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 Awareness during general anesthesia is potentially an important issue for adults, 

infants and young children.  In October of 2004, the Joint Commission on Hospital 

Accreditation (JCAHO) issued a sentinel alert regarding anesthesia awareness (Issue 32, 

October 6, 2004).  For the past number of months, the ASA Task Force has been holding 

meetings to craft a consensus statement regarding the need (if any) of monitoring 

awareness during anesthesia.  Frequently, these types of consensus statements do not 

adequately address the needs of children.  Because of concerns regarding the pediatric 

aged patient, the preverbal status of young children, an insufficient amount of peer-

reviewed scientific and medical literature regarding pediatric awareness during 

anesthesia, and the reliability of awareness monitors (regardless of design or 

manufacturer) to predict or reduce the incidence of awareness in children, the Society for 

Pediatric Anesthesia held a one-day forum in which a small group of physicians and 

scientists were gathered to address the issue of  awareness in children and also to discuss 

what, if any, direction the Society may want to take regarding this issue.  During this one-

day forum, the following issues were addressed: 

(1) Awareness during anesthesia in children with regard to incidence and impact 

(2) The developmental aspects of the EEG and the anesthetic effects on the adult and 

pediatric EEG 

(3) The limitations of cerebral monitoring devices 

(4) The relationships of integrating EEG data with drug pharmacology 

In addition, two break out sessions were held, which focused on (1) current technology—

can it be made to work, and (2) what type of studies should be/could be done to further 

advance the field.  This presentation will primarily focus on (1) awareness during 
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anesthesia in children (2) the relationship of integrating EEG & monitoring devices with 

drug pharmacology. 

I. Awareness during anesthesia 

Awareness during anesthesia has become an important concern for both patients 

and physicians.  Unintentional awareness during general anesthesia occurs when a patient 

becomes cognizant of some or all the events during surgery and has direct recall of these 

events.  For purposes of discussion, awareness will be used in the context of the patient’s 

being able to recall the events.  That is, the ability to have a memory of such events. 

 The frequency of awareness in anesthesia has ranged between 0.1 to 0.2% of adult 

patients undergoing anesthesia.  The incidence of awareness in the United States appears 

similar to the incidence reported in other areas of the world.  Traditional clinical monitors 

such as at rest blood pressure during anesthesia, the use of benzodiazepines and the use of 

end-tidal gas monitoring are not necessarily useful in preventing awareness.  In addition, 

awareness is not always reported immediately after the surgery.  Thirty-five to 50% of 

cases are reported during delayed interviews (one week to one month later). 

 In adults, higher incidences of awareness have been reported in patients 

undergoing Cesarean section, cardiac surgery or treatment for trauma.  Awareness under 

anesthesia in children is even more difficult to quantify.  The vivid imaginations of 

children, the difficulty in separating fantasy from reality, the ability to extract information 

without being suggestive, make quantification of awareness in children difficult.  There 

are no published case reports of awareness in children and few published studies.  In 

1973, McKire reported an incidence of 5% but some of the patients were only 

anesthetized with nitrous oxide.  More recently, Davidson, in a study involving 864 
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children, determined the incidence of awareness in children 5 to 12 years of age to be 

0.8%.  This is a 4- to 8-fold increase reported in adults.  Is there something different in 

children that predisposes them to awareness?  At equivalent MAC concentrations of 

sevoflurane and desflurane, BIS and entropy measurements are greater in children.  Are 

children more likely to retain information during relatively deeper levels of anesthesia?  

In addition, in children can one extract information regarding intraoperative awareness 

without influencing the results? 

II. Integrating EEG monitoring devices with drug pharmacology 

 Devices that monitor anesthetic effect generally process, acquired evoked 

responses from auditory stimuli or process brain electrical activity.  The auditory evoked 

potentials are electrical responses of the brainstem, auditory pathways and auditory 

cortex that result from auditory stimulation.  Anesthetic agents affect the brainstem 

responses very little, while early cortical responses, also known as mid-latency responses, 

have an increase in latency and a decrease in amplitude as a result of increasing 

concentrations of anesthetic agents.  Although descriptive reports of the use of auditory 

evoked responses have been published, there are no randomized control trials (RCT) that 

have evaluated its role on intraoperative awareness.  

Numerous commercial monitors that process spontaneous EEG and 

electromyographic activity are available.   Entropy monitor, narcotrend monitor, patient 

state analyzer, SNAP index, Danameter, cerebral state monitor, process the EEG data and 

compute a value that is reflective of the patient’s hypnotic state.  Although there are 

many publications regarding their clinical use, there are no randomized control trials with 

these services that have evaluated intraoperative awareness.   
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The BIS monitor also uses EEG data and by combining in a proprietary algorithm 

involving burst suppression data and  frequency domain  data, complex electrical patterns 

are transformed into a single value that is reflective of the patient’s hypnotic state.  A 

large number of BIS studies have been published that correlate age, anesthetic agents, 

and drug concentration to the BIS value.  In addition, RCT have also been published 

regarding the use of BIS and intraoperative awareness.         

Although BIS has been shown to reduce the incidence of awareness in adults and 

decrease the anesthetic requirements in patients, nonetheless, issues involving specific 

drug effect and patient variability create significant limitations in its use.  Because drug 

use alters the brain’s state, different drugs effect BIS differently in spite of the fact that 

the patient’s level of sedation may be the same.  Increasing amounts of ketamine, for 

example, will increase a patient’s level of sedation.  However, the BIS values will remain 

unchanged.  Nitrous oxide, an anesthetic agent frequently administered to decrease the 

anesthetic requirements of patient inhaled anesthetic agents appears to have little effect 

on BIS.  Opioids decrease BIS but not in a predictable dose dependent way.  Inhaled 

anesthetic agents have a dose dependent effect on BIS but the interpatient variability is 

large. BIS values of 50 have been observed with sevoflurane concentrations ranging from 

0.5% to 2.5%.  Large variability has also been associated with propofol.  BIS values of 50 

and less have been observed with plasma concentrations that range from 1 to 10 mcg/ml.  

Neuromuscular blocking agents, when administered without any hypnotic agent 

or anesthetic to awake volunteers profoundly affected the BIS.  Messier and colleagues 

demonstrated that in awake volunteers administered only alcuronium and 

succinylcholine, the BIS resembled a well-sedated patient. 
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The irony of EEG monitoring for awareness is that the monitor is sensing changes 

in the cortex.  Sleep is a non-waking state with preserved brainstem arousability, and 

coma is a non-waking state with absent brainstem arousability.  In patients with impaired 

cerebral reactivity, distortion and disappearance of normal EEG patterns; along with the 

appearance of abnormal patterns occur.  In addition, slowing of posterior alpha, from 

upper alpha to lower alpha frequencies, into the theta range occurs.  Also, in these 

patients frontal beta slows from the upper range to the lower range, and even into the 

alpha range. 

What if awareness is a subcortical function?  Classic endpoints for awareness 

generally assess patient movement, performance and memory tests.  Advances in 

neuroimaging suggest that the thalamus, a subcortical structure, may be involved in 

awareness during anesthesia.  If sleep is a non-waking state with preserved brainstem 

arousability, and coma is a non-waking state with absent brainstem arousability, may be 

the future monitoring in anesthesia will access both cortical and subcortical activity.   

For children, the issue of determining intraoperative awareness is compounded by 

the issues of when and how one extracts such information.  It is well documented that 

most cases of awareness are discovered days to weeks after the event.  For children, 

behavior changes are frequent following surgery.  Is postoperative behavioral change a 

function of intraoperative awareness? 

As one tries to determine whether awareness occurs, how frequent is it, and what 

the psychosocial implications for the patient may be, at present, in children we are left 

with black box solutions.  The present day monitors are imprecise, and maybe the best 

that can be achieved is to describe awareness as a phenomenon and determine if certain 
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types of interventions (monitors) can reduce the incidence without really knowing how 

the true mechanism is involved. 

 

References 

Brosius KK, Bannister CF. Effect of oral midazolam premedication on the awakening 

concentration of sevoflurane, recovery times and bispectral index in children. 

Paediatric Anaesthesia 2001;11:585-590. 

Bruhn J, Bouillon TW, Shafer SL. Bispectral index (BIS) and burst suppression:  

Revealing a part of the BIS algorithm. J Clin Monitoring Computing 

2000;16:593-596. 

Choudhry DK, Brenn BR. Bispectral index monitoring:  A comparison between normal 

children and children with quadr4iplegic cerebral palsy. Anesth Analg 

2002;95:1582-5. 

Davidson AJ, Czarnecki C. The bispectral index in children:  comparing isoflurane and 

halothane. Br J Anaesth 2004;92:14-17. 

Davidson AJ, Huang GH, Czarnecki C, et al. Awareness during anesthesia in children:  A 

prospective cohort study. Anesth Analg 2005;100:653-661. 

Davidson AJ, Huang GH, Rebmann CS, Ellery C. Performance of entropy and bispectral 

index as measures of anaesthesia effect in children of different ages. Br J Anaesth 

2005;95:674-9. 

Davidson AJ, McCann M, Devavaram P, et al. The differences in the bispectral index 

between infants and children during emergence from anesthesia after 

circumcision surgery. Anesth Analg 2001;93:326-30. 

Presented at SPA Annual Meeting, 2006



 8

Davis PJ. Goldilocks:  The pediatric anesthesiologist’s dilemma. Anesth Analg 

2005;100:650-652. 

Degoute C-S, Macabeo C, Dubreuil C, et al. EEG bispectral index and hypnotic 

component of anaesthesia induced by sevoflurane:  Comparison between children 

and adults. Br J Anaesth 2001;86:209-12. 

Denman WT, Swanson EL, Rosow D, et al. Pediatric evaluation of the bispectral index 

(BIS) monitor and correlation of BIS with end-tidal sevoflurane concentration in 

infants and children. Anesth Analg 2000;90:872-7. 

Fodale V, Pratico C, Tescione M, et al. Tramadol does not modify the bispectral index 

during anaesthesia with sevoflurane and remifentanil. Br J Anaesth 2005;95:212-

15. 

Joint Commission on Accreditation of Healthcare Organizations. Appendix B: Anesthesia 

awareness education module.  Sentinel Event Alert 2004;32:080-0414 1.01. 

Kim HS, Oh AY, Kim CS, et al. Correlation of bispectral index with end-tidal 

sevoflurane concentration and age in infants and children. R J. Anaesth 

2005;95:362-6. 

Kotiniemi LH, Ryhanen PT. Behavioural changes and children’s memories after 

intravenous, inhalation and rectal induction of anaesthesia. Paediatric Anaesthesia 

1996;6:201-207. 

Mathews DM, R$ahman SS, Cirullo PM, Malik RJ. Increases in bispectral index lead to 

interventions that prevent possible intraoperative awareness. Br J Anaesth 

2005;95:193-6. 

Presented at SPA Annual Meeting, 2006



 9

McCann ME, Bacsik J, Davidson A, et al. The correlation of bispectral index with end 

tidal sevoflurane concentration and haemodynamic parameters in preschoolers. 

Paediatric Anaesthesia 2002;12:519-525. 

Myles PS, Bain DL, Johnson F, McMahon R. Is anaesthesia evidence-based?  A survey 

of anaesthetic practice. Br J Anaesth 1999;82:591-5. 

Myles PS, Leslie K, McNeil J, et al. Bispectral index monitoring to prevent awareness 

during anaesthesia:  The B-Aware randomized controlled trial. Lancet 

2004;363:1757-63. 

Renna M, Handy J, Shah A. Low baseline bispectral index of the electroencephalogram 

in patients with dementia. Anesth Analg 2003;96:1380-5. 

Rodriguez RA, Hall LE, Duggan S, Splinter WM. The bispectral index does not correlate 

with clinical signs of inhalational anesthesia during sevoflurane induction and 

arousal in children. Can J Anesth 2004;51:472-480. 

Sandin RH, Enlund G, Samuelsson P, Lennmarken C. Awareness during anaesthesia:  A 

prospective case study. Lancet 2000;355:707-11. 

Schwilden H, Kochs E, Daunderer M, et al. Concurrent recording of AEP, SSEP and 

EEG parameters during anaesthesia:  A factor analysis. Br J Anaesth 

2005;95:197-206. 

Sebel PS, Bowdle TA, Ghoneim MM, et al. The incidence of awareness during 

anesthesia:  A multicenter United States study. Anesth Analg 2004;99:833-839. 

Sebel PS, Bowdle TA, Ghoneim MM, et al. The incidence of awareness during 

anesthesia:  A multicenter United Stated study. Anesth Analg 2004;99:833-9. 

Presented at SPA Annual Meeting, 2006



 10

Spitellie PH, Holmes MA, Domino KB. Awareness during anesthesia. Anesthesiol Clin 

N Am 2002;20:555-570. 

Tempe DK: Is there any alternative to the bispectral index monitor? (Editorial) Br J 

Anaesth 2004;92:1-3. 

Watcha MF. Investigations of the bispectral index monitor in pediatric anesthesia:  First 

things first. Anesth Analg 2001;92:805-7. 

Wodey E, Tirel O, Bansard JY, et al. Impact of age on both BIS values and EEG 

bispectrum during anaesthesia with sevoflurane in children. Br J Anaesth 

2005;94:810-20. 

Wu C-C, Lin C-S, Mok MS. Bispectral index monitoring during hypoglycemic coma. J 

Clin Anesth 2002;124:305-306. 

 

Presented at SPA Annual Meeting, 2006


