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BACKGROUND The brain is the primary target of general
anaesthesia, yet routine brain monitoring remains underuti-
lised. Although electroencephalography (EEG) is increasing-
ly recognised as an important tool for assessing brain states
during anaesthesia, inconsistent training and over-reliance
PRO
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aiming to support the development of a structured, tiered
curriculum for both basic and advanced EEG training.

DESIGN Modified four-round Delphi study.

SETTING Multinational, online Delphi panel involving 33
anaesthesiology experts across various academic and clini-
cal institutions. The study was conducted between 29 May
2023 and 28 November 2024.

PARTICIPANTS Thirty-three international anaesthesiology
experts with recognised experience in EEG use, teaching
and/or research. Experts were purposively sampled to en-
sure diversity in geography, clinical background, subspecial-
ty focus and broad spectrum of perspectives.

INTERVENTION(S) Not applicable.

MAIN OUTCOME MEASURES Consensus on learning out-
comes, defined as at least 80% agreement (score of 9 or 10)
on a 10-point Likert scale for Rounds 1 to 3, or at least 80%
agreement for binary yes/no responses in Round 4.
Eur J Anaesthesiol 2026; 43:1–12
RESULTS Consensus was achieved for 58 out of 191
learning outcomes across both basic and advanced EEG
training levels. Accepted itemswere grouped into dimensions,
including EEG Fundamentals, Raw EEG, Anaesthetic Effects,
Processed EEG, Artefacts, Nociception, Patient Variability,
Integration with Anaesthetic Management, Clinical Immersion
and Continuous Professional Learning. Foundational dimen-
sionshadhigher agreement than advancedor emerging areas,
such as neurofeedback or pharmacogenomics.

CONCLUSIONS This Delphi consensus defines a compre-
hensive framework of EEG learning outcomes for anaesthe-
siology education. The framework supports the development
of structured curricula and reflects a growing need for EEG
competence in anaesthesia practice to improve patient
monitoring and safety. Further research is needed to validate
the outcomes in educational and clinical settings.

TRIAL REGISTRATION Not applicable.
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KEY POINTS

� Routine EEG monitoring remains underused in

anaesthesia despite its potential to improve brain

monitoring and patient safety.

� Amultinational Delphi process involving 33 experts

achieved consensus on 58 EEG learning outcomes

for basic and advanced anaesthesia training.

� Core educational dimensions include EEG Funda-

mentals, Raw EEG Interpretation, Anaesthetic

Effects, Processed EEG, Artefacts and Integration

into Anaesthetic Management.

� Consensus was higher for foundational concepts

than for advanced or emerging topics such as neu-

rofeedback and pharmacogenomics.

� This framework provides a structured foundation

for EEG education, supporting the development of

standardised curricula in anaesthesiology.
Introduction
The brain is the principal target organ of general anaes-

thesia, as the primary goal of such anaesthesia is to induce

and maintain unconsciousness. Nonetheless, the brain

remains the most challenging organ to monitor intra-

operatively. Partly, this is because the presence and,

therefore, loss of consciousness are complex concepts

philosophically and scientifically difficult to quantify.1

In contrast, other physiological systems allow for easier

monitoring through well established and quantifiable

metrics such as heart rate, blood pressure, oxygen satura-

tion and core temperature.
OFDespite the conceptual challenges surrounding the defi-

nition and measurement of ‘depth of anaesthesia’,2,3

significant progress has been made in understanding

the neurophysiological underpinnings of anaesthetic-in-

duced unconsciousness. Over the past few decades,

electroencephalography (EEG) has emerged as a valu-

able tool for real-time assessment of the brain’s electrical

activity.4–7 Specific EEG signatures such as the frontal

alpha-delta pattern and burst suppression have been

identified as general indicators of anaesthetic-induced

loss of consciousness.8 Burst suppression is now also

widely recognised as an electroencephalographic marker

of excessive anaesthetic depth.9–11

Until the mid-1990 s, the practical use of EEG in the

operating room was limited by the complexity of wave-

form interpretation and the technical demands of re-

cording. The introduction of commercially available

processed EEG (pEEG) monitors, including the bispec-

tral index (BIS, Covidien, Ireland) and patient state index

(PSI) (Masimo, Irvine, California, USA), addressed many

of these barriers.12 These devices convert complex EEG

signals into simplified numerical indices, making brain

monitoring more accessible to clinicians lacking special-

ised training in EEG interpretation. However, these

simplified indices come with significant limitations.

pEEG monitors rely on proprietary algorithms and are

vulnerable to interference frommuscle activity, electrical

noise and artefacts. The indices can also be influenced by

certain anaesthetic agents – such as ketamine and nitrous

oxide – that do not suppress EEG activity in ‘typical’

ways.13–16 Moreover, they may fail to detect burst sup-

pression, particularly in older adults or during low-voltage

EEG states.17 These shortcomings have led to ongoing
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Table 1 Dimensions for the basic and advanced level learning
outcomes

Basic EEG Advanced

Fundamentals Advanced EEG concepts
Raw EEG In-depth analysis of EEG patterns
Anaesthetic effects on EEG Pharmacogenomics of anaesthetic

agents
Processed EEG Quantitative EEG analysis
Artefacts Neurofeedback in anaesthesia
Nociception Neurophysiological correlates of

nociception
Patient variability Multimodal integration
Integration with anaesthetic
management

Research and innovation

Clinical immersion Mentorship and teaching
Continuous professional learning Lifelong learning and education
PR

debate about the clinical utility of pEEG in guiding

anaesthetic depth, preventing awareness and improving

outcomes.8–11,18

Recently, the clinical focus of pEEG monitoring has

shifted from preventing intra-operative awareness to

avoiding excessive anaesthetic dosing, particularly in vul-

nerable populations. Excessive depth of anaesthesia may

be linked to postoperative neurocognitive complications,

including delirium and long-term cognitive decline.19–24

This evolving evidence has prompted changes in clinical

guidelines and expert recommendations. Professional so-

cieties now advocate for EEGmonitoring as a routine part

of general anaesthesia.25,26 Rather than relying solely on

pEEG indices, clinicians are encouraged to develop basic

competency in interpreting raw EEG signals and to use

visual tools such as the density spectral array (DSA) to

enhance decision-making.27

Currently, education on EEG monitoring remains highly

variable, with disparities in training quality across work-

shops, hospital programmes and conference-based

courses. Notwithstanding high-quality publications25,26

and online resources28,29 offering structured learning

opportunities, there is a critical need for a standardised

educational framework to ensure consistency in training.

To address these gaps, we convened an international

multidisciplinary group of experts to collaboratively de-

fine core outcomes and educational priorities essential for

integrating EEG into routine anaesthesia practice using a

validated Delphi procedure.

Materials and methods
Ethics
The Cantonal Ethics Committee of Bern (KEK Bern)

waived the need for ethics approval (BASEC-number:

Req-2025-00243 on 17 February 2025. All participants

gave their consent to participate. A cover letter explaining

the purpose of each round accompanied all question-

naires. We followed the Guidance on Conducting and

Reporting Delphi Studies (CREDES).30 This study fol-

lowed the World Medical Association Declaration of

Helsinki Ethical principles for medical research involving

human subjects31 and complied with the Swiss Human

Research Act.

Study design and setting
We employed a modified four-round Delphi technique
32,33 to define learning outcomes for EEG training at both

basic and advanced levels. This method was chosen

because it allows remote collaboration among diverse

stakeholders, ensuring that input from various target

group representatives is systematically gathered, synthe-

sised and refined.34,35 The Delphi technique is beneficial

for consolidating expert opinions into a concise and

precise set of statements.32 The Delphi methodology

operates on the principle that ‘pooled intelligence’ cap-

tures the collective insights of stakeholders.36
OF

In brief, participants respond to questionnaires over

multiple rounds. After each round, an external facilitator

summarises the responses and provides feedback.32,33

This iterative process allows participants to reconsider

and adjust their previous answers based on the group’s

evolving consensus, ultimately leading to a well defined

agreement on key learning outcomes.37 It is a well

established approach for achieving expert consensus

and is widely used for curriculum development in medi-

cal education.38–40

Questionnaire development and thematic structure
The Delphi process was preceded by a comprehensive

search and synthesis of existing EEG learning mater-

ials, including scientific publications,8,41–45 commercial

course syllabi, expert consensus statements25,26 and on-

line modules.27,28 This material was reviewed and con-

solidated into a preliminary list of statements. To

accommodate varying levels of training, we categorised

the learning outcomes into two levels of complexity:

Basic and Advanced. The Basic level focused on essential

knowledge and interpretive skills required for the inte-

gration of EEG into routine anaesthesia practice. The

Advanced level targeted learners involved in teaching

EEG, research on EEG and advanced EEG-guided care

(e.g. seizure detection, spindle interpretation, mentor-

ship and innovation). Learning outcomes were grouped

into distinct dimensions to support conceptual clarity and

facilitate structured expert evaluation (Table 1). Each

dimension captures a distinct thematic aspect of the

broader construct being examined. The initial dimen-

sions were also informed by relevant literature and expert

input, and they were iteratively refined throughout the

process based on participant feedback. This dimensional

structure ensured that complex learning outcomes could

be analysed comprehensively and consistently across

rounds.

Study participants
Participants for the Delphi consensus were selected on

the basis of their recognised expertise in EEG in
Eur J Anaesthesiol 2026; 43:1–12
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anaesthesia. Our goal was to engage 30 stakeholders; to

ensure adequate participation, 35 invitations were dis-

tributed. Thirty-three of these invitees participated in

the Delphi rounds. In addition, six independent experts

served as external reviewers of the final consensus but did

not participate in the Delphi survey. The distinction

between Delphi participants and external reviewers is

stated in the Supplemental Digital File 1, http://links.

lww.com/EJA/B234. Stakeholders were selected on the

basis of their substantial expertise in the application,

education or research of EEG and their demonstrated

impact and influence on clinical practice and leadership

in academic or policy discussions at both local and inter-

national levels. To ensure a broad spectrum of perspec-

tives, we prioritised geographic and ethnic diversity,

seeking representation across regions and healthcare

systems. This strategy was intended to capture a wide

range of theoretical frameworks, educational approaches

and clinical practices, thereby enriching the validity and

applicability of the consensus outcomes.

Conflict of interest and bias mitigation
All participants were required to disclose any potential

conflicts of interest before engaging in the Delphi pro-

cess. This included affiliations with EEG monitoring

device manufacturers, industry-sponsored research, con-

sultancy roles or involvement in guideline development.

Disclosures were reviewed independently by the study

facilitators (JBE and SS) and used to assess potential

biases in the interpretation and rating of statements.

Participants were reminded to evaluate items from a

balanced, evidence-informed perspective, irrespective

of conflicts of interest.

To minimise bias, anonymised responses were used in all

rounds, and no participant had access to individual-level

feedback. The inclusion of geographically and profes-

sionally diverse stakeholders also balanced viewpoints

and diluted potential dominance from individuals with

industry ties or regional guideline influence.

Data collection and management
We employed a modified eDelphi technique33 to facili-

tate stakeholder input. In the first round, all invited

stakeholders received an email with a questionnaire.

Follow-up reminders were sent every 10 days until the

round was completed. Stakeholders who completed

the first round were invited via email to participate in

the following online rounds.

For rounds 1, 2 and 3, responses were collected using a

10-point Likert scale (ranging from 1¼ strongly disagree

to 10¼ strongly agree). After each round, we analysed the

responses by calculating the median, interquartile range

[IQR], and percentage of agreement. Agreement was

determined by summing responses rated 9 or 10 and

estimating their proportion relative to the total responses

for each statement. For round 4, participants could only
Eur J Anaesthesiol 2026; 43:1–12
OF

answer ‘yes’ or ‘no’ to decide whether the remaining

items should be included in the final list.

Consensus definition
Although no universally accepted guidelines exist for

Delphi studies, most define consensus as a specific per-

centage of participants agreeing on a given statement. In

this study, we predefined consensus as at least 80%

agreement, meaning that at least 80% of participants

had to rate a statement as Strongly Agree (9 or 10) on

a 10-point Likert scale. This threshold was chosen as it

represents a highly rigorous level of agreement.46 State-

ments reaching consensus were included in the final list,

while those with less than 50% agreement were excluded

immediately.

After each round, the one facilitator (JBE), expert in

medical education, reviewed all comments, refined the

wording, merged similar responses and categorised them

to structure the following questionnaire round. SS inde-

pendently verified the results. Aggregated and anonised

data were given to participants, including the median

ratings and agreement levels from the previous round,

and any items that had not reached consensus were re-

rated. The revised questionnaire underwent further

piloting, with final adjustments based on stakeholder

feedback.

In round 4, participants were asked to respond with a

simple yes or no to determine whether each remaining

item should be included in the final list of outcomes.

Only items receiving at least 80% agreement (‘yes’

responses) were accepted into the final list; all others

were excluded. The prefinal list was then circulated to all

stakeholders for further comments or approval. Figure 1

provides a flowchart illustrating all rounds.

Each questionnaire round was developed iteratively

through continuous consultation and feedback to ensure

a high-quality survey instrument. Two authors (FL and

SS) pilot-tested the online version to assess the effec-

tiveness of the questionnaire’s clarity and response

options. After Round 4, a final list of items was estab-

lished.

In addition, an external review of the Delphi findings was

conducted to ensure an impartial evaluation and valida-

tion of the consensus-building process. This external

scrutiny aimed to enhance the credibility and robustness

of the study outcomes by incorporating independent

expert perspectives on the panel’s discussions and con-

clusions. The involvement of external reviewers, who

were not directly engaged in the Delphi rounds, provided

an additional layer of objectivity and critical appraisal.

This rigorous assessment strengthened the validity and

reliability of the final consensus. This final version was

then circulated to all members, who were asked to

support or provide feedback on the document. Minor

revisions were made based on the consensus at this stage.

http://links.lww.com/EJA/B234
http://links.lww.com/EJA/B234
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Fig. 1 Study flowchart.

Preparation
Facilitators presented and

discussed existing evidence

Refined statements and survey
design

Panelists contacted

eDelphi
Survey distributed to

panelists

Analysis of responses

Statement modification,
feedback to panelists

NoConsensus
acheived?

Yes

• >80% Agreement
• <50% Agreement

Added to final list

End of Delphi after 4th Round

External Review

Checking for redundancies
and duplicates

Production of consensus
statement

Note: In Round 4, only items with �80% ‘yes’ responses were accepted into the final consensus.
Ultimately, all recommendations were unanimously ap-

proved unless otherwise noted.

Data handling
A descriptive analysis was performed for each round of

questionnaire responses. Data from all rounds were se-

curely stored in Google Forms, with access restricted to

the facilitator (JBE) through password protection. This
ensured confidentiality and maintained data integrity

throughout the study.

Results
Data were collected between 29 May 2023 and 28 No-

vember 2024. Round 1 lasted 15 days, round 2 lasted

21 days, round 3 lasted 19 days and round 4 lasted 28 days.

There were no dropouts after enrolment. Figure 2 and

Table S1 (Supplemental Digital File 2, http://links.lww.
Eur J Anaesthesiol 2026; 43:1–12

http://links.lww.com/EJA/B235
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Fig. 2 Summary of agreement and consensus levels during the different rounds.
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com/EJA/B235) depict a summary of agreement and

consensus levels during the different rounds.

First Delphi round results
The response rate was 100% (n¼ 33 participants). The

median and percentage of agreement for each item are

shown in Table S2 (Supplemental Digital File 3, http://

links.lww.com/EJA/B236). The overall agreement for

Round 1 was 58.1%. Of the 29 statements concerning

Basic Level outcomes, eight (28%) were accepted as

consensual and four were excluded. Seventeen items

(59%) showed disagreement and were taken up in Round

2. Of the 30 statements concerning Advanced Level

outcomes, three (10%) were accepted as consensual

and 12 were rejected. Fifteen items (50%) showed dis-

agreement and were taken up in Round 2. The overall

agreement for each dimension is shown in Fig. 2.
Eur J Anaesthesiol 2026; 43:1–12
Second round results
The response rate was 100%. The median and percentage

of agreement for each item are shown in Table S3 (Sup-

plemental Digital File 4, http://links.lww.com/EJA/B237).

Theoverall agreement forRound 2was 56.4%.During this

round, 122 learning outcomes were added for analysis.

For the basic learning outcomes, we analysed 96 state-

ments, of which 25 (26%) were accepted as consensual

and 31 were excluded. Forty statements (42%) showed

disagreement and were taken up in Round 3. The overall

agreement for each dimension is shown in Fig. 2.

As for the advanced learning outcomes, 58 statements

were analysed in Round 2. Of those, two (3%) were

accepted as consensual. Twenty-eight statements were

rejected, and 28 (48%) showed disagreement and were

taken up in Round 3.

http://links.lww.com/EJA/B235
http://links.lww.com/EJA/B236
http://links.lww.com/EJA/B236
http://links.lww.com/EJA/B237
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Third round results
The response rate was 100%. Table S4 (Supplemental

Digital File 5, http://links.lww.com/EJA/B238) shows

each item’s median and percentage of agreement.

We analysed 51 statements regarding the basic learning

outcomes, of which eight (16%) were consensual. The

overall agreement for Round 3 was 59.1%. The agree-

ment for each dimension is shown in Fig. 2. We excluded

six statements. Thirty-seven statements (73%) showed

disagreement and were taken up in Round 4.

None of the 27 advanced-level statements analysed in

Round 3 were accepted as consensual. Twelve state-

ments were rejected, and 15 (56%) showed disagreement

and were taken up in Round 4.

Fourth round results
Stakeholders assessed the remaining 52 sentences for

inclusion in the final document. The response rate was

100%. Sentences with an 80% or more agreement were

selected for the final listing. This round reached an

acceptance consensus for 31 items (57%). Overall agree-

ment was 79.4%. Table S5 (Supplemental Digital File 6,

http://links.lww.com/EJA/B239) shows all items included

and excluded in this round.

External review
We followed NASA’s recommendation32,38 to have our

results externally reviewed upon completion of data

handling. Five anaesthesiology experts (AA, BP, SS,

MG, CR) and one trainee (IC) were selected as external

reviewers to comment on the validity and usefulness of

our methodology and results. The criteria for selection

included a track record of scholarly contributions, expe-

rience in clinical practice and expertise in research meth-

odology relevant to the study. These external reviewers

evaluated the methodology, data handling and validity of

the study findings according to a checklist (Supplemental

Digital File 7, http://links.lww.com/EJA/B240) and

assessed their practical usefulness. After merging redun-

dant outcomes and removing duplicates (Table S6, Sup-

plemental Digital File 8, http://links.lww.com/EJA/

B241), 58 statements out of 191 assessed learning out-

comes remained. This framework defines the core out-

comes and educational priorities for the Learning and

Teaching of EEG for Anaesthesiologists (Tables 2 and 3,

Figs. 3 and 4).

Discussion
This study represents the first consensus process explic-

itly defining structured EEG learning outcomes for an-

aesthesia education at both basic and advanced levels.

The exceptionally high engagement rate underscores the

strong interest and commitment of experts in the field to

advancing EEG integration in anaesthesia practice while

also reflecting widespread recognition of the existing

gap in clinical implementation and education. Through
OF

rigorous methodology, consensus was achieved on 58

learning outcomes, forming a comprehensive framework

for EEG education. In terms of clinical relevance, this

framework addresses a longstanding educational defi-

ciency in anaesthesiology training, aligning competencies

with evolving practice standards and patient safety prior-

ities. Traditional teaching has focused primarily on the

prevention of intra-operative awareness.47 However, cur-

rent knowledge has identified a need for avoiding exces-

sive anaesthetic depth through monitoring, given its

growing association with postoperative neurocognitive

complications, including delirium and long-term cogni-

tive decline.25,26 The defined outcomes reflect this para-

digm shift, offering a structured foundation for training

that supports well tolerated, evidence-based and individ-

ualised anaesthesia care. Notably, the framework aligns

with evolving clinical guidelines and advocates for

broader EEG use, particularly in vulnerable patient

populations such as older adults or those at a high risk

for PND.25,26

The variation in agreement across thematic dimensions

probably reflects differing levels of clinical relevance and

evidence supporting each topic. The strong consensus on

‘Anaesthetic Effects on EEG’ suggests this area is well

established, widely taught and considered essential for

clinical practice. In contrast, the lower agreement on

‘Nociception’ and ‘Neurofeedback’ suggests that the

application of EEG for these topics/dimensions is con-

sidered more experimental and less standardised in

anaesthetic practice.

The high number of rejected items – particularly within

advanced and theoretical dimensions – suggests that

while these concepts may be intellectually valuable or

hold future potential, they are not yet perceived as

essential or feasible for inclusion in core clinical educa-

tional frameworks. This reflects a pragmatic approach,

prioritising actionable, teachable and directly relevant

outcomes to current clinical practice over more specula-

tive or research-oriented content. These rejections pro-

vide valuable insights for curriculum developers. They

emphasise the need to focus on clinically impactful and

evidence-based content. These findings support a tiered

approach to EEG education, focusing on universally

accepted fundamentals for all anaesthesia trainees while

gradually incorporating more advanced or debated topics

as the evidence base and andragogical strategies continue

to evolve.

This study has several strengths. It comprehensively

covered EEG-related topics, from basic principles to

advanced clinical applications. The strong consensus in

dimensions such as EEG Fundamentals and Raw EEG

underscores the recognition of foundational knowledge

as crucial for well tolerated and effective anaesthetic

management. In addition, the high agreement in pEEG

and Integration with Anaesthetic Management highlights
Eur J Anaesthesiol 2026; 43:1–12
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Table 2 Basic level learning outcomes achieving consensus in round 4, organised by dimension

EEG Fundamentals
FD1 To describe the basic principles of electroencephalography (EEG)
FD2 To describe the neurophysiological basis of EEG signals
FD3 To explain why EEG monitoring is applied in the context of anaesthesia
FD4 To demonstrate proficiency in the correct application of EEG electrodes
FD5 To identify and troubleshoot common technical issues related to EEG monitoring
FD8 To name the clinical indications for EEG monitoring and their importance
FD12 To identify and recognise basic EEG patterns relevant to anaesthesiology
FD13 To describe the relationship between EEG signal signatures and clinical effects
FD14 To outline key aspects of EEG hardware, including electrodes, impedance and filters
FD19 To explain the importance of recognising basic EEG patterns for anaesthesiologists

Raw EEG
RW4 To identify and explain the fundamental raw EEG patterns.
RW5 To demonstrate the transition of EEG patterns from wakefulness to deep anaesthesia, highlighting changes in amplitude and peak frequency.
RW7 To recognise, discuss and interpret raw EEG patterns associated with different phases or stages of anaesthesia (induction, maintenance, and emergence),

including the baseline raw EEG before anaesthesia.
RW11 To recognise and differentiate spike and burst suppression patterns in EEG recordings.
RW12 To identify changes in raw EEG patterns associated with various types of anaesthetic agents.
RW13 To analyse and evaluate the feasibility of assessing different stages or phases of anaesthesia using raw EEG, emphasising the effectiveness of raw EEG in

awake, alpha-delta anaesthesia and burst suppression.
Anaesthetic effects on the EEG
EF1 To identify how different classes of anaesthetic agents contribute to distinct EEG signatures.
EF7 To differentiate between single-agent EEG signatures and how multimodal anaesthesia, including drug combinations, can affect EEG patterns.

(Semi-)Processed EEG (pEEG)
PR2 To interpret and use the pEEG to guide anaesthesia management
PR3 To describe the basic principles of spectral analysis and the interpretation of the Density Spectral Array (DSA)
PR4 To describe the conceptual aspects of pEEG, focusing on reading and interpreting spectral analysis rather than detailed index creation (e.g. BIS).
PR5 To recognise the strengths and limitations of using pEEG compared to raw EEG
PR6 To discuss the relevance of parameters such as Spectral Edge Frequency (SEF), EMG (Electromyogram), Burst Suppression Ratio (BSR) and Signal Quality

Index (SQI)
PR14 To critique the use of EEG indices and discuss their potential unreliability and risk of misinterpretation.

Artefacts
AR1 To identify common artefacts in EEG recordings (EMG, electrode movement, electrical noise, eye movements).
AR2 To apply techniques to differentiate artefacts from genuine EEG signals
AR3 To demonstrate proficiency in recognising and mitigating artefacts during EEG monitoring.
AR5 To distinguish between technical and physiological artefacts

Nociception
NC11 To recognise and describe nociception-related EEG patterns and understand their significance in clinical practice
NC12 To interpret EEG changes, such as alpha drop-out, in conjunction with other clinical signs and events, emphasizing the importance of a comprehensive

clinical assessment.
Patient variability
PV1 To appreciate variations in EEG features in specific patient populations (older adults, paediatric).
PV2 To describe how age-related and developmental differences impact EEG monitoring
PV3 To adjust anaesthesia management based on patient-specific EEG variations
PV6 To recognise the importance of individual variability beyond age-related differences in anaesthesia management and EEG interpretation.
PV8 To develop a fundamental understanding of concepts such as ‘frequency-band-power’ and frontal alpha-waves in EEG monitoring.
PV10 To explore the outcomes associated with burst suppression patterns
PV11 To learn how to identify high-risk patients for postoperative neurocognitive dysfunction (PND) through pre-operative or intra-operative EEG assessment

Integration with anaesthetic management
AM1 To discuss how EEG monitoring integrates with overall anaesthetic management
AM2 To discuss the role of EEG data in preventing over-sedation or inadequate anaesthesia
AM3 To demonstrate effective communication of EEG findings to the anaesthesia team to inform decision-making.

Clinical immersion
CI1 To engage in clinical immersion experiences, including video-based scenarios, to observe and interpret real-world EEG patterns during anaesthesia.
CI2 To emphasise the importance of using video and pictures from real clinical scenarios to enhance learning
CI5 To use quizzes for recognition of artefacts and medications to reinforce learning

Continuous professional learning
PL1 To cultivate a commitment to continuous learning and stay updated on advancements in EEG monitoring technology and practices
PL3 To foster an interest in EEG monitoring
PL4 To establish continuous update sessions or mechanisms for ongoing education and skill development
the growing importance of advanced monitoring techni-

ques and their integration into clinical decision-making.

These findings support the development of a structured

EEG curriculum tailored to anaesthesia, bridging the gap

between theoretical knowledge and practical application.
Eur J Anaesthesiol 2026; 43:1–12
However, despite the high level of agreement in many

areas, specific dimensions showed substantial disagree-

ment, necessitating multiple rounds for consensus.

Specifically, advanced topics such as ‘Neurofeedback

in Anaesthesia’ and ‘Pharmacogenomics of Anaesthetic
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Table 3 Advanced level learning outcomes achieving consensus in round 4, organised by dimension

Advanced EEG concepts
AC7 To identify epileptiform activity in the EEG

In-depth analysis of EEG patterns
AN1 To define the characteristics of spindles in EEG patterns, including frequency range, amplitude and typical locations on EEG channels.
AN4 To develop proficiency in visually identifying spindle patterns on EEG recordings.
AN12 To clarify terminological differences between spindle activity and alpha power

Quantitative EEG (qEEG) analysis
QT1 To discuss the limitations and potential biases associated with quantitative EEG metrics

Research and innovation
RI1 To engage with current research literature on advanced EEG applications in anaesthesia
RI8 To support international collaborations in EEG research, encouraging a global exchange of knowledge and data

Mentorship and teaching
MT1 To mentor colleagues and contribute to their understanding of advanced EEG concepts
MT2 To develop and deliver educational content on advanced EEG monitoring for anaesthesia
MT4 To strive for high-quality mentorship and teaching in the use of EEG

Life-long learning
LL2 To foster interdisciplinary collaboration with neuroscientists, engineers and other healthcare professionals to advance the field of EEG monitoring in

anaesthesia
LL6 To launch projects aimed at spreading knowledge about EEG in anaesthesia, simplifying the learning of basics, and developing comprehensive knowledge,

teaching methodologies and management protocols

Fig. 3 Educational framework for basic EEG learning in anaesthesia.
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Fig. 4 Educational framework for advanced EEG learning in anaesthesia.
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PROAgents’’ exhibited lower agreement levels, indicating the

evolving nature of these fields and the need for further

research. The disagreement in these areas may reflect

variability in clinical experience, diverse perspectives on

the applicability of cutting-edge EEG technologies or a

lack of standardised guidelines.

The study also has limitations. Firstly, its reliance on

expert consensus, which is subjective and can be influ-

enced by group dynamics. It may not fully capture the

perspectives and experiences of the broader anaesthesia

community on educational needs. Secondly, the study’s

findings are based on consensus rather than empirical

validation. This limits the generalisability and practical

applicability of the results. Thirdly, a significant limita-

tion is the ongoing rapid evolution of EEG technology.

The consensus in this studymay become outdated as new

research and clinical practices emerge. This underscores

the need for continuous updates to the educational

framework to maintain its relevance and accuracy.

Furthermore, although we aimed to include geographi-

cally diverse participants, the participants may not fully

represent the global anaesthesiology community. Cultur-

al differences, resource availability and regional varia-

tions in clinical practice could influence perspectives on

EEGmonitoring. The study also faced challenges related
Eur J Anaesthesiol 2026; 43:1–12
to the complexity of advanced topics. For example,

dimensions associated with advanced EEG concepts

and neurophysiological correlates of nociception showed

substantial disagreement, reflecting the evolving nature

of these fields and the need for further research. In

addition, the study did not assess the feasibility of imple-

menting the proposed educational framework in clinical

settings, as it did not consider resource limitations, time

constraints, and the availability of trained educators.

Moreover, the historical reliance on pEEG indices and

existing scepticism about their utility may have biased

participants’ opinions, influencing the consensus on more

advanced or nuanced applications of EEG monitoring.

Finally, although the study successfully defined learning

outcomes, it did not validate whether achieving them

would improve clinical decision-making or patient out-

comes.

This Delphi study provides a comprehensive and struc-

tured framework for EEG education in anaesthesia,

balancing foundational knowledgewith advanced applica-

tions. The findings highlight the need for a tiered educa-

tional approach, reflecting varying levels of complexity and

clinical relevance. By achieving consensus on 58 EEG

learning outcomes, this study lays the groundwork for

developing standardised curricula and guidelines for
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EEG teaching and, ultimately, for enhancing patient

safety andclinical decision-making in anaesthesia practice.
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OFning Learning Outcomes Through a Delphi Approach

oring.
Results
- 58 consensus outcomes identified
•35 Basic level 
•23 Advanced level
Categorised into 10 dimensions

Conclusion
•Provides the first international consensus-based EEG 
curriculum
•Supports standardisation of education in anaesthesiology
•Aims to improve patient safety and advance perioperative 
brain health
PRO

VISUAL ABSTRACT

Consensus on EEG Education in Anaesthesiology: D

Background
• EEG is underutilised in anaesthesiology despite its importance for brain m
•No standardised learning framework currently exists.

Methods
• 4-round Delphi study; 33 international experts (17 countries)
• 191 learning outcomes rated
•Consensus defined as ≥80% agreementg
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