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BIS Monitoring

or how to avoid 

awareness in one easy 

lesson
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ASSESSMENT

OF DEPTH

OF ANAESTHESIA
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MONITORING ANAESTHETIC DEPTH

l Why measure depth of anaesthesia?

l How do the various EEG monitors work?

l What can be achieved when using them?
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Why measure depth 

of anaesthesia?
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Anaesthesia Monitoring

l Is the patient unconscious? 

l Are they forming memories? 

l Will they respond to stimulation? 
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PHARMACODYNAMIC VARIABILITY

Chortkoff BS, Eger EI, Crankshaw DP et al., Anesth Analg 1995; 81:737-743

Propofol

Cp 50-awake 2.7 ± 0.6 µg/ml
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Desflurane

MAC-awake 2.6 ± 0.5%
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Anesthetic Management and 

One-Year Mortality

After Non-cardiac Surgery

TG Monk, V Saini, BC Weldon, JC Sigl. Anesth Analg 2005;100:4-10
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BIS & MORTALITY

l little known about effect of anaesthetic 

management on long-term outcomes

l prospective observational study of adult 

patients undergoing major non-cardiac 

surgery with general anaesthesia

l to determine if mortality in the first year 

after surgery was associated with 

demographic, preoperative clinical, 

surgical, or intraoperative variables. 
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BIS & MORTALITY

l 1-year mortality was 5.5% in all patients (n = 

1064) and 10.3% in patients  >65 yr (n = 243) 

l 3 variables as significant independent 

predictors of mortality: 

ïpatient co-morbidity (P < 0.0001)

ïintra-operative systolic hypotension (P = 0.013)

ïtime at deep hypnotic levels (BIS <45) (P = 0.012)
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BIS & MORTALITY

l death during the first year after surgery 

is primarily associated with the natural 

history of pre-existing conditions

l cumulative deep hypnotic time and 

intraoperative hypotension were also 

significant, independent predictors of 

increased mortality

l intraoperative anaesthetic management 

may affect outcomes over longer time 

periods than previously appreciated
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How do the various 

EEG monitors work?
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PRINCIPLES OF ANALYSIS

Descriptive Approach

ïEEG measurements 

directly processed by 

a mathematical 

algorithm

ïe.g. Entropy, AEPex

Probabilistic Approach

ïEEG measurements 

compared with 

historical events or 

knowledge-based 

systems

ïe.g. BIS, Narcotrend

Surface EEG 

Monitors

Evoked Response

Monitors
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DERIVATION OF THE BIS

Bispectral Index

Power Spectrum Analysis

Burst Suppression

EEG

Empirical
calculations

based on 

previous

anaesthetic

database?
BIS
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ENTROPY

l mathematical analysis which 

quantifies disorder in a system

l characterises the complexity of 

a signal

l analysis techniques are being 

assessed to distinguish 

between different levels of 

sedation and hypnosis
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l Entropy measures the IRREGULARITY of the signal

l Independent of absolute amplitude/frequency scale

Few relevant 

frequencies
Entropy is low

Entropy is high
Wide spread 

of frequencies

ENTROPY
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ENTROPY

l in 2 patients, the EEG effect of propofol 

was quantified very similarly by BIS and 

approximate entropy

l during burst suppression of the EEG, BIS 

did not indicate an increased anaesthetic 

drug effect, while approximate entropy did

Br.J.Anaesth. 2001 87:505-7
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AUDITORY EVOKED 

POTENTIALS

latency increased

amplitude decreased

deeper anaesthesia

sound stimulus
Eurosiva: Gavin Kenny 09 May 2008, London RCA

Middle latency auditory 

evoked potentials
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MLAEP detects subconscious 

awareness

Aceto P et al. Br J Anaesth 2003; 90:630 - 5

subconscious 

awareness

NO subconscious 

awareness
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EEG and artifacts

l Muscle activity / EMG

l HF electrocautery

l Doppler probes (e.g. TOE)

l anaesthetic drugs

ïKetamine

ïNitrous oxide

ïXenon
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Low BIS in awake volunteers

Vuyk J et al. Anesthesiology 2004; 100:179 - 81

Propofol TCI 0.6 µg/ml 

plus Midazolam 

0.05 mg/kg in 1 min. 

and 0.05 mg/kg/min
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Low BIS in awake volunteers

Vuyk J et al. Anesthesiology 2004; 100:179 - 81

Propofol TCI 1.0 µg/ml 

plus Midazolam 

0.035 mg/kg in 1 min. 

and 0.035 mg/kg/min
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The bispectral index declines 

during neuromuscular block in 

fully awake persons

Messner M, Beese U, Romstock J, Dinkel M, Tschaikowsky K.

Anesth Analg. 2003 97: 488-91
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BIS & PARALYSIS 

lBIS monitored in 3 volunteers by using 
an Aspect A-1000 monitor

l experiment repeated in 1 volunteer

lEMG activity recorded

l alcuronium and succinylcholine were 
administered

l no other drugs were used 
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BIS & PARALYSIS 

lBIS decreased in response to muscle 

relaxation to a minimum value of 33  

l in the repeated measurement when total NMB 

was achieved, BIS decreased to 9 

l in two volunteers, no total block was achieved

lBIS decreased to a minimal value of 64 and 57
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BIS & PARALYSIS 

lBIS recovery coincided with reappearance 

of spontaneous EMG activity

l volunteers were fully consciousness 

during the entire experiment 
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BIS and EMG

Messner M et al. Anesth Analg 2003; 97:488 - 91
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BIS & PARALYSIS

Conclusions

lBIS is an EEG variable intended to 

measure depth of anaesthesia

lEMG activity influences calculation of BIS

l administration of a muscle relaxant to 

awake volunteers decreased BIS

l awareness in totally paralyzed patients 

cannot be excluded
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Entropy of EEG during anaesthetic 

induction: a comparative study with 

propofol or nitrous oxide

as sole agent

RE Anderson and JG Jakobsson. 

British Journal of Anaesthesia 2004; 92 (2): 167-70
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PROPOFOL GROUP

increased [propofol] 

until loss of 

consciousness

increasing anaesthesia
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