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Practice Advisory for Intraoperative Awareness and Brain
Function Monitoring

A Report by the American Society of Anesthesiologists Task Force on
Intraoperative Awareness

PRACTICE advisories are systematically developed re-
ports that are intended to assist decision making in areas
of patient care. Advisories provide a synthesis and anal-
ysis of expert opinion, clinical feasibility data, open
forum commentary, and consensus surveys. Advisories
are not intended as standards, guidelines, or absolute
requirements. They may be adopted, modified, or re-
jected according to clinical needs and constraints.

The use of practice advisories cannot guarantee any
specific outcome. Practice advisories summarize the
state of the literature and report opinions derived from a
synthesis of task force members, expert consultants,
open forums, and public commentary. Practice adviso-
ries are not supported by scientific literature to the same
degree as are standards or guidelines because sufficient
numbers of adequately controlled studies are lacking.
Practice advisories are subject to periodic revision as
warranted by the evolution of medical knowledge, tech-
nology, and practice.

Methodology

A. Definitions
Intraoperative awareness under general anesthesia is a

rare occurrence, with a reported incidence of 0.1–0.2%.1–4

Significant psychological sequelae (e.g., post–traumatic
stress disorder) may occur after an episode of intraopera-
tive awareness, and affected patients may remain severely
disabled for extended periods of time.5 However, in some
circumstances, intraoperative awareness may be unavoid-
able to achieve other critically important anesthetic goals.

The following terms or concepts discussed in this
Advisory include: consciousness, general anesthesia,
depth of anesthesia or depth of hypnosis, recall, amne-
sia, intraoperative awareness, and brain function moni-
tors. Consistent definitions for these terms are not avail-
able in the literature. For purposes of this Advisory,
these terms are operationally defined or identified as
follows:

1. Consciousness. Consciousness is a state in which
a patient is able to process information from his or her
surroundings. Consciousness is assessed by observing a
patient’s purposeful responses to various stimuli. Identi-
fiers of purposeful responses include organized move-
ments following voice commands or noxious/painful
stimuli.* For example, opening of the eyes is one of
several possible identifiers or markers of consciousness.
Purposeful responses may be absent when paralysis is
present as a consequence of neurologic disease or the
administration of a neuromuscular blocking drug.

2. General Anesthesia. General anesthesia is defined
as a drug-induced loss of consciousness during which
patients are not arousable, even by painful stimulation.†
The ability to maintain ventilatory function indepen-
dently is often impaired. Patients often require assistance
in maintaining a patent airway, and positive-pressure
ventilation may be required because of depressed spon-
taneous ventilation or drug-induced depression of neu-
romuscular function. Cardiovascular function may be
impaired.

3. Depth of Anesthesia. Depth of anesthesia or depth
of hypnosis refers to a continuum of progressive central
nervous system depression and decreased responsive-
ness to stimulation.

4. Recall. For the purpose of this Advisory, recall is the
patient’s ability to retrieve stored memories. Recall is
assessed by a patient’s report of previous events, in
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particular, events that occurred during general anesthe-
sia. Explicit memory is assessed by the patient’s ability
to recall specific events that took place during general
anesthesia. Implicit memory is assessed by changes in
performance or behavior without the ability to recall
specific events that took place during general anesthesia
that led to those changes.6 A report of recall may be
spontaneous or it may only be elicited in a structured
interview or questionnaire. This Advisory does not ad-
dress implicit memory.

5. Amnesia. Amnesia is the absence of recall. Many
anesthetic drugs produce amnesia at concentrations well
below those necessary for suppression of consciousness.
Anterograde amnesia is intended when a drug with am-
nestic properties is administered before induction of
anesthesia. Retrograde amnesia is intended when a drug
such as a benzodiazepine is administered after an event
that may have caused or been associated with intraop-
erative consciousness in the hope that it will suppress
memory formation and “rescue” from recall.

6. Intraoperative Awareness. Intraoperative aware-
ness occurs when a patient becomes conscious during a
procedure performed under general anesthesia and sub-
sequently has recall of these events. For the purpose of
this Advisory, recall is limited to explicit memory and
does not include the time before general anesthesia is
fully induced or the time of emergence from general
anesthesia, when arousal and return of consciousness
are intended. Dreaming is not considered intraoperative
awareness.

7. Brain Function Monitors. Brain function moni-
tors are devices that record or process brain electrical
activity and convert these signals mathematically into a
continuous measure typically scaled from 0 to 100. In
addition to monitoring spontaneous cortical electrical
activity (electroencephalogram [EEG]), these devices
may also record and process evoked cortical and subcor-
tical activity (auditory evoked potentials [AEPs]) as well
as electromyographic (EMG) activity from scalp muscles.
For the purpose of this Advisory, only monitors pur-
ported to measure depth of anesthesia or hypnosis will
be considered. Other, non-EEG, non-AEP, non-EMG de-
vices are also available but are not addressed by this
Advisory.

B. Purposes of the Advisory
Intraoperative awareness under general anesthesia is

an important clinical problem that clearly is within the
foundation of training and continuing medical education
in anesthesiology. The purposes of this Advisory are to
identify risk factors that may be associated with intraop-
erative awareness, provide decision tools that may en-
able the clinician to reduce the frequency of unintended
intraoperative awareness, stimulate the pursuit and eval-
uation of strategies that may prevent or reduce the fre-
quency of intraoperative awareness, and provide guid-

ance for the intraoperative use of brain function
monitors as they relate to intraoperative awareness.

C. Focus
This Advisory focuses on the perioperative treatment

of patients who are undergoing a procedure during
which general anesthesia is administered. This Advisory
is not intended for the perioperative management of
minimal, moderate, or deep sedation in the operating
room or intensive care unit; regional or local anesthesia
without general anesthesia; monitored anesthesia care;
tracheal intubation of patients or those undergoing re-
suscitation in emergency trauma after the administration
of a neuromuscular block, or intentional intraoperative
wake-up testing (e.g., for the purposes of assessing intra-
operative neurologic function). In addition, this Advisory
is not intended to address the perioperative treatment of
pediatric patients.

D. Application
This Advisory is intended for use by anesthesiologists,

other physicians who supervise the administration of
general anesthesia, and all other individuals who admin-
ister general anesthesia. The Advisory may also serve as
a resource for other physicians and healthcare profes-
sionals who are involved in the perioperative manage-
ment of patients receiving general anesthesia.

E. Task Force Members and Consultants
The American Society of Anesthesiologists (ASA) ap-

pointed this Task Force of 10 members to (1) review and
assess the currently available scientific literature on in-
traoperative awareness, (2) obtain expert consensus and
public opinion, and (3) develop a practice advisory. The
Task Force is comprised of anesthesiologists from vari-
ous geographic areas of the United States, an anesthesi-
ologist from The Netherlands, and two methodologists
from the ASA Committee on Practice Parameters.

The ASA appointed the 10 members to the Task Force
because of their knowledge or expertise in the medical
specialty of anesthesiology, and the development of
practice parameters. The members include but are not
limited to anesthesiologists with specialized knowledge
or expertise in the area of neuroanesthesiology. Two of
the 10 members disclosed receipt of funds from or a
financial interest in a company developing or manufac-
turing brain function monitors; these companies have a
direct financial interest in the expanded use of such
monitors. Task Force members may also have received
funds from or have a financial interest in other compa-
nies, such as developers or manufacturers of anesthetics,
that may be indirectly affected by the expanded use of
brain function monitors. The Task Force did not request
for its members to disclose such interests because they
were deemed too remote and speculative to present
conflicts of interest.
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The Task Force, in turn, sought input from consultants,
many of whom who had particularized knowledge, ex-
pertise, and/or interest in intraoperative awareness and
brain function monitors. Such knowledge or expertise is
based in part in some cases on research or investiga-
tional activities funded by a company developing or
manufacturing brain function monitors. Fifty-four per-
cent of the consultants disclosed receipt of funds from
or a financial interest in a company developing or man-
ufacturing brain function monitors. Consultants also may
have received funds from or have a financial interest in
other companies that may be indirectly affected by the
use of brain function monitors. The Task Force did not
request for its consultants to disclose such interests
because they were deemed too remote and speculative
to present conflicts of interest.

The Task Force used a six-step process. First, the mem-
bers reached consensus on the criteria for evidence of
effective perioperative interventions for the prevention
of intraoperative awareness. Second, they evaluated orig-
inal articles published in peer-reviewed journals relevant
to this issue. Third, consultants who had expertise or
interest in intraoperative awareness and who practiced
or worked in diverse settings (e.g., scientists and/or
physicians in academic and private practice) were asked
to participate in opinion surveys on the effectiveness of
various perioperative management strategies and to re-
view and comment on a draft of the Advisory developed
by the Task Force. Fourth, additional opinions were
solicited from a random sample of active members of the
ASA. Fifth, the Task Force held open forums at three
national and international anesthesia meetings to solicit
input on the key concepts of this Advisory. Sixth, all
available information was used to build consensus
within the Task Force on the Advisory.

The draft document was made available for review on
the ASA Web site, and commentary was invited via
e-mail announcement to all ASA members. All submitted
comments were considered by the Task Force in prepar-
ing the final draft.

F. Availability and Strength of Evidence
Practice advisories are developed by a protocol similar

to that of an ASA evidence-based practice guideline,
including a systematic search and evaluation of the liter-
ature. However, practice advisories lack the support of a
sufficient number of adequately controlled studies to
permit aggregate analyses of data with rigorous statistical
techniques such as meta-analysis. Nonetheless, litera-
ture-based evidence from case reports and other descrip-
tive studies are considered during the development of
the Advisory. This literature often permits the identifica-
tion of recurring patterns of clinical practice.

As with a practice guideline, formal survey information
is collected from consultants and members of the ASA.
The following terms describe survey responses for any

specified issue. Responses are solicited on a five-point
scale, ranging from 1 (strongly disagree) to 5 (strongly
agree), with a score of 3 being equivocal. Survey responses
are summarized based on median values as follows:

Strongly Agree: Median score of 5 (at least 50% of the
responses are 5)

Agree: Median score of 4 (at least 50% of the responses
are 4 or 4 and 5)

Equivocal: Median score of 3 (at least 50% of the re-
sponses are 3, or no other response category or com-
bination of similar categories contain at least 50% of
the responses)

Disagree: Median score of 2 (at least 50% of responses
are 2 or 1 and 2)

Strongly Disagree: Median score of 1 (at least 50% of
responses are 1)

Additional information is obtained from open forum
presentations and other invited and public sources. The
advisory statements contained in this document repre-
sent a distillation of the current spectrum of clinical
opinion and literature-based findings (appendix 1).

Advisories

I. Preoperative Evaluation
A preoperative evaluation includes (1) obtaining a fo-

cused history (i.e., medical records, laboratory reports,
patient or patient-and-family interview), (2) conducting a
physical examination, (3) identifying patients at risk for
intraoperative awareness (e.g., planned anesthetics, type
of surgery), and (4) informing selected patients of the
possibility of intraoperative awareness.

Descriptive studies and case reports suggest that cer-
tain patient characteristics may be associated with intra-
operative awareness, including age, sex, ASA physical
status, and drug resistance or tolerance.4,7–11 Descriptive
studies and case reports suggest that certain procedures
(e.g., cesarean delivery, cardiac surgery, trauma sur-
gery)4,8,12–29 as well as anesthetic techniques (e.g., rapid-
sequence induction, reduced anesthetic doses with or
without the presence of paralysis)2,3,9,13,16,21,23,30–33

may be associated with an increased risk of intraopera-
tive awareness. No studies were found that examined
the clinical impact of informing the patient before sur-
gery of the possibility of intraoperative awareness.

The consultants and ASA members agree that a preop-
erative evaluation may be helpful in identifying patients
at risk for intraoperative awareness (appendix 2). In
addition, they agree that a focused preoperative evalua-
tion to identify patients at risk of intraoperative aware-
ness should include review of a patient’s medical record,
a thorough physical examination, and a patient or pa-
tient-and-family interview. They agree that patient char-
acteristics that may place a patient at risk for intraoper-
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ative awareness include substance use or abuse, limited
hemodynamic reserve, and ASA physical status of IV or
V. The consultants strongly agree and the ASA members
agree that a history of intraoperative awareness may
place a patient at risk. The consultants disagree and the
ASA members are equivocal regarding whether all pa-
tients should be informed of the possibility of intraoper-
ative awareness. The consultants and ASA members
agree that only patients considered to be at elevated risk
of intraoperative awareness should be informed of the
possibility of intraoperative awareness. Finally, the con-
sultants and the ASA members disagree that informing
the patient preoperatively of the risk of intraoperative
awareness increases the actual risk of intraoperative
awareness.

Advisory. The Task Force believes that some compo-
nents of the preoperative evaluation may be useful in
identifying a patient at increased risk for awareness. An
evaluation should include, if possible, a review of a
patient’s medical records for previous occurrences of
awareness or other potential risk factors, a patient inter-
view to assess level of anxiety or previous experiences
with anesthesia, and a physical examination. Potential
risk factors to consider for patients undergoing general
anesthesia include substance use or abuse (e.g., opioids,
benzodiazepines, cocaine), a history of awareness, a his-
tory of difficult intubation or anticipated difficult intuba-
tion, chronic pain patients using high doses of opioids,
cardiac surgery, cesarean delivery, trauma and emer-
gency surgery, reduced anesthetic doses in the presence
of paralysis, planned use of muscle relaxants during the
maintenance phase of general anesthesia, total intrave-
nous anesthesia, the planned use of nitrous oxide-opioid
anesthesia, ASA physical status of IV or V, and limited
hemodynamic reserve. The consensus of the Task Force
is that patients whom the individual clinician considers
to be at substantially increased risk of intraoperative
awareness should be informed of the possibility of intra-
operative awareness when circumstances permit.

II. Preinduction Phase of Anesthesia
Issues regarding the preinduction phase of anesthesia

related to the prevention of intraoperative awareness
include checking the functioning of anesthesia delivery
systems, and the prophylactic administration of benzo-
diazepines.

Although checking the functioning of anesthesia deliv-
ery systems is standard practice, some cases of intraop-
erative awareness have resulted from too-low concentra-
tions of inspired volatile anesthetics or drug errors,
including drug delivery errors.8,34–39 One double-blind
randomized clinical trial evaluated the efficacy of the
prophylactic administration of midazolam as an anes-
thetic adjuvant during ambulatory procedures under to-
tal intravenous anesthesia and reported a lower fre-
quency of intraoperative awareness in the midazolam

groups compared with the placebo group.40 Two ran-
domized clinical trials examined anterograde amnesia by
providing pictures as stimuli after administration of mi-
dazolam but before induction of general anesthesia. Al-
though these studies reported reduced recall in patients
administered midazolam, the presence of consciousness
during general anesthesia and subsequent intraoperative
awareness was not examined.41,42

The consultants and ASA members strongly agree that
the functioning of anesthesia delivery systems (e.g., va-
porizers, infusion pumps, fresh gas flow, intravenous
lines) should be checked to reduce the risk of intraop-
erative awareness. The consultants disagree and the ASA
members are equivocal that a benzodiazepine or scopol-
amine should be used as a component of the anesthetic
to reduce the risk of intraoperative awareness for all
patients. The consultants agree that a benzodiazepine or
scopolamine should be used for patients requiring
smaller dosages of anesthetics, patients undergoing car-
diac surgery, and patients undergoing trauma surgery.
They are equivocal regarding patients undergoing cesar-
ean delivery, emergency surgery, and total intravenous
anesthesia. The ASA members agree that a benzodiaz-
epine or scopolamine should be used for patients requir-
ing smaller dosages of anesthetics and patients undergo-
ing cardiac surgery, emergency surgery, trauma surgery,
and total intravenous anesthesia. They are equivocal re-
garding patients undergoing cesarean delivery.

Advisory. Because intraoperative awareness may be
caused by equipment malfunction or misuse, the Task
Force believes that there should be adherence to a
checklist protocol for anesthesia machines and equip-
ment to assure that the desired anesthetic drugs and
doses will be delivered. These procedures should be
extended to include verification of the proper function-
ing of intravenous access, infusion pumps, and their
connections. The Task Force consensus is that the deci-
sion to administer a benzodiazepine prophylactically
should be made on a case-by-case basis for selected
patients (e.g., patients requiring smaller dosages of anes-
thetics). The Task Force cautions that delayed emer-
gence may accompany the use of benzodiazepines.

III. Intraoperative Monitoring
Intraoperative awareness cannot be measured during

the intraoperative phase of general anesthesia, because
the recall component of awareness can only be deter-
mined postoperatively by obtaining information directly
from the patient. Therefore, the primary issue regarding
intraoperative monitoring addressed by this Advisory is
whether the use of clinical techniques, conventional
monitoring systems, or brain function monitors reduces
the occurrence of intraoperative awareness.

The majority of literature obtained during the search
and review process did not directly address whether
these techniques, systems, or monitors reduce the fre-
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quency of intraoperative awareness. However, many
studies were found that report intraoperative measures
or index values from monitoring activities. This litera-
ture, although not directly assessing the impact of an
intervention on awareness, often reported patterns or
values that occurred at identifiable times during the
perioperative period with the intention of describing or
predicting variations in the depth of anesthesia. Com-
monly reported findings from this literature are summa-
rized below.

The literature for each intervention is presented in the
following order: (1) randomized clinical trials, (2) non-
randomized comparative studies (e.g., quasi-experimen-
tal, prospective cohort studies), (3) correlational studies
(e.g., correlations of index values with end-tidal concen-
trations of hypnotic drugs or with movement in re-
sponse to noxious stimuli), (4) descriptive reports of
monitored index values at particular times during a pro-
cedure, and (5) case reports of unusual or unintended
benefits or harms occurring during a monitoring activity.
Correlational studies often report a measure of associa-
tion between two continuous variables (e.g., the corre-
lation between index values and anesthetic drug concen-
trations). Other correlational measures include a
prediction probability (Pk) value that provides a measure
of how well a monitor or technique can differentiate
between two different clinical states (e.g., response vs.
no response to verbal command).43 A Pk value of 1.0
indicates perfect association between an index value and
a clinical state, whereas a Pk value of 0.50 indicates a
prediction probability equal to chance.

A. Clinical Techniques and Conventional Monitor-
ing. Among the clinical techniques used to assess intra-
operative consciousness are checking for movement,
response to commands, opened eyes, eyelash reflex, pupil-
lary responses or diameters, perspiration, and tearing. Con-
ventional monitoring systems include ASA standard moni-
toring‡ as well as the end-tidal anesthetic analyzer.

No clinical trials or other comparative studies were
found that examine the effect of clinical techniques or
conventional monitoring on the incidence of intraoper-
ative awareness. Correlational studies reported Pk values
ranging from 0.74 to 0.76 for the association between
reflex or purposeful movement and indicators for depth
of anesthesia.44 One study reported a significant associ-
ation between response to command and memory when
continuous infusions of propofol were used as the in-
duction anesthetic.45 Pk values for mean arterial pres-
sure (MAP) ranged from 0.68 to 0.94 for distinguishing a
responsive state from an unresponsive state and from
0.81 to 0.89 for distinguishing an anesthetized state from

emergence after anesthesia (i.e., first response). Pk val-
ues for heart rate (HR) ranged from 0.50 to 0.82 for
distinguishing a responsive state from an unresponsive
state and from 0.54 to 0.67 for emergence.46–48 Wide
ranges of mean MAP and HR values were reported dur-
ing various intraoperative times. Studies reported ranges
of mean MAP values as follows: before induction or
baseline, 90–103 mmHg; at induction, 58.4–88 mmHg;
during surgery, 78–102 mmHg; at emergence or end of
surgery, 58.7–97 mmHg; and during postoperative re-
covery, 86–104 mmHg. Mean HR ranges were reported
as follows: before induction or baseline, 61–82 beats/min;
at induction, 55–67 beats/min; during surgery, 74–82
beats/min; at emergence or end of surgery, 59–92 beats/
min; and during postoperative recovery, 82–89 beats/
min.49–56 Awareness has been reported to occur in the
absence of tachycardia or hypertension.8,23,24

The consultants and ASA members agree that clinical
techniques (e.g., checking for purposeful or reflex move-
ment) are valuable and should be used to assess intraoper-
ative consciousness. In addition, the consultants and ASA
members agree that conventional monitoring systems (e.g.,
electrocardiogram, blood pressure, HR, end-tidal anesthetic
analyzer, capnography) are valuable and should be used to
help assess intraoperative consciousness.

B. Brain Electrical Activity Monitoring. Most of the
devices designed to monitor brain electrical activity for
the purpose of assessing anesthetic effect record elec-
troencephalographic activity from electrodes placed on
the forehead. Systems can be subdivided into those that
process spontaneous electroencephalographic and elec-
tromyographic activity and those that acquire evoked
responses to auditory stimuli (AEPs). After amplification
and conversion of the analog electroencephalographic
signal to the digital domain, various signal processing
algorithms are applied to the frequency, amplitude, la-
tency, and/or phase relationship data derived from the
raw EEG or AEP to generate a single number, often
referred to as an “index,” typically scaled between 0 and
100. This index represents the progression of clinical
states of consciousness (“awake,” “sedated,” “light anes-
thesia,” “deep anesthesia”), with a value of 100 being
associated with the awake state and values of 0 occur-
ring with an isoelectric EEG (or absent middle latency
AEP). These processing algorithms may either be pub-
lished and in the public domain or proprietary. Detailed
descriptions of the various approaches to electroen-
cephalographic signal processing, including bispectral
analysis, may be found elsewhere.57 Artifact recognition
algorithms intended to avoid contaminated and there-
fore spurious “index” values are an important compo-
nent of the software in most monitors.

Although electromyographic activity from scalp mus-
cles can be considered an artifact from the viewpoint of
pure electroencephalographic analysis, it may be an im-
portant source of clinically relevant information. Sudden

‡ American Society of Anesthesiologists: Standards for basic anesthetic mon-
itoring, American Society of Anesthesiologists Standards, Guidelines, and State-
ments, October 27, 2004.
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appearance of frontal (forehead) electromyographic ac-
tivity suggests somatic response to noxious stimulation
resulting from inadequate analgesia and may give warn-
ing of impending arousal. For this reason, some monitors
separately provide information on the level of electro-
myographic activity.

1. Spontaneous electroencephalographic activity
monitors.

Bispectral Index. The Bispectral Index (BIS) is a pro-
prietary algorithm (Aspect Medical Systems, Natick, MA)
that converts a single channel of frontal electroenceph-
alograph into an index of hypnotic level (BIS). BIS is
available either as a separate device (BIS® monitor; As-
pect Medical Systems) or incorporated, under license
from Aspect Medical Systems, in “BIS modules” made by
various anesthesia equipment manufacturers. To com-
pute the BIS, several variables derived from the electro-
encephalographic time domain (burst-suppression anal-
ysis), frequency domain (power spectrum, bispectrum:
interfrequency phase relationships) are combined into a
single index of hypnotic level. BIS values are scaled from
0 to 100, with specific ranges (e.g., 40–60) reported to
reflect a low probability of consciousness under general
anesthesia. The weight factors for the various compo-
nents in the multivariate model that generates the BIS
were empirically derived from a prospectively collected
database of more than 1,500 anesthetics. The BIS®

model accounts for the nonlinear stages of electroen-
cephalographic activity by allowing different parameters
to dominate the resulting BIS as the electroencephalo-
graphic changes its character with increasing plasma
concentrations of various anesthetics, resulting in a lin-
ear decrease in BIS. As more data have become available
and as methods and algorithms to suppress artifacts have
been improved, revised iterations of the algorithm and
optimized hardware have been released.

Several randomized controlled trials (RCTs) have com-
pared outcomes with BIS-guided anesthetic administra-
tion versus standard clinical practice without BIS. In one
RCT that enrolled 2,500 patients at high risk of intraop-
erative awareness, explicit recall occurred in 0.17% of
patients when BIS monitors were used and in 0.91% of
patients treated by routine clinical practice (P � 0.02).58

A small (n � 30), single-blinded RCT (i.e., the anesthe-
siologists were blinded to the recorded BIS values) com-
pared BIS monitoring with clinical signs during cardiac
surgery and reported one episode of recall in the clinical
signs group compared with no episodes in the BIS-
monitored group (P � 0.50).59 In other RCTs, times to
awakening, first response, or eye opening and consump-
tion of anesthetic drugs were reduced with the use of
BIS.8,60–68

One nonrandomized comparison of the use of BIS
monitoring versus a cohort of historic controls (n �
12,771) found explicit recall occurring in 0.04% of the
BIS-monitored patients versus 0.18% of the historic con-

trols (P � 0.038).69 Another prospective nonrandomized
cohort study (n � 19,575) designed to establish the
incidence of awareness with recall during routine gen-
eral anesthesia and to determine BIS values associated
with intraoperative awareness events reported no statis-
tically significant difference when BIS was used (0.18%
of patients) compared with when BIS was not used
(0.10% of patients).4 Other nonrandomized comparative
studies reported higher index values on arrival in the
postanesthesia care unit, shorter recovery times, and
lower anesthetic use among patients monitored with BIS
compared with patients not monitored with BIS.70,71

Numerous correlational studies reported Pk values for
BIS ranging from 0.72 to 1.00 for awake versus loss of
response after induction with propofol (with or without
opioids) and from 0.79 to 0.97 for anesthetized versus
first response.46–48,72–78 One study reported a Pk value
of 0.86 for movement from electrical stimulation.44 Wide
ranges of mean BIS values have been reported during
various intraoperative times. Ranges of mean BIS values
were as follows: before induction or baseline, 80–98; at
or after induction, 37–70; during surgery, 20–58; at
emergence or end of surgery, 42–96; and during post-
operative recovery, 64–96.50,51,54-56,79-110 Several case
reports indicate that intraoperative events unrelated to
titration of anesthetic agents can produce rapid changes
in BIS values (e.g., cerebral ischemia or hypoperfusion,
gas embolism, unrecognized hemorrhage, inadvertent
blockage of anesthesia drug delivery).111–119 Other case
reports suggest that routine intraoperative events (e.g.,
administration of depolarizing muscle relaxants, activa-
tion of electromagnetic equipment or devices, patient
warming or planned hypothermia) may interfere with
BIS functioning.120–128 Two case reports were found
that reported patients experiencing intraoperative
awareness despite monitored values indicating an ade-
quate depth of anesthesia.129,130 Finally, still other case
reports suggested that certain patient conditions may
affect BIS values.131–133

Entropy. Entropy (GE Healthcare Technologies,
Waukesha, WI) describes the irregularity, complexity, or
unpredictability characteristics of a signal. A single sine
wave represents a completely predictable signal (en-
tropy � 0), whereas noise from a random number gen-
erator represents entropy � 1. The algorithm for calcu-
lation of entropy in the electroencephalographic signal
as incorporated in the Datex-Ohmeda S/5 entropy Mod-
ule (Datex-Ohmeda, Inc., Madison, WI) is in the public
domain, and detailed descriptions have recently been
published.134

Entropy is independent of absolute scales such as the
amplitude or the frequency of the signal. The commer-
cially available Datex-Ohmeda module calculates en-
tropy over time windows of variable duration and re-
ports two separate entropy values. State entropy (SE) is
an index ranging from 0 to 91 (awake), computed over
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the frequency range from 0.8 to 32 Hz, reflecting the
cortical state of the patient. Response entropy (RE) is an
index ranging from 0 to 100 (awake), computed over a
frequency range from 0.8 to 47 Hz, containing the higher
electromyographic-dominated frequencies, and will thus
also respond to the increased electromyographic activity
resulting from inadequate analgesia. No clinical trials or
other comparative studies were found that examine the
impact of entropy monitoring on the incidence of intra-
operative awareness. One clinical trial reported reduced
times to eye opening, response to command, and con-
sumption of anesthetic drugs with the use of entropy
monitoring.135

Correlational studies report the following Pk values for
loss of consciousness: for RE, 0.83–0.97; for SE, 0.81–
0.90.45,136–137 For anesthetized versus first response, the
following Pk values are reported: for RE, 0.85; and for SE,
0.82.46 Ranges of mean RE and SE values were as follows:
before induction or baseline, 98 (RE) and 89–91 (SE);
during surgery, 34–52 (RE) and 50–63 (SE); and at
emergence or end of surgery, 96 (RE) and 85
(SE).52,135,138,139

Narcotrend®. The Narcotrend® (MonitorTechnik, Bad
Branstedt, Germany) is derived from a system developed
for the visual classification of the electroencephalo-
graphic patterns associated with various stages of sleep.
After artifact exclusion and Fourier transformation, the
original electronic algorithm classified the raw (frontal)
EEG according to the following system: A (awake), B
(sedated), C (light anesthesia), D (general anesthesia), E
(general anesthesia with deep hypnosis), F (general an-
esthesia with increasing burst suppression). The system
included a series of subclassifications resulting in a total
of 14 possible substages: A, B0–2, C0–2, D0–2, E0–1,
and F0–1.140 In the most recent iteration of the Narco-
trend® software (version 4.0), the alphabet-based scale
has been “translated” into a dimensionless index, the
Narcotrend® index, scaled from 0 (deeply anesthetized)
to 100 (awake), with the stated intention of producing a
scale quantitatively similar to the BIS index.

No clinical trials or other comparative studies were
found that examine the impact of Narcotrend® monitor-
ing on the incidence of intraoperative awareness. One
RCT has compared the use of Narcotrend®-controlled
versus clinically controlled anesthetic administration
and found a shorter recovery time in the Narcotrend®

group (i.e., opened eyes) after termination of anesthe-
sia.63 Pk values for Narcotrend® ranged from 0.93 to
0.99 for awake versus loss of response after induction
with propofol combined with an opioid and from 0.94 to
0.99 for anesthetized versus first response.47,48 Reported
mean Narcotrend® values are as follows: after induction
(loss of response), 72–80; and at emergence or end of
surgery (spontaneously opened eyes), 80.73

Patient state analyzer. The Patient State Index (PSI;
Physiometrix, North Billerica, MA) is derived from a

four-channel electroencephalograph. The derivation of
the PSI is based on the observation that there are revers-
ible spatial changes in power distribution of quantitative
electroencephalograph at loss and return of conscious-
ness. The PSI has a range of 0–100, with decreasing
values indicating decreasing levels of consciousness or
increasing levels of sedation, similar to BIS, entropy, and
Narcotrend®. The PSI algorithm was constructed using
stepwise, discriminant analysis based on multivariate
combinations of quantitative electroencephalographic
variables, derived after Fourier transformation of the raw
EEG signal, and found to be sensitive to changes in the
level of anesthesia.

No clinical trials or other comparative studies were
found that examine the impact of PSI monitoring on the
incidence of intraoperative awareness. One correlational
study reported a Pk value of 0.70 for predicting response
to command, with a sensitivity of 85.6% and specificity
of 38.8%,77 and another study reported a significant
correlation of the PSI with unconsciousness.141 Re-
ported mean PSI values are as follows: before induction
or baseline, 92; during surgery, 32; at emergence or end
of surgery, 53; and during postoperative recovery, 81.141

SNAP index. The SNAPII (Everest Biomedical Instru-
ments, Chesterfield, MO) calculates a “SNAP index” from
a single channel of electroencephalograph. The index
calculation is based on a spectral analysis of electroen-
cephalographic activity in the 0 to 18 Hz and 80 to 420
Hz frequency ranges and a burst suppression algorithm.
There are no published data on the actual algorithm used
to calculate the SNAP index, which is based on a com-
posite of both low-frequency (0–40 Hz) and high-fre-
quency (80–420 Hz) components.

No clinical trials or other comparative studies were
found that examine the impact of SNAP monitoring on
the incidence of intraoperative awareness. One correla-
tional study was found that reported a mean SNAP index
of 71 to be predictive of a loss of consciousness in 95%
of elective surgery patients.142

Cerebral State Monitor/Cerebral State Index. The Ce-
rebral State Monitor (Danmeter A/S, Odense, Denmark)
is a handheld device that analyzes a single channel EEG
and presents a Cerebral State “Index” scaled from 0 to
100. In addition, it also provides electroencephalo-
graphic suppression percentage and a measure of elec-
tromyographic activity (75–85 Hz).

No published literature was found that examined the
impact of using the Danmeter Cerebral State Monitor on
the incidence of intraoperative awareness.

2. Evoked brain electrical activity monitors.
AEP Monitor/2 (Danmeter). Auditory evoked poten-

tials are the electrical responses of the brainstem, the
auditory radiation and the auditory cortex to auditory
sound stimuli (clicks) delivered via headphones. The
effects of anesthetics on AEP have been studied since the
early 1980s.143–145 The brainstem response is relatively
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insensitive to anesthetics, whereas early cortical re-
sponses, known as the middle-latency AEPs (MLAEPs),
change predictably with increasing concentrations of
both volatile and intravenous anesthetics. The typical
AEP response to increasing anesthetic concentrations is
increased latency and decreased amplitude of the vari-
ous waveform components. These signals are extremely
small (� 1 �V), necessitating extraction from the spon-
taneous electroencephalograph using signal averaging
techniques. Before recent innovations, signal averaging
was relatively time consuming (several minutes per av-
eraged waveform). More recent signal filtering advances
have resulted in an instrument (A-Line®; Danmeter) that
can record and rapidly update a single channel of AEPs
from forehead electrodes. From a mathematical analysis
of the AEP waveform, the device generates an “AEP-
index” that provides a correlate of anesthetic concentra-
tion. The AEP index, or AAI, is scaled from 0 to 100. In
contrast to many EEG indices, the AAI corresponding
with low probability of consciousness is less than 25,
rather than the higher numeric thresholds associated
with the other monitors. The device is approved by the
US Food and Drug Administration but is not currently
marketed in North America.

Randomized controlled trials that compared MLAEP
monitoring (e.g., to titrate anesthetics) to standard clin-
ical practice without MLAEPs reported reduced times to
eye opening or orientation.63,64,146 A Pk value of 0.79
was reported for loss of eyelash reflex after induction
with propofol and an opioid,74 and Pk values of 0.63 and
0.66 were reported for responsiveness after discontinu-
ation of remifentanil or sevoflurane, respectively.147 One
study reported a Pk value of 0.87 for movement,148 and
another study reported a Pk value of 0.99 for awareness
after laryngeal mask airway insertion.149 Descriptive
studies reported ranges of mean values as follows: before
induction or baseline, 73.5–85; at or after induction,
33.4–61; during surgery, 21.1–37.8; at emergence or
end of surgery, 24.6–40; and during postoperative re-
covery, 89.7.74,80,144,150,151

C. Consultant and ASA Member Survey Findings.
Consultants who participated in this Advisory typically
had either a particular knowledge or an expressed inter-
est in intraoperative awareness and brain function mon-
itors. The majority of these consultants disclosed receipt
of funds from or a financial interest in a company devel-
oping or manufacturing brain function monitors. Con-
sultants were not asked to disclose similar relationships
with other companies that may be indirectly affected by
the use of brain function monitors. ASA members were
randomly selected from a list of active members of the
society.

The consultants and ASA members disagree that a
brain electrical activity monitor is valuable and should be
used to reduce the risk of intraoperative awareness for
all patients. The consultants and ASA members disagree

that a brain electrical activity monitor is valuable and
should be used to reduce the risk of intraoperative
awareness for no patient. The consultants agree that a
brain electrical activity monitor should be used for pa-
tients with conditions that may place them at risk and
patients requiring smaller doses of general anesthetics,
trauma surgery, cesarean delivery, and total intravenous
anesthesia. They are equivocal regarding the use of brain
electrical activity monitoring for cardiac surgery and
emergency surgery. The ASA members agree with the
use of such monitors for patients with conditions that
may place them at risk, patients requiring smaller doses
of general anesthetics, and patients undergoing cardiac
surgery. They are equivocal regarding the use of these
monitors for patients undergoing cesarean delivery,
emergency surgery, trauma surgery, and total intrave-
nous anesthesia.

The consultants and ASA members disagree that a
brain electrical activity monitor is valuable and should be
used to assess intraoperative depth of anesthesia for all
patients. The consultants and ASA members disagree
with the statement that “a brain electrical activity mon-
itor is valuable and should be used to assess intraopera-
tive depth of anesthesia for no patient.” The consultants
agree that a brain electrical activity monitor should be
used to assess intraoperative depth of anesthesia for
selected patients. The ASA members agree with the use
of brain electrical activity monitors for patients with
conditions that may place them at risk and patients
requiring smaller doses of general anesthetics. They are
equivocal regarding the use of such monitors for patients
undergoing cardiac surgery, cesarean delivery, emer-
gency surgery, trauma surgery, and total intravenous
anesthesia.

Advisory. Intraoperative monitoring of depth of anes-
thesia, for the purpose of minimizing the occurrence of
awareness, should rely on multiple modalities, including
clinical techniques (e.g., checking for clinical signs such
as purposeful or reflex movement) and conventional
monitoring systems (e.g., electrocardiogram, blood pres-
sure, HR, end-tidal anesthetic analyzer, capnography).
The use of neuromuscular blocking drugs may mask
purposeful or reflex movements and adds additional
importance to the use of monitoring methods that assure
the adequate delivery of anesthesia.

Brain function monitors are dedicated to the assess-
ment of the effects of anesthetics on the brain and
provide information that correlates with some depth of
anesthesia indicators, such as plasma concentrations of
certain anesthetics (e.g., propofol). In general, the indi-
ces generated by these monitors vary in parallel with
other established correlates of depth of anesthesia, al-
though the values generated by individual devices in any
given anesthetic state differ among the various monitor-
ing technologies. In addition, the values generated by
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individual devices in the face of a given depth of anes-
thesia achieved by different combinations of anesthetic
drugs (e.g., with or without opioids) also differ. In other
words, a specific numerical value may not correlate with
a specific depth of anesthesia. Furthermore, the mea-
sured values do not have uniform sensitivity across dif-
ferent anesthetic drugs or types of patients. As with
other monitors, common occurrences in the operating
room may introduce artifacts into the values derived
by these monitors (e.g., electrocautery, lasers, warming
devices).

The general clinical applicability of these monitors in
the prevention of intraoperative awareness has not been
established. Although a single randomized clinical trial
reported a decrease in the frequency of awareness in
high-risk patients, there is insufficient evidence to justify
a standard, guideline, or absolute requirement that these
devices be used to reduce the occurrence of intraoper-
ative awareness in high-risk patients undergoing general
anesthesia. In addition, there is insufficient evidence to
justify a standard, guideline, or absolute requirement
that these devices be used to reduce the occurrence of
intraoperative awareness for any other group of patients
undergoing general anesthesia.

It is the consensus of the Task Force that brain func-
tion monitoring is not routinely indicated for patients
undergoing general anesthesia, either to reduce the fre-
quency of intraoperative awareness or to monitor depth
of anesthesia. This consensus is based, in part, on the
state of the literature and survey responses from the
consultants and ASA membership, who generally dis-
agree with the following statements: “Brain function
monitors are valuable and should be used to reduce the
risk of intraoperative awareness for all patients under
general anesthesia,” and “brain function monitors are
valuable and should be used when possible to assess
intraoperative depth of anesthesia for all patients under
general anesthesia” (appendix 2).

It is the consensus of the Task Force that the decision
to use a brain function monitor should be made on a
case-by-case basis by the individual practitioner for se-
lected patients (e.g., light anesthesia). This consensus is
based, in part, on the state of the literature and survey
response patterns from consultants and ASA members
regarding specific risk factors (appendix 2). The Task
Force cautions that maintaining low brain function mon-
itor values in an attempt to prevent intraoperative aware-
ness may conflict with other important anesthesia goals
(e.g., preservation of vital organ functions, minimizing
the risks of aggravating existing comorbidities152). It is
the opinion of the Task Force that brain function mon-
itors currently have the status of the many other moni-
toring modalities that are currently used in selected
situations at the discretion of individual clinicians.

IV. Intraoperative and Postoperative Interventions
Intraoperative and postoperative interventions include

(1) the intraoperative administration of benzodiazepines
to patients who may have become conscious, (2) pro-
viding a postoperative structured interview to patients
to define the nature of the episode after an episode of
intraoperative awareness has been reported, (3) provid-
ing a postoperative questionnaire to patients to define
the nature of the episode, and (4) offering postoperative
counseling or psychological support.

No studies were found that evaluated the efficacy of
the intraoperative administration of benzodiazepines to
patients who have unexpectedly become conscious in
reducing the occurrence of awareness. Two randomized
clinical trials examined retrograde amnesia by providing
pictures as stimuli to awake patients before administra-
tion of midazolam and induction of general anesthesia.
The studies reported no evidence of retrograde amne-
sia.41,42 However, these studies did not examine the
effect of administering a benzodiazepine to patients after
the apparent occurrence of consciousness during gen-
eral anesthesia.

Although several studies have applied structured inter-
views and questionnaires to obtain additional informa-
tion about reported incidences of intraoperative aware-
ness,4,11,26,28,153–157 no studies were found that
demonstrated improvements in patient well-being or
psychological state after such interactions. No studies
were found that followed up on the efficacy of counsel-
ing or psychological support provided to patients who
experienced a documented incidence of intraoperative
awareness.

The consultants are equivocal and ASA members agree
that benzodiazepines or scopolamine should be admin-
istered intraoperatively to prevent awareness after a pa-
tient has unexpectedly become conscious. The consult-
ants strongly agree and the ASA members agree that
once an episode of intraoperative awareness has been
reported, a structured interview should be conducted to
define the nature of the episode. Both the consultants
and ASA members are equivocal regarding whether a
questionnaire should be given to define the nature of the
episode. The consultants strongly agree and the ASA
members agree that in documented cases of intraopera-
tive awareness, patients should be offered counseling or
psychological support. Finally, the consultants strongly
agree and the ASA members agree that in documented
cases of intraoperative awareness, an occurrence report
regarding the event should be completed for the pur-
pose of quality management.

Advisory. The Task Force consensus is that the deci-
sion to administer a benzodiazepine intraoperatively af-
ter a patient unexpectedly becomes conscious should be
made on a case-by-case basis. This consensus is based, in
part, on the state of the literature and on responses from
the consultants and ASA members regarding the follow-

855PRACTICE ADVISORY

Anesthesiology, V 104, No 4, Apr 2006



ing statement: “Benzodiazepines or scopolamine should
be administered intraoperatively to prevent awareness
after a patient has unexpectedly become conscious.”
However, the Task Force believes that evidence from the
literature is not sufficient to provide guidance regarding
this issue. Finally, the Task Force cautions that the use of
scopolamine may result in unintended side effects (e.g.,
emergence delirium).

Practitioners should speak with patients who report
recall of intraoperative events to obtain details of the
event and to discuss possible reasons for its occur-
rence.§ A questionnaire or structured interview may be
used to obtain a detailed account of the patient’s expe-
rience. Once an episode of intraoperative awareness has
been reported, an occurrence report regarding the event
should be completed for the purpose of quality manage-
ment. Finally, the patient should be offered counseling
or psychological support.
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Appendix 1: Summary of Practice Advisory

Preoperative Evaluation

● Review patient medical records for potential risk factors
- Substance use or abuse
- Previous episode of intraoperative awareness
- History of difficult intubation or anticipated difficult intubation
- Chronic pain patients using high doses of opioids
- ASA physical status IV or V
- Limited hemodynamic reserve

● Interview patient
- Assess level of anxiety
- Obtain information regarding previous experiences with anesthe-

sia

● Determine other potential risk factors
- Cardiac surgery
- Cesarean delivery
- Trauma surgery
- Emergency surgery
- Reduced anesthetic doses in the presence of paralysis
- Planned use of muscle relaxants during the maintenance phase of

general anesthesia
- Planned use of nitrous oxide–opioid anesthesia

● Patients whom the individual clinician considers to be at substantially
increased risk of intraoperative awareness should be informed of the
possibility of intraoperative awareness when circumstances permit

Preinduction Phase of Anesthesia

● Adhere to a checklist protocol for anesthesia machines and equip-
ment to assure that the desired anesthetic drugs and doses will be
delivered

● Verify the proper functioning of intravenous access, infusion pumps,
and their connections, including the presence of appropriate back-
flow check valves

● The decision to administer a benzodiazepine prophylactically should
be made on a case-by-case basis for selected patients (e.g., patients
requiring smaller dosages of anesthetics)

Intraoperative Monitoring

● Use multiple modalities to monitor depth of anesthesia
- Clinical techniques (i.e., checking for purposeful or reflex move-

ment)
▪ Neuromuscular blocking drugs may mask purposeful or reflex

movement
- Conventional monitoring systems (e.g., electrocardiogram, blood

pressure, heart rate, end-tidal anesthetic analyzer, capnography)
- Brain function monitoring

▪ Not routinely indicated for general anesthesia patients
▪ The decision to use a brain function monitor should be made on

a case-by-case basis by the individual practitioner for selected
patients (e.g., light anesthesia)

Intraoperative and Postoperative Management

● The decision to administer a benzodiazepine intraoperatively after a
patient unexpectedly becomes conscious should be made on a case-
by-case basis

● Speak with patients who report recall of intraoperative events to
obtain details of the event and to discuss possible reasons for its
occurrence

● A questionnaire or structured interview may be used to obtain a
detailed account of the patient’s experience

● Once an episode of intraoperative awareness has been reported, an

occurrence report regarding the event should be completed for the
purpose of quality management

● Offer counseling or psychological support to those patients who
report an episode of intraoperative awareness

Appendix 2: Literature Review and
Consensus-based Evidence

For this Advisory, a literature review was used in combination with
opinions obtained from experts and other sources (e.g., professional
society members, open forums, Web-based postings) to provide guid-
ance to practitioners regarding intraoperative awareness. Both the
literature review and opinion data were based on evidence linkages,
consisting of directional statements about relationships between spe-
cific perioperative interventions and intraoperative awareness. The
evidence linkage interventions are listed below:

Preoperative Evaluation

● Focused history (i.e., medical records, patient interview, physical
examination)

● Patient characteristics associated with risk of awareness
● Procedures associated with higher risk of intraoperative awareness
● Anesthetic techniques associated with higher risk of intraoperative

awareness
● Informing patients of the possibility of intraoperative awareness

Preinduction Phase of Anesthesia

● Check anesthesia delivery systems to reduce errors
● Prophylactic administration of benzodiazepines as coanesthetics

Intraoperative Monitoring

● Commonly used clinical techniques
● Conventional monitoring systems
● Brain function monitors

- Spontaneous electrical activity (electroencephalograph/electro-
myograph)
▪ Bispectral Index
▪ Danmeter Cerebral State Monitor/Cerebral State Index
▪ Entropy
▪ Narcotrend®

▪ Patient state analyzer
▪ SNAP index

- Evoked electrical activity (auditory evoked potential monitoring)
▪ AEP Monitor/2

Intraoperative and Postoperative Interventions

● Intraoperative use of benzodiazepines for unexpected consciousness
● Structured interview of patients who report recall of intraoperative

events
● Questionnaire administered to patients who report recall of intraop-

erative events
● Patient counseling for patients who report recall of intraoperative

events

State of the Literature
A study or report that appears in the published literature is included

in the development of an advisory if the study (1) is related to one of
the specified linkage statements, (2) reports a finding or set of findings
that can be tallied or measured (e.g., articles that contain only opinion
are not included), and (3) is the product of an original investigation or
report (i.e., review articles or follow-up studies that summarize previ-
ous findings are not included).
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For the literature review, potentially relevant studies were identified
via electronic and manual searches of the literature. The electronic
search covered a 40-yr period from 1966 through 2005. The manual
search covered a 36-yr period of time from 1970 through 2005. More
than 1,500 citations were initially identified, yielding a total of 711
nonoverlapping articles that addressed topics related to the evidence
linkages and met our criteria for inclusion. After review of the articles,
389 studies did not provide direct evidence and were subsequently
eliminated. A total of 322 articles contained direct linkage-related
evidence. No evidence linkage contained enough studies with well-
defined experimental designs and statistical information to conduct a
quantitative analysis (i.e., meta-analysis).

Interobserver agreement among Task Force members and two meth-
odologists was established by interrater reliability testing. Agreement
levels using a � statistic for two-rater agreement pairs were as follows:
(1) type of study design, � � 0.60–0.85; (2) type of analysis, � �
0.60–0.93; (3) evidence linkage assignment, � � 0.77–0.88; and (4)
literature inclusion for database, � � 0.76–1.00. Three-rater chance-
corrected agreement values were (1) study design, Sav � 0.82, Var
(Sav) � 0.007; (2) type of analysis, Sav � 0.73, Var (Sav) � 0.008; (3)
linkage assignment, Sav � 0.69, Var (Sav) � 0.012; and (4) literature
database inclusion, Sav � 0.84, Var (Sav) � 0.014. These values
represent moderate to high levels of agreement.

The primary focus of this Advisory was to examine studies with
hypothesis-driven research designs, such as RCTs, that examined the
effect of an intervention (such as a brain function monitor) on reduc-
ing the occurrence or frequency of intraoperative awareness. To date,
only two randomized controlled trials were found that reported intra-
operative awareness as the primary study endpoint.55,56 Additional
controlled trials will be necessary before data from published literature
can be aggregated to provide a basis for quantitative evidence (i.e.,
meta-analysis).

Several other RCTs were reviewed that reported primary outcomes
other than intraoperative awareness, including emergence time, con-
sumption of anesthetic drugs, and recovery characteristics. In addition,
many other published studies applied non–hypothesis-driven research
designs to obtain noncausal or indirect data. For example, descriptive
literature (i.e., reports of frequency or incidence) may provide an
indication of the scope of the problem. Correlational or predictive data
provide information regarding the direction and strength of association
of values obtained from patient monitoring devices with other intra-
operative measures such as blood concentrations of anesthetic drugs,
time to loss of eyelash reflex, and time to awakening. Case reports are
typically used as a forum for reporting and recognizing unusual or
unintended benefits or harms. Often, case reports as well as descriptive
or correlational data provide useful hypotheses-generating information
that may stimulate additional causal examination of the topic of intra-
operative awareness.

Future studies should focus on prospective methodologies, when
possible, that use traditional hypothesis testing techniques. Use of the
following methodologic procedures for assessing the impact of inter-
ventions for intraoperative awareness is recommended: (1) compari-

son studies assessing the efficacy of one technique versus other tech-
niques; (2) random assignment to treatment groups with blinding if
appropriate; and (3) full reporting of sample size, effect size estimates,
test scores, measures of variability, and P values. The Task Force
recognizes that, because intraoperative awareness is a very-low-inci-
dence event, conducting such studies may be difficult and expensive.
The required sample size for a RCT to test the impact of an interven-
tion (e.g., brain function monitor) on the incidence of intraoperative
awareness is invariably large. The Task Force also recognizes that, with
low-incidence data, a difference in the recording of one or two cases
of intraoperative awareness can affect the statistical significance of
study findings.

Limiting the study to patient subgroups thought to have a higher risk
for intraoperative awareness (e.g., cardiac surgery, cesarean delivery,
emergency trauma surgery) may allow for a smaller sample size and
provide useful information regarding these subgroups. However, the
Task Force recognizes that the generalizability of these findings to the
larger population of general anesthesia patients may be limited.

Consensus-based Evidence
Consensus was obtained from multiple sources, including (1) survey

opinion from consultants who were selected based on their knowledge
or expertise in intraoperative awareness, (2) survey opinions from a
randomly selected sample of active members of the ASA, (3) testimony
from attendees of three open forums held at national anesthesia meet-
ings,� (4) Internet commentary, and (5) Task Force opinion and inter-
pretation. The survey rate of return was 60% (n � 57 of 95) for consultants
and 30% (n � 151/500) for the ASA membership. Survey results are
presented in the text of the document and in tables 1 and 2.

Ninety-one percent of the consultants and 72% of the ASA members
indicated that they had personally used a brain function device in the
past. Fifty-seven percent of the consultants indicated that they make
use in their current practice of a brain function device always (11.1%),
frequently (20.4%), or sometimes (25.9%). Thirty-six percent of the ASA
members indicated that they make use in their current practice of a brain
function device always (6.0%), frequently (13.4%), or sometimes (16.8%).

The consultants were also asked to indicate which, if any, of the
evidence linkages would change their clinical practices if the Advisory
was instituted. The rate of return was 18% (n � 17 of 95). The percent
of responding consultants expecting no change associated with each
linkage were as follows: preoperative evaluation—82%; informing pa-
tients of the possibility of intraoperative awareness—65%; check an-
esthesia delivery systems—94%; prophylactic use of benzodiazepines
as coenesthetics—100%; use of clinical techniques to monitor for
intraoperative awareness—94%; use of conventional monitoring sys-
tems to monitor for intraoperative awareness—100%; use of brain
function monitors to monitor for intraoperative awareness—59%; in-
traoperative use of benzodiazepines for unexpected consciousness—
100%; use of a structured interview for patients who report recall of
intraoperative events—41%; use of a questionnaire for patients who
report recall of intraoperative events—53%; and counseling for pa-
tients who report recall of intraoperative events—76%. Seventy-one
percent of the respondents indicated that the Advisory would have no
effect on the amount of time spent on a typical case. Four respondents
(24%) indicated that there would be an increase in the amount of time
they would spend on a typical case with the implementation of this
Advisory. The amount of increased time anticipated by these respon-
dents ranged from 1 to 20 min.

� Annual Meeting of the American Society of Anesthesiologists, Las Vegas,
Nevada, October 25, 2004; 79th Clinical and Scientific Congress of the Interna-
tional Anesthesia Research Society, Honolulu, Hawaii, March 12, 2005; and 52nd
Annual Meeting of the Association of University Anesthesiologists, Baltimore,
Maryland, May 6, 2005.
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Table 1. Consultant Survey Responses

Percent Responding to Each Item

n
Strongly
Agree Agree Uncertain Disagree

Strongly
Disagree

Preoperative evaluation
1. Helpful to identify patients at risk of intraoperative awareness 57 31.6 43.9* 7.0 10.5 7.0
2. A preoperative evaluation should include:

Review of medical records 48 41.7 45.8* 4.2 6.3 2.1
A physical examination 47 21.3 34.0* 17.0 25.5 2.1
A patient/family interview 48 39.6 35.4* 14.6 8.3 2.1

3. Potential patient risk factors:
Substance use or abuse 54 38.9 42.6* 5.6 13.0 0.0
Patient history of intraoperative awareness 55 52.7* 29.1 10.9 7.3 0.0
Limited hemodynamic reserve 54 38.9 40.7* 13.0 7.4 0.0
ASA status of IV or V 54 24.1 48.1* 20.4 7.1 0.0

4. Procedures/anesthetic techniques that may place a patient at
risk for intraoperative awareness:
Cesarean section under GA, cardiac surgery, trauma,

emergency surgery
57 75.4* 24.6 0.0 0.0 0.0

Planned use of reduced doses of anesthetics in the presence
of paralysis

56 66.1* 25.0 5.4 1.8 1.8

Planned use of muscle relaxants for maintenance 57 26.4 45.6* 8.8 17.5 1.8
Planned use of total intravenous anesthesia 57 10.5 33.3 24.6* 21.1 10.5
Planned use of volatile anesthetics 57 3.5 5.3 12.3 57.9* 21.1
Planned use of nitrous oxide–narcotic anesthesia 57 29.8 35.1* 14.0 19.3 1.8
Preoperative or intraoperative use of � blockers under GA 57 5.3 35.1 26.3* 29.8 3.5
Rapid-sequence induction 57 5.3 29.8 19.3* 42.1 3.5

5. All patients should be informed of the possibility of
intraoperative awareness

57 10.5 31.6 5.3 42.1* 10.5

6. Only patients considered to be at elevated risk of
intraoperative awareness should be informed of the
possibility of intraoperative awareness

40 17.5 60.0* 5.0 7.5 10.0

7. Informing the patient preoperatively of the risk of
intraoperative awareness increases the actual risk of
intraoperative awareness

53 3.8 5.7 30.2 35.8* 24.5

Preinduction activities
8. The functioning of anesthesia delivery systems should be

checked preoperatively to reduce the risk of intraoperative
awareness

57 77.2* 17.5 1.8 3.5 0.0

9. A benzodiazepine or scopolamine should be used as a
component of the anesthetic to reduce the risk of
intraoperative awareness:
For all patients under GA 54 7.4 24.1 1.9 33.3* 33.3
For no patients under GA 54 3.7 3.7 3.7 46.3* 42.6
For patients with conditions that may place them at risk for

intraoperative awareness
53 20.8 58.5* 7.5 7.5 5.7

For patients requiring smaller dosages of general anesthetics
(“light anesthesia”)

53 17.0 43.4* 11.3 20.8 7.5

For patients undergoing cardiac surgery 54 22.2 44.4* 11.1 16.7 5.6
For patients undergoing cesarean section under GA 54 7.4 29.6 20.4* 31.5 11.1
For patients undergoing emergency surgery under GA 53 15.1 30.2 20.8* 28.3 5.7
For patients undergoing trauma surgery under GA 54 16.7 35.2* 20.4 22.2 5.6
For patients undergoing total intravenous anesthesia 54 16.7 31.5 18.5* 24.1 9.3

Intraoperative monitoring
10. Commonly used clinical techniques (e.g., checking for

purposeful or reflex movement) are valuable and should be
used to detect intraoperative consciousness

53 18.9 47.2* 5.7 18.9 9.4

11. Conventional monitoring systems are valuable and should be
used to detect intraoperative consciousness

53 22.6 41.5* 5.7 24.5 5.7

12. Brain function monitors are valuable and should be used to
reduce the risk of intraoperative awareness:
For all patients under GA 57 7.0 21.1 19.3 15.8* 36.8
For no patients under GA 56 3.6 7.1 14.3 35.7* 39.3
For patients with conditions that may place them at risk for

intraoperative awareness
57 36.8 26.3* 14.0 14.0 8.8

For patients requiring smaller dosages of general anesthetics
(“light anesthesia”)

56 26.8 32.1* 14.3 19.6 7.1

(Table continues)
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Table 1. (Continued)

Percent Responding to Each Item

n
Strongly
Agree Agree Uncertain Disagree

Strongly
Disagree

For patients undergoing cardiac surgery 57 28.1 21.1 26.3* 14.0 10.5
For patients undergoing cesarean section under GA 57 31.6 21.1* 21.1 17.5 8.8
For patients undergoing emergency surgery under GA 57 21.1 28.1 24.6* 17.5 8.8
For patients undergoing trauma surgery under GA 57 26.3 24.6* 24.6 15.8 8.8
For patients undergoing total intravenous anesthesia 56 16.1 39.3* 23.2 14.3 7.1

13. Brain function monitors are valuable and should be used
when possible to assess intraoperative depth of anesthesia:
For all patients under GA 56 12.5 21.4 10.7 14.3* 41.1
For no patients under GA 54 9.3 5.6 9.3 37.0* 38.9
For patients with conditions that may place them at risk for

intraoperative awareness
56 33.9 30.4* 8.9 14.3 12.5

For patients requiring smaller dosages of general anesthetics
(“light anesthesia”)

56 28.6 35.7* 10.7 10.7 14.3

For patients undergoing cardiac surgery 56 26.8 28.6* 16.1 14.3 14.3
For patients undergoing cesarean section under GA 56 28.6 32.1* 12.5 12.5 14.3
For patients undergoing emergency surgery under GA 57 21.1 36.8* 10.5 17.5 14.0
For patients undergoing trauma surgery under GA 57 22.8 38.6* 10.5 14.0 14.0
For patients undergoing total intravenous anesthesia 57 26.3 35.1* 17.5 8.8 12.3

Intraoperative and postoperative interventions
14. Benzodiazepines or scopolamine should be administered

intraoperatively to prevent awareness after a patient has
unexpectedly become conscious

57 21.1 26.3 15.8* 21.1 15.8

15. Once an episode of intraoperative awareness has been
reported, a structured interview should be conducted to
define the nature of the episode

57 63.2* 31.5 1.8 0.0 0.0

16. Once an episode of intraoperative awareness has been
reported, a questionnaire should be given to define the
nature of the episode

57 10.5 19.3 36.8* 28.1 5.3

17. Once an episode of intraoperative awareness has been
reported and documented, the patient should be offered
counseling or psychological support

56 69.6* 25.0 5.4 0.0 0.0

18. Once an episode of intraoperative awareness has been
reported, an occurrence report regarding the event should be
completed for the purpose of quality management

57 54.4* 40.4 0.0 5.3 0.0

An asterisk beside a percentage score indicates the median.

ASA � American Society of Anesthesiologists; GA � general anesthesia; n � number of consultants who responded to each item.
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Table 2. ASA Member Survey Responses

Percent Responding to Each Item

n
Strongly
Agree Agree Uncertain Disagree

Strongly
Disagree

Preoperative evaluation
1. Helpful to identify patients at risk of intraoperative awareness 146 27.4 46.6* 14.4 10.3 1.4
2. A preoperative evaluation should include:

Review of medical records 121 38.8 47.9* 7.4 5.0 0.8
A physical examination 118 23.7 37.3* 18.6 17.8 2.5
A patient/family interview 121 46.3 43.0* 6.6 3.3 0.8

3. Potential patient risk factors:
Substance use or abuse 147 31.3 44.2* 16.3 6.8 1.4
Patient history of intraoperative awareness 146 45.2 31.5* 11.0 11.6 0.7
Limited hemodynamic reserve 145 46.3 38.6* 6.9 6.9 1.4
ASA status of IV or V 145 33.1 40.7* 11.0 13.1 2.1

4. Procedures/anesthetic techniques that may place a patient at
risk for intraoperative awareness:
Cesarean section under GA, cardiac surgery, trauma,

emergency surgery
151 70.2* 27.2 0.7 1.3 0.7

Planned use of reduced doses of anesthetics in the presence
of paralysis

148 48.6 44.6* 4.1 2.7 0.0

Planned use of muscle relaxants for maintenance 147 21.1 34.7* 16.3 26.5 1.4
Planned use of total intravenous anesthesia 146 13.0 26.7 24.0* 32.2 4.1
Planned use of volatile anesthetics 148 0.7 10.1 10.1 63.5* 15.5
Planned use of nitrous oxide–narcotic anesthesia 147 11.6 46.9* 18.4 19.7 3.4
Preoperative or intraoperative use of � blockers under GA 148 4.7 31.1 23.0* 36.5 4.7
Rapid-sequence induction 148 3.4 31.1 18.9* 41.9 4.7

5. All patients should be informed of the possibility of
intraoperative awareness

147 15.0 28.6 10.9* 40.1 5.4

6. Only patients considered to be at elevated risk of
intraoperative awareness should be informed of the possibility
of intraoperative awareness

112 17.0 49.1* 7.1 21.4 5.4

7. Informing the patient preoperatively of the risk of
intraoperative awareness increases the actual risk of
intraoperative awareness

147 2.7 10.9 33.3 38.8* 14.3

Preinduction activities
8. The functioning of anesthesia delivery systems should be

checked preoperatively to reduce the risk of intraoperative
awareness

148 60.8* 37.8 0.7 0.7 0.0

9. A benzodiazepine or scopolamine should be used as a
component of the anesthetic to reduce the risk of
intraoperative awareness:
For all patients under GA 150 15.3 34.0 6.0* 30.7 14.0
For no patients under GA 144 0.7 2.8 3.5 50.7* 42.4
For patients with conditions that may place them at risk for

intraoperative awareness
148 37.8 56.1* 3.4 2.7 0.0

For patients requiring smaller dosages of general anesthetics
(“light anesthesia”)

150 31.3 60.7* 4.7 3.3 0.0

For patients undergoing cardiac surgery 147 39.5 48.3* 9.5 2.7 0.0
For patients undergoing cesarean section under GA 151 13.2 23.2 27.8* 28.5 7.3
For patients undergoing emergency surgery under GA 151 21.1 42.4* 21.9 13.9 0.7
For patients undergoing trauma surgery under GA 150 24.0 44.7* 22.7 8.7 0.0
For patients undergoing total intravenous anesthesia 150 23.3 48.0* 14.0 12.7 2.0

Intraoperative monitoring
10. Commonly used clinical techniques (e.g., checking for

purposeful or reflex movement) are valuable and should be
used to detect intraoperative consciousness

151 10.6 50.3* 21.2 13.9 4.0

11. Conventional monitoring systems are valuable and should be
used to detect intraoperative consciousness

150 20.7 56.7* 9.3 10.7 2.7

12. Brain function monitors are valuable and should be used to
reduce the risk of intraoperative awareness:
For all patients under GA 149 10.7 10.7 16.1 37.6* 24.8
For no patients under GA 146 2.7 3.4 24.7 44.5* 24.7
For patients with conditions that may place them at risk for

intraoperative awareness
147 21.1 48.3* 19.0 10.2 1.4

For patients requiring smaller dosages of general anesthetics
(“light anesthesia”)

147 19.7 38.8* 24.5 13.6 3.4

(Table continues)
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Table 2. (Continued)

Percent Responding to Each Item

n
Strongly
Agree Agree Uncertain Disagree

Strongly
Disagree

For patients undergoing cardiac surgery 148 20.3 33.8* 30.4 12.2 3.4
For patients undergoing cesarean section under GA 148 12.8 34.5 25.0* 23.0 4.7
For patients undergoing emergency surgery under GA 146 17.8 26.0 28.8* 24.0 3.4
For patients undergoing trauma surgery under GA 148 18.9 29.7 28.4* 19.6 3.4
For patients undergoing total intravenous anesthesia 148 13.5 35.1 25.7* 20.3 5.4

13. Brain function monitors are valuable and should be used
when possible to assess intraoperative depth of anesthesia:
For all patients under GA 150 12.0 9.3 16.0 30.7* 32.0
For no patients under GA 147 2.7 4.8 24.5 41.5* 26.5
For patients with conditions that may place them at risk for

intraoperative awareness
148 20.3 43.2* 20.9 10.8 4.7

For patients requiring smaller dosages of general anesthetics
(“light anesthesia”)

149 20.1 37.6* 20.8 15.4 6.0

For patients undergoing cardiac surgery 149 20.1 27.5 28.2* 19.5 4.7
For patients undergoing cesarean section under GA 149 13.4 30.2 22.8* 26.2 7.4
For patients undergoing emergency surgery under GA 149 14.8 26.8 24.8* 26.8 5.4
For patients undergoing trauma surgery under GA 149 16.1 28.9 25.5* 24.2 5.4
For patients undergoing total intravenous anesthesia 149 15.4 32.9 24.8* 20.1 6.7

Intraoperative and postoperative interventions
14. Benzodiazepines or scopolamine should be administered

intraoperatively to prevent awareness after a patient has
unexpectedly become conscious

151 33.1 49.7* 9.9 7.3 0.0

15. Once an episode of intraoperative awareness has been
reported, a structured interview should be conducted to
define the nature of the episode

151 49.0 43.0* 7.3 0.7 0.0

16. Once an episode of intraoperative awareness has been
reported, a questionnaire should be given to define the nature
of the episode

151 19.9 21.9 38.4* 18.5 1.3

17. Once an episode of intraoperative awareness has been
reported and documented, the patient should be offered
counseling or psychological support

151 44.4 39.1* 14.6 1.3 0.7

18. Once an episode of intraoperative awareness has been
reported, an occurrence report regarding the event should be
completed for the purpose of quality management

151 47.7 41.1* 9.3 1.3 0.7

An asterisk beside a percentage score indicates the median.

ASA � American Society of Anesthesiologists; GA � general anesthesia; n � number of consultants who responded to each item.
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