

Q 4.1 Is the pEEG
important enough
to need an o�cial
structured
teaching and
training?

We recommend a de�ned,
structured teaching and
training programme for
pEEG monitoring.

Highly
appropriate/strong

N/A C

Q4.2 Is it
necessary and
preferable to
dispatch a more
holistic training
with teaching of
the theoretical, the
neurological
and/or
pharmacological
and the practical
aspects of the
pEEG?

While we suggest that
training in pEEG monitoring
could be delivered entirely in
the clinical setting, we
recommend that such
training be framed by a
holistic programme
including theoretical and
practical aspects, whether
neurological or
pharmacological.

a- Exclusive experience-
based education. 

b- Holistic training of the
pEEG. 

1. Appropriate/strong
2. Highly

appropriate/strong

N/A C

Q4.3 Might the We recommend using the Highly N/A C
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pEEG monitoring
training be
considered
similarly to the
previous
approach
regarding
different special
techniques of
monitoring or
diagnosis as the
transthoracic
and/or trans-
oesophageal
echocardiography,
others?

approaches applied to the
training of other techniques
introduced into anaesthesia
and resuscitation practice
(particularly ultrasound-
based echocardiography), to
try to develop a learning and
training programme
speci�cally dedicated to
pEEG.

appropriate/strong

 Q4.5 Would the
faculty include
neuro-specialist
(neurologist,
epilepsy
specialist…)
regarding not only
basic but also
advanced
theoretical
aspects of the
EEG and for that,
will new learning
resources need to
be developed
speci�cally to
support training
for the pEEG
monitoring in the
ICU?

We recommend the
participation, at least in an
advisory capacity, of
neurospecialists, to ensure
the quality and relevance of
the teaching. Furthermore,
we recommend the
development of new speci�c
learning resources that
embrace modern and
interactive teaching
methods.

Highly
appropriate/strong

N/A C

Q 4.6 Has support
to be available
round the clock
for the intensivist
certi�ed in pEEG
monitoring?

In the current context of the
development of interactivity
and interdisciplinarity in
medical practice, we
recommend the
implementation of round the
clock systems of support for
the intensivist certi�ed in
pEEG monitoring. However,
we recognize the generic and
centre-speci�c challenges
imposed by such a
recommendation. 

Highly
appropriate/strong

N/A C

Q 4.7 Would
support be
required regarding
technical issues
or complex
clinical issues or
both?

In a support system for the
intensivist certi�ed in pEEG
monitoring we
recommend to include
support for complex clinical
issues and suggest support
for technical issues also.

a- Complex clinical issues.

b- Technical issues

1. Highly
appropriate/strong

2. Appropriate/strong

N/A C

Q 4.8 Should the
intensivist

We recommend, as is the
case for any medical

Highly
appropriate/strong

N/A C
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certi�ed in pEEG
monitoring
demonstrate
regular continuing
professional
development
activities relevant
to pEEG
monitoring?

technology that is subject to
change not only in its uses
but also in the information it
provides, continuous
professional development
activities relevant to pEEG
monitoring.

Q 4.9 Does the
intensivist
certi�ed in pEEG
monitoring require
regular
recerti�cation in
pEEG monitoring
and regarding its
theme, should it
be based on
review of cases
that demonstrate
required
competencies or
on a written
examination or
both?

We recommend regular
recerti�cation of the
intensivist certi�ed in pEEG
monitoring is required and
that this is primarily based
on review of cases that
demonstrate required
competencies. We
suggest that the review of
cases might be
supplemented by a written
examination.

a- Regular certi�cation

b- Review of cases
demonstrating required
competencies

c- Written examination

d- Both, review of cases &
written examination.

1. Highly
appropriate/strong

2. Highly
appropriate/strong

3. No consensus
4. Highly

appropriate/weak

N/A C
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See image above for �gure legend
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