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Aims 
Guidance for anaesthetists on the patients who may benefit from use of depth of 
anaesthesia monitoring. 

Summary 

Consider using brain function (SedLine) monitoring as an option in the following settings: 

• Concern about increased risk of intraoperative awareness 

• TIVA, especially with the use of neuromuscular blocking agents, or when cannula 

cannot be visualised 

• Concern regarding postoperative delirium in patients undergoing anaesthesia 

• High risk of adverse events (ASA 3 /4 patients >60 years, and likely to be 

anaesthetised for >2 hours) 

 

 

Introduction 
The simplest method employed by anaesthetists to assess the depth of anaesthesia is the 

interpretation of clinical signs. These include blood pressure, heart rate, sweating, tearing, 

pupillary response, and muscle reflexes. Whilst routinely used to aid depth of anaesthesia 

assessment, many of these signs when taken individually, are subject to change based on 

events unrelated to depth of anaesthesia. Consequently, inaccurate assessments can be 

made, leading to potential under or overdosing of anaesthetic agents. 

 
 

Monitoring Unconsciousness 
A number of depth of anaesthesia monitors are available on the market.  These can be 

divided into EEG-based monitors, those using auditory evoked potentials to assess brain 

responsiveness, and those using a combination of EEG and other physiological signals.   

Processed EEG monitors make up a large proportion of commercially available monitors. 

These monitors generally will display the unprocessed EEG for the user to interpret the real-

time brain activity. Each company has designed a slightly different user interface to display 

this information, along with an algorithm specific to the device, which aims to compress and 

analyse the EEG data to a number or index. The approaches used to generate the numbers 
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have some significant differences, but all aim to create a number and some bounds that the 

anaesthetist can be confident that anaesthesia can be confidently predicted if maintained. 

 
 
SEDLINE (Masimo) 

Worcestershire Acute Hospitals NHS Trust current use Masimo, who agreed to supply a 

much larger number of Massimo Sedline standalone monitors, both to service ICU and 

theatres, allowing much improved access. The Masimo Root is the base unit predominantly 

used to allow access to the SedLine depth of anaesthesia monitoring, although the Root 

also  includes the hardware for continuous non-invasive haemoglobin monitor.. 

 
The SedLine monitor utilises a proprietary bifrontal four-channel EEG sensor (£10 each). 

The core output of SedLine is the Patient State Index (PSi), a dimensionless score ranging 

from 0 to 100, which reflects the patient's level of consciousness and anaesthesia depth. 

Additionally, the monitor provides other EEG-derived parameters such as Spectral Edge 

Frequency 95% (SEF95) and a density spectral array (DSA) of EEG signals, aiding in the 

detection of burst suppression patterns, indicative of very deep anaesthesia.  The raw EEG 

is visible for interpretation for those confident to do so.  For those less confident in EEG 

analysis, a combination of EEG analysis, PSi score (aiming 25-50 for general anaesthesia), 

the SEF95, and the SR (suppression ratio – the amount of burst suppression detected) is 

used to build a picture of anaesthetic depth. 

 

 

 
General anaesthesia is associated with the emergence of low frequency EEG waves. 

Typically, delta and alpha waves will predominate (‘alpha delta pattern’).  The waveform of 

each wave type is shown below.  These waves are superimposed on top of each other on 

the raw EEG.  The DSA (coloured array) quantifies the amount of each type of wave, and 

presents this as a heatmap (red more, blue less) over time.  In this way, it is very easy to see 

changes in the amount of each wave over time.  The white line represents the SEF95, which 

is a number representing where 95% of all EEG wave frequencies lie beneath (therefore, the 

lower the number, the more ‘low frequency’ waves present).  If the patient enters burst 

suppression (very deep anaesthesia) the DSA shows as a ‘black gap’ in the record – this 
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both makes these periods visually obvious and removes the spurious wave frequency data 

which would otherwise be confusing. 

 

 

 

 

Considerations when using processed EEG brain function monitoring 
 

Artifact 

All monitors are subject to artefact.  An interference/artifact score is generated to give some 

indication to the user of the potential for error.  Errors can be worsened by poor skin contact, 

and movement/electrical interference.  Some knowledge of raw EEG morphology allow for 

direct (and real time) interpretation, which can be helpful to avoid over-reliance on the 

numerical scores. Common causes of error in PSi include: 

- The use of nitrous oxide or ketamine  

- Seizure activity, traumatic brain injury, stroke and other neurological disorders 

- Excessive muscle activity or the use of TOF (train of four) on facial muscles 

Adequate Analgesia 

As is well understood by all anaesthetists, the depth of anaesthesia is influenced by the 

degree of stimulation of the patient, and as when monitoring the anaesthetic without such a 

monitor, vigilance is required during periods with changes in level of stimulation. A PSi score 

of 25-50 immediately before a stimulating event (e.g. laryngoscopy, intubation, skin incision) 

is potentially an inadequate depth of anaesthesia. More opiate‐based anaesthetics (e.g. 

remifentanil infusion) have fewer variations in PSi score and result in a smaller increase in 

score following painful stimuli, such as intubation. 
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Sometimes confusion arises as to the equivalence between a MAC value, and the PSi (or 

other score) value deemed sufficient to prevent awareness.  These two terms should not be 

conflated, as one (MAC) reflects a level of anaesthesia required to prevent movement, and 

the other is a measure of the current level of consciousness.  An understanding of this 

distinction can help when apparent discrepancies arise. 

  

Potential Benefits of EEG brain function monitoring 
Areas in which EEG monitoring can potentially be useful during anaesthesia can be divided 

into a reduction in perioperative adverse outcomes (mortality and morbidity), reduction of risk 

of anaesthetic awareness, and the more accurate titration of anaesthetic dosing to reduce 

anaesthetic overdosing and time to emergence. 

 
Prevention of Adverse Outcomes 

There is building evidence that considerable morbidity, and potentially increased mortality 

can be caused by the  excessive dosing of anaesthetic agents to vulnerable individuals. 

 
Post-op Morbidity/Mortality  

Recent studies have found an association between deep anaesthesia and increased post-

operative mortality in elderly and infirm patients undergoing major surgery. Six of the seven 

published studies have shown a correlation between relatively deep anaesthesia and 

increased mortality (see table 1 in appendix).1- 5 Increasing morbidity included an increased 

risk of myocardial infarction and stroke when deep anaesthetics were administered. The 

largest database, of 24,000 patients found three independent risk factors for mortality (low 

blood pressure, low requirement of volatile anaesthetic, and BIS score <40. A large 

multicentre randomised controlled trial has recently completed recruitment, to address the 

question of anaesthetic depth and mortality/morbidity (BALANCED trial).   

 

Delirium 

A Cochrane analysis, published in May 2018 looked at using depth of anaesthesia monitors 

for the amelioration of postoperative delirium and cognitive dysfunction. They identified 

evidence that optimised anaesthesia using depth of anaesthesia (DOA) monitoring could 

reduce the risk of postoperative delirium and postoperative cognitive dysfunction in patients 

over the age of 60 years.6-12  Results from three studies (2529 participants) indicate that 

using the processed EEG to help deliver the optimal depth of anaesthesia could reduce the 

incidence of delirium from 21.3% to 15.2%. Results from three studies (2051 participants) 

indicate that this could also reduce the incidence of postoperative cognitive dysfunction at 

three months from 9.1% to 6.4%. 
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Guidelines favouring the use of brain function monitoring to prevent adverse 
outcomes: 
Current advice from NICE (2012), recommends brain function monitoring be available as an 

option for monitoring depth of anaesthesia during any type of general anaesthesia in 

patients considered at higher risk of adverse outcomes.13  

The 2015 European Society of Anaesthesiology (ESA) guideline for the prevention and 

treatment of postoperative delirium, recommends monitoring of a patient’s depth of 

anaesthesia during surgery specifically to help prevent postoperative delirium, citing 

evidence from ASA 3 or 4 patients over the age of 60 undergoing prolonged surgery (> 

2hrs).17Update of the European Society of Anaesthesiology and Intensive Care Medicine 

evidence-based and consensus-based guideline on postoperative delirium (POD) in adult 

patients in 2023 recommend: 

 

- The use of index-based EEG monitoring depth of anaesthesia guidance to decrease 

the risk of POD. 

Prevention of awareness and titration of anaesthetic depth 
 
Total Intravenous Anaesthesia (TIVA/TCI) 

TIVA is commonly used during intra-hospital transfers and for remote anaesthesia, as well 

as in main theatres where indicated. Indications for TIVA include history of malignant 

hyperpyrexia, a history of severe postoperative nausea and vomiting, a need for clear and 

crisp post-anaesthetic wakeup, and remote anaesthesia. There is mounting evidence that 

the choice of anaesthetic may have mortality benefits in certain groups, with Wigmore et al 

showing in a retrospective analysis a difference in long term mortality of 16% and 23% when 

comparing TIVA vs volatile anaesthetic for solid organ cancer resections. 14 

 

Guidelines Favouring the Use of DOA monitoring when using TIVA 

 
Recommendations for standards of monitoring during anaesthesia and recovery 
2021 published by The Association of Anaesthetists in 2021 replaced the Standards 
of Monitoring from 2015 and recommended the following: 

-  
- Processed electroencephalogram (pEEG) monitoring should be used when total 

intravenous anaesthesia (TIVA) is administered together with a NMB drug. It should 
start before induction and continue at least until full recovery from the effects of the 
neuromuscular blockade has been confirmed. It should be considered during other 
anaesthetic techniques including inhalational anaesthesia and for the high-risk 
patient. 
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The NAP5 awareness audit 2014 noted: 
 

- UK National anaesthetic audit specifically noted an increased risk of awareness 
when using TIVA, with those receiving a muscle relaxant as part of general 
anaesthesia most at risk.16 

- The overall findings are supportive of the use of DOA monitoring during TIVA with 
NMB (including cases where TIVA is used for transfer). 

 

Joint Guidelines for Safe Practice of TIVA 2019: AAGBI and Society of Intravenous 

Anaesthesia recommend: 

 

- ‘Use of a processed EEG (pEEG) monitor is recommended when a neuromuscular 

blocking drug is used with TIVA.’ 

   
Volatile Anaesthetic Agents 

Early evidence for reduced anaesthetic awareness when using BIS was fairly convincing, 

including a randomised controlled trial comparing BIS guided anaesthesia versus standard 

practice in 2500 patients at high risk of awareness.18 Explicit recall reduced from 0.91% to 

0.17% (p<0.02) in the BIS group.   One Chinese randomised controlled trial of over 5000 

patients demonstrated a reduction in awareness when using titration of propofol intravenous 

anaesthesia to predefined BIS levels (p=0.002), however, the rates of awareness in the 

control arm (no BIS titration) were much higher than found in other publications at 0.65% of 

anaesthetics.19 Other trials have demonstrated benefits including reduced time to wakening, 

and reduced anaesthetic drug usage with BIS monitoring, although further evidence of 

reduced awareness has been lacking.  A recent publication of anaesthesia in patients at high 

risk of awareness was unable to find an improvement when titrating volatile anaesthesia to 

BIS compared to titrating anaesthesia to within predefined volatile MAC (albeit with an 

audible alarm when MAC strayed from a predefined level).20  

 
Guidelines Favouring the Use of DOA monitoring when using Volatile Anaesthetic 

Agents 

Given the mixed evidence, and the very low levels of anaesthetic awareness found in the UK 

NAP5 national audit, it is not possible to categorically state that BIS leads to reduced levels 

of awareness in all groups, although is likely to reduce volatile consumption.  The NAP 5 

audit did demonstrate higher levels of awareness when a neuromuscular blocking agent 

was used, and suggested that DOA monitoring such as BIS should be considered to reduce 

this risk when these agents are used.16 A balanced approach for considering BIS use is 

suggested until a higher level of evidence is published, such as: 

(a) the patient falls into a ‘high‐risk’ of awareness category 

(b) the patient has had an experience of accidental awareness under anaesthesia or 
expresses specific fears of such 
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(c) other measures such as heart rate or blood pressure indicate very high levels of 
agent are required 

(d) other measures such as blood pressure are unusually low despite low levels of 
agent. 

 

 
Summary 

Consider using brain function (SedLine) monitoring as an option in the following settings: 

• Concern about increased risk of intraoperative awareness 

• TIVA, especially with the use of neuromuscular blocking agents, or when cannula 

cannot be visualised 

• Concern regarding postoperative delirium in patients undergoing anaesthesia 

• High risk of adverse events (ASA 3 /4 patients >60 years, and likely to be 

anaesthetised for >2 hours) 

 

 
Resources 
 
Masimo Sedline Quick Reference Guide 

 

Educational resource to familiarise yourself with typical EEG, and DSA appearances 

during to enable ‘pattern recognition’.  Start with the basics of EEG, and work 

through all case studies.  Free, and includes a course certificate 

https://eegforanesthesia.iars.org/ 

  

https://professional.masimo.co.uk/siteassets/uk/documents/pdf/plm-10355d-quick-reference-guide-sedline-global.pdf
https://eegforanesthesia.iars.org/
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Appendix  
 
Table 1: Observational studies of the relationship between depth of anaesthesia and 

subsequent mortality 
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Supporting Document 1 – Equality Impact Assessment form 
 

                                                                                   
 
 

Herefordshire & Worcestershire STP - Equality Impact Assessment (EIA) Form 
Please read EIA guidelines when completing this form 

 
Section 1 - Name of Organisation (please tick) 

Herefordshire & Worcestershire 
STP 

 Herefordshire Council  Herefordshire CCG  

Worcestershire Acute Hospitals 
NHS Trust 

x Worcestershire County 
Council 

 Worcestershire CCGs  

Worcestershire Health and Care 
NHS Trust 

 Wye Valley NHS Trust  Other (please state)  

 

Name of Lead for Activity 
 

Dr James Hutchinson 

 

Details of 
individuals 
completing this 
assessment  

 

Name  Job title e-mail contact 

Dr James Hutchinson Consultant 
Anaesthetist  

 

   

   
 
 

Date assessment 
completed 

 

 

Section 2 

Activity being assessed (e.g. 

policy/procedure, document, service 
redesign, policy, strategy etc.) 

 

Title:  Use of Brain Function EEG Monitoring to Assist with 
Anaesthetic Depth Assessment – Masimo SedLine 
 

What is the aim, purpose 
and/or intended outcomes of 
this Activity?  
 

 
 
 
 
 

Who will be affected by the 
development & implementation 
of this activity?  

❑ 
❑ 
❑ 
❑ 

Service User 
Patient 
Carers 
Visitors 

❑ 
❑ 
❑ 
❑ 

Staff 
Communities 
Other _______________________ 
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Is this: ❑ Review of an existing activity 
❑ New activity 
❑ Planning to withdraw or reduce a service, activity or presence? 

What information and evidence 
have you reviewed to help 
inform this assessment? (Please 

name sources, eg demographic 
information for patients / services / staff 
groups affected, complaints etc. 

 
 
 
 
 
 

Summary of engagement or 
consultation undertaken (e.g. 

who and how have you engaged with, or 
why do you believe this is not required)  

 

 
 
 

Summary of relevant findings 
 

 

 
Section 3 
Please consider the potential impact of this activity (during development & implementation) on each of the equality groups 
outlined below.  Please tick one or more impact box below for each Equality Group and explain your rationale.  
Please note it is possible for the potential impact to be both positive and negative within the same equality group and this 
should be recorded. Remember to consider the impact on e.g. staff, public, patients, carers etc. in these equality groups.  

Equality Group Potential 
positive 
impact 

Potential 
neutral 
impact 

Potential 
negative 
impact 

Please explain your reasons for any 
potential positive, neutral or negative impact 
identified 

Age 
 

    
 

Disability 
 

    
 

Gender 
Reassignment 
 

    
 

Marriage & Civil 
Partnerships 
 

    
 

Pregnancy & 
Maternity 
 

    
 

Race including 
Traveling 
Communities  

    
 

Religion & Belief 
 

    
 

Sex 
 

    
 

Sexual 
Orientation 
 

    
 

Other 
Vulnerable and 
Disadvantaged 
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Equality Group Potential 
positive 
impact 

Potential 
neutral 
impact 

Potential 
negative 
impact 

Please explain your reasons for any 
potential positive, neutral or negative impact 
identified 

Groups (e.g. carers; 

care leavers; homeless; 
Social/Economic 
deprivation, travelling 
communities etc.) 
Health 
Inequalities (any 

preventable, unfair & unjust 
differences in health status 
between groups, 
populations or individuals 
that arise from the unequal 
distribution of social, 
environmental & economic 
conditions within societies) 

    

 

Section 4 

What actions will you take 
to mitigate any potential 
negative impacts?   

Risk identified Actions 
required to 
reduce / 
eliminate 
negative 
impact 

Who will 
lead on 
the 
action? 

Timeframe 

 .   

    

    

How will you monitor these 
actions? 
 

 

When will you review this 
EIA? (e.g in a service redesign, this 

EIA should be revisited regularly 
throughout the design & implementation) 

 

 

Section 5 - Please read and agree to the following Equality Statement   
1. Equality Statement 
1.1. All public bodies have a statutory duty under the Equality Act 2010 to set out 
arrangements to assess and consult on how their policies and functions impact on the 9 
protected characteristics: Age; Disability; Gender Reassignment; Marriage & Civil Partnership; 
Pregnancy & Maternity; Race; Religion & Belief; Sex; Sexual Orientation 
1.2. Our Organisations will challenge discrimination, promote equality, respect human 
rights, and aims to design and implement services, policies and measures that meet the 
diverse needs of our service, and population, ensuring that none are placed at a 
disadvantage over others. 
1.3. All staff are expected to deliver services and provide services and care in a manner 
which respects the individuality of service users, patients, carer’s etc, and as such treat 
them and members of the workforce respectfully, paying due regard to the 9 protected 
characteristics.  
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Signature of person 
completing EIA 

 

Date signed  

Comments: 
 

 

Signature of person the Leader 
Person for this activity  

 

Date signed  

Comments: 
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Supporting Document 2 – Financial Impact Assessment 
 
To be completed by the key document author and attached to key document when submitted 
to the appropriate committee for consideration and approval. 
 

 Title of document: 
Yes/No 

 

1. Does the implementation of this document require any 
additional Capital resources 

 

2. Does the implementation of this document require 
additional revenue 

 

 

3. Does the implementation of this document require 
additional manpower 

 

 

4. Does the implementation of this document release any 
manpower costs through a change in practice 

 

5. Are there additional staff training costs associated with 
implementing this document which cannot be delivered 
through current training programmes or allocated training 
times for staff 

 

 

 Other comments:  

 
 

 
If the response to any of the above is yes, please complete a business case and which is 
signed by your Finance Manager and Directorate Manager for consideration by the 
Accountable Director before progressing to the relevant committee for approval 

 
 

 
 

 


