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General Anesthesia — Minding the Mind during Surgery
Gregory Crosby, M.D.

William Morton’s demonstration of the use of 
ether in 1846 was powerful in part because the 
patient had no memory of the procedure; nowa-
days, patients expect to have amnesia with gen-
eral anesthesia. But conscious awareness — the 
ability to remember and explicitly recall events 
that transpire during surgery — still occurs on 
occasion, sometimes with devastating psycho-
logical consequences. The easy explanation is that 
awareness is due to underdosing of the anesthetic 
agent. This explanation provides a sense of con-
trol and a ready fix (administer more anesthesia) 
but conveniently overlooks a secret: the state of 
consciousness is typically not monitored directly 
during general anesthesia. There simply is no ac-
cepted way to do it.

In this issue of the Journal, Avidan et al.1 have 
addressed this in a large, prospective, multi-
center study involving patients at high risk for 
intraoperative awareness owing to preexisting 
illness or the nature of the surgery. Subjects 
were randomly assigned to the management of 
anesthesia by means of the monitoring of end-
tidal anesthetic-agent concentration (ETAC) or 
with the use of an electroencephalogram (EEG)-
derived, commercially available depth-of-anesthe-
sia monitor. The former, which is the standard 
method, measures exhaled volatile agent as a 
correlate of brain concentration; the latter reduc-
es raw EEG data to a unitless bispectral index 
(BIS) that ranges from 100 (awake) to 0 (isoelec-
tric EEG). Alerts were triggered when the ETAC 
or BIS values were outside the ranges that were 
considered to be adequate for surgical anesthe-
sia (0.7 to 1.3 age-adjusted minimum alveolar 
concentration in the case of ETAC and 40 to 60 
in the case of the BIS). Depth-of-anesthesia mon-
itors are controversial, largely because they per-

form poorly under some conditions, and data on 
their ability to prevent awareness are conflict-
ing.2,3 The results of the study by Avidan et al. 
add important new information to the debate. 
Despite arguably optimal management, definite 
or possible awareness occurred in 0.47% of the 
patients, and as compared with ETAC monitor-
ing, the depth-of-anesthesia monitor conferred 
no benefit. Moreover, 41% of the cases of aware-
ness occurred when the ETAC or BIS values were 
in the target ranges. Thus, although a combined 
ETAC and BIS protocol was not tested, intraoper-
ative awareness was not entirely preventable with 
either monitoring method.

These findings are disappointing but not sur-
prising. The key variables — consciousness, 
memory, and general anesthesia — are obscure, 
and tools to assess them intraoperatively are ru-
dimentary. The nature of consciousness is a 
metaphysical problem that has challenged philos-
ophers for centuries and neuroscientists for de-
cades.4 Memory, a prerequisite for explicit recall, 
is similarly complicated,5 and agents that are 
used to produce general anesthesia have varied 
receptor profiles, actions on neural networks, 
and ways of producing amnesia.6,7 As such, gen-
eral anesthesia is not a single phenotype, and 
there is little wonder that the neurobiology of the 
state is poorly understood. Yet amid this com-
plexity, brain functioning is judged clinically 
much as it was 165 years ago, with the use of 
bodily signs and responses (e.g., blood pressure, 
heart rate, and movement) that are, at best, 
loosely related to higher brain function. The as-
tonishing thing is not that awareness occurs but 
that it occurs so infrequently.

Having found no benefit from processed EEG 
monitoring, the investigators imply that an ETAC-
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based protocol, complete with alarms and a 
checklist, is the way forward.1 This inference is 
premature. Without an unmonitored control 
group, there is no proof that ETAC is superior 
to doing nothing special. Simply drawing atten-
tion to the possibility of awareness, as was done 
in both groups with a sign on the anesthesia 
machine, might be equivalent. Nor is ETAC feasi-
ble when only intravenous medications are used 
for anesthesia, which is now common practice. 
ETAC targets may also be unwise. Even low doses 
of volatile agents can produce hypotension, po-
tentially exposing the sickest patients to unnec-
essary cardiovascular and cerebrovascular risk. 
In addition, ETAC puts the focus on the dose 
that is administered, not on the response of the 
brain. Applying similar logic to the cardiovascu-
lar system would mean administering predeter-
mined doses of anesthetic agents without mea-
suring blood pressure. Finally, basing ETAC 
ranges on age disregards the fact that chrono-
logic age is a poor proxy for cognitive function, 
particularly among seniors, who constitute a 
large percentage of surgical patients and often 
have subclinical cerebral pathologic conditions 
or preexisting cognitive impairment.8 Thus, an 
ETAC protocol may inadvertently result in over-
dosing of the brain in cognitively vulnerable 
persons. This is worrisome because deep seda-
tion is associated with a higher incidence of post-
operative delirium, other adverse cognitive out-
comes, and increased mortality in elderly surgical 
and critically ill patients.9,10 Association does not 
prove causation, but in some cases, too much 
anesthesia or sedation may be as undesirable as 
too little.

Monitors are meant to supplement, not sup-
plant, clinical decision making, and depth-of-anes-
thesia monitors that reduce complex neurobiology 
to simple numbers are no exception. It is unrea-
sonable to expect any such monitor to unfailingly 
detect conscious awareness — a specific and still 

mysterious property of the brain and mind — and 
neither patients nor physicians should think other-
wise. Notwithstanding this and other weaknesses 
of current devices, a window into the anesthe-
tized brain, albeit a foggy one, may still be useful, 
in conjunction with information from other mon-
itors, in operating rooms, endoscopy suites, and 
critical care units as a generic, all-purpose index 
of the brain’s response� to powerfully sedating 
drugs. Whether these devices add value in this 
way remains to be seen, but when minding the 
mind during sedation and general anesthesia, a 
little insight into how the brain is reacting is apt 
to be better than none, especially if it challenges 
historical ways of gauging anesthetic depth and 
catalyzes the search for something better.

Disclosure forms provided by the author are available with the 
full text of this article at NEJM.org.

From the Department of Anesthesiology, Perioperative and Pain 
Medicine, Brigham and Women’s Hospital, Boston.
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Hamartoma Syndromes, Exome Sequencing, 
and a Protean Puzzle

John M. Opitz, M.D., and Lynn B. Jorde, Ph.D.

Gross malformations have been well known for 
centuries, even millennia. However, it was not 
until 1904 that Albrecht coined the concept of 

hamartoma. In 1934, the concept entered the 
field of developmental pathology generally in 
reference to tissue malformations. Hamartomata 
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Background
Unintended intraoperative awareness, which occurs when general anesthesia is not 
achieved or maintained, affects up to 1% of patients at high risk for this complication. 
We tested the hypothesis that a protocol incorporating the electroencephalogram-
derived bispectral index (BIS) is superior to a protocol incorporating standard monitor-
ing of end-tidal anesthetic-agent concentration (ETAC) for the prevention of awareness.

Methods
We conducted a prospective, randomized, evaluator-blinded trial at three medical cen-
ters. We randomly assigned 6041 patients at high risk for awareness to BIS-guided an-
esthesia (with an audible alert if the BIS value was <40 or >60, on a scale of 0 to 100, 
with 0 indicating the suppression of detectable brain electrical activity and 100 indi-
cating the awake state) or ETAC-guided anesthesia (with an audible alert if the ETAC was 
<0.7 or >1.3 minimum alveolar concentration). In addition to audible alerts, the pro-
tocols included structured education and checklists. Superiority of the BIS protocol was 
assessed with the use of a one-sided Fisher’s exact test.

Results
A total of 7 of 2861 patients (0.24%) in the BIS group, as compared with 2 of 2852 
(0.07%) in the ETAC group, who were interviewed postoperatively had definite intra-
operative awareness (a difference of 0.17 percentage points; 95% confidence interval 
[CI], −0.03 to 0.38; P = 0.98). Thus, the superiority of the BIS protocol was not demon-
strated. A total of 19 cases of definite or possible intraoperative awareness (0.66%) 
occurred in the BIS group, as compared with 8 (0.28%) in the ETAC group (a differ-
ence of 0.38 percentage points; 95% CI, 0.03 to 0.74; P = 0.99), with the superiority of 
the BIS protocol again not demonstrated. There was no difference between the groups 
with respect to the amount of anesthesia administered or the rate of major postop-
erative adverse outcomes.

Conclusions
The superiority of the BIS protocol was not established; contrary to expectations, 
fewer patients in the ETAC group than in the BIS group experienced awareness. 
(Funded by the Foundation for Anesthesia Education and Research and others; 
BAG-RECALL ClinicalTrials.gov number, NCT00682825.)
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Unintended intraoperative aware-
ness is defined as the experience and ex-
plicit recall of sensory perceptions during 

surgery,1 which can lead to post-traumatic stress 
disorder in as many as 70% of those who experi-
ence it.2 In patients at high risk for intraoperative 
awareness, the incidence of awareness may ap-
proach 1%.3-5 An estimated 20,000 to 40,000 pa-
tients experience awareness yearly in the United 
States alone.1 Some cases of awareness might oc-
cur as a result of inadequate anesthetic dosing6 and 
therefore constitute potentially preventable medi-
cal errors.7

A potent inhaled anesthetic agent is incorpo-
rated in the majority of general anesthetics, and 
concentrations of exhaled anesthetic are routinely 
measured.8 The minimum alveolar concentration 
(MAC) is the concentration of anesthesia required 
to prevent 50% of subjects from moving in re-
sponse to a noxious surgical stimulus.9 When the 
end-tidal anesthetic-agent concentration (ETAC) is 
approximately 0.33 MAC, 50% of subjects do not 
respond appropriately to oral commands,9 and 
maintaining the ETAC at greater than 0.7 MAC 
during surgery is thought to decrease the inci-
dence of awareness.10,11

Candidate depth-of-anesthesia monitors based 
on electroencephalographic data have been devel-
oped, partly with the aim of preventing awareness. 
The most widely used is the bispectral index (BIS) 
monitor (Covidien), which processes a single fron-
tal electroencephalographic signal with the use of 
a proprietary algorithm to calculate a dimension-
less number that is intended to indicate the pa-
tient’s level of consciousness. BIS values range 
from 0, indicating the suppression of detectable 
brain electrical activity, to 100, indicating the 
awake state. A target range between 40 and 60 has 
been advocated both to prevent awareness and to 
reduce the dose of anesthetic agent that has to be 
administered.12

Simple, but rigorous, protocol-based interven-
tions can decrease perioperative complications and 
death.13-15 The incorporation of information tech-
nology into structured protocols to provide support 
for clinical decision making could improve patient 
safety and prevent medical errors.16 The adoption 
of technologic advances should be driven first by a 
compelling demonstration of clinical benefit and 
second by evidence of cost-effectiveness.17-20 

The B-Aware trial, involving 2500 patients, 
showed that administration of anesthesia with 
the use of a BIS protocol, as compared with stan-

dard anesthetic practice, decreased the incidence 
of intraoperative awareness by 0.74 percentage 
points (95% confidence interval [CI], 0.14 to 1.40) 
among patients at high risk for this complication.5 
The B-Unaware trial (ClinicalTrials.gov number, 
NCT00281489) showed a reduction of 0 percentage 
points (95% CI, −0.56 to 0.57) in the incidence of 
awareness with a BIS protocol, as compared with 
an ETAC protocol.11 The B-Unaware trial also 
showed that the BIS protocol was not associated 
with a reduction in the amount of anesthesia ad-
ministered or in postoperative mortality.11,21,22 
Both protocols in the B-Unaware trial resulted in 
an incidence of awareness in high-risk patients that 
was lower than the predicted incidence (0.2% with 
both protocols vs. 1.0% predicted). However, the 
B-Unaware trial had important limitations. Most 
important, with 1941 patients, the confidence in-
terval for the reduction in awareness was wide and 
did not rule out a clinically significant benefit 
(0.56 percentage points) attributable to BIS mon-
itoring. Furthermore, the trial was conducted at 
a single center. We therefore designed the three-
center, international BIS or Anesthetic Gas to 
Reduce Explicit Recall (BAG-RECALL) trial23 to 
investigate whether a structured BIS protocol 
was superior to a structured ETAC protocol in de-
creasing the incidence of intraoperative awareness 
among patients at high risk for this complication.

Me thods

Study Oversight
We conducted the study at three medical centers. 
A detailed description of the experimental protocol 
for the BAG-RECALL study has been published pre-
viously.23 The human studies committees at Wash-
ington University in St. Louis, University of Chi-
cago, and University of Manitoba approved the 
study. The guidelines of the Consolidated Stan-
dards of Reporting Trials were followed in the con-
duct of the study and the reporting of results.24-26 
The study was designed, the data were collected 
and analyzed, and the manuscript was prepared 
exclusively by the study investigators, all of whom 
made the decision to submit the manuscript for 
publication and vouch for the accuracy and com-
pleteness of the data and the analyses, as well as 
the adherence of this report to the study protocol.

Patients
Patients 18 years of age or older who were under-
going elective surgery were evaluated for eligibil-
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ity. Patients were eligible if they were at high risk 
for intraoperative awareness and were undergoing 
general anesthesia with isoflurane, sevoflurane, or 
desflurane. The criteria for identifying patients at 
high risk for awareness were based on previous 
studies, reviews, and guidelines.5,6,11,27 Patients at 
high risk were defined as those with at least one 
risk factor (Table 1). Patients who had dementia, 
who were unable to provide written informed con-
sent, or who had a history of stroke with residual 
neurologic deficits were excluded.

Study Design
In this prospective study, 6100 prerandomization 
designations were generated electronically in blocks 
of 100, divided equally between the groups. Labels 
indicating BIS group or ETAC group were sealed 
in opaque, numbered envelopes. Eligible patients 
underwent randomization after providing written 
informed consent. The anesthesia practitioners 
were aware of the patients’ group assignments, but 
the patients, the postoperative interviewers, the 
expert reviewers, and the statistician were not.

Procedures
A BIS Quatro (Covidien) sensor was applied to 
the forehead of each patient. Patients in the ETAC 
group had monitors configured to conceal the BIS 
number, so the anesthesia practitioners were un-
aware of the BIS values. The practitioners in both 
groups could view the ETAC. Summaries of the BIS 
and ETAC protocols24 were given to the practitio-
ners to provide education and to increase adherence 
to the protocol.

In the BIS group, an audible alarm was set to 
indicate when the BIS value exceeded 60 or fell 
below 40; no ETAC alarms were set in the BIS 
group, nor was there any recommendation to 
maintain the ETAC within any specific range. In 
the ETAC group, an audible alarm was set to in-
dicate when the ETAC fell below 0.7 or exceeded 
1.3 age-adjusted MAC.9,28 In the event that alarm 
settings were unavailable for ETAC, alarms were 
set for inspired anesthetic agents. During cardio-
pulmonary bypass, the concentration of anes-
thetic agent was measured from the effluent of the 
cardiopulmonary-bypass machine.29 A sign was 
affixed to the anesthesia machines reminding 
practitioners to check the BIS value or the ETAC 
and to consider whether the patient might be 
aware. It was not the intention of the BIS and 
ETAC protocols to prescribe or restrict the use of 
anesthetic agents.23 For example, practitioners 

could decrease anesthetic administration at their 
discretion if a patient’s condition was hemody-
namically unstable, which itself can increase the 
risk of awareness. The protocols were designed to 
increase vigilance and to provide warnings that 
patients might be aware. BIS values and ETACs 
were recorded at minimum intervals of 1 minute 
by means of an electronic recording of anesthe-
sia data with the use of MetaVision software 
(iMDsoft), by direct electronic transfer of data to 
Microsoft Excel (Microsoft), or by direct electronic 
transfer of data with the use of TrendFace Solo 
software (ixellence). Manual records of anesthesia 
and digital photographs of monitor trends were 
used as alternative sources of data in the rare in-
stances that the computer data or the electronic 
anesthesia records were incomplete.

Intraoperative awareness was assessed with the 
use of a modified Brice questionnaire.23,30 Patients 
were evaluated within 72 hours after surgery and 
at 30 days after extubation. Patients who, at either 
interview, reported memories of the period be-
tween “going to sleep” and “waking up” were 
contacted by a different evaluator, who asked ad-
ditional structured questions.23 Every patient who 
reported such memories was offered referral to 
a psychologist. After all the patients completed 
the study, three experts independently reviewed 
the responses to the questionnaire from patients 
who had reported memories and determined 
whether the reported event involved definite 
awareness, possible awareness, or no awareness. 
The experts assigned each event of definite or 
possible awareness to one of the categories of the 
Michigan Awareness Classification Instrument.31 
The same committee also reviewed awareness 
events for the Michigan Awareness Control Study 
(NCT 006 8 9 091).32 In the event of a divergence of 
opinion, a fourth expert reviewer, who reviews 
cases for the Anesthesia Awareness Registry of the 
American Society of Anesthesiologists, made the 
final determination.

Statistical Analysis
The primary outcome measure was the incidence 
of intraoperative awareness in the BIS and ETAC 
groups.23 We based our projected estimates of the 
incidence of awareness among high-risk patients 
on the results of the B-Aware and the B-Unaware 
trials.5,11 The null hypothesis was that the BIS pro-
tocol is not superior to the ETAC protocol in pre-
venting intraoperative awareness. The alternative 
hypothesis was that the BIS protocol is superior 
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in preventing intraoperative awareness. We esti-
mated that with 6000 patients, the study would 
have 87% power to detect a clinically significant 

reduction of 0.4 percentage points in the incidence 
of definite awareness with the BIS protocol, as 
compared with the ETAC protocol (from 0.5% in 

Table 1. Baseline Characteristics of the Patients and Inclusion Criteria Met by Them.*

Variable
BIS Group
(N = 2861)

ETAC Group
(N = 2852) P Value†

Age — yr 60±14.2 61±14.4 0.20

Male sex — no. (%) 1621 (56.7) 1679 (58.9) 0.09

Body-mass index‡ 30±8.4 30±8.3 0.72

Race — no. (%)§ 0.85

White 2405 (84.1) 2388 (83.7)

Black 357 (12.5) 369 (12.9)

Other 99 (3.5) 95 (3.3)

ASA physical status — no. (%)¶ 0.08

1 23 (0.8) 19 (0.7)

2 468 (16.4) 407 (14.3)

3 1416 (49.5) 1407 (49.3)

4 954 (33.3) 1019 (35.7)

Inclusion criteria met — no. of patients (%)∥

Planned open-heart surgery 1004 (35.1) 1037 (36.4) 0.32

Aortic stenosis 260 (9.1) 261 (9.2) 0.94

Pulmonary hypertension 132 (4.6) 135 (4.7) 0.83

Use of opiates 725 (25.3) 741 (26.0) 0.58

Use of benzodiazepines 458 (16.0) 441 (15.5) 0.57

Use of anticonvulsant drugs 231 (8.1) 192 (6.7) 0.05

Daily alcohol consumption 464 (16.2) 423 (14.8) 0.15

ASA status 4 954 (33.3) 1019 (35.7) 0.06

End-stage lung disease 59 (2.1) 57 (2.0) 0.87

History of intraoperative awareness 50 (1.7) 41 (1.4) 0.35

History of or anticipated difficult intubation 234 (8.2) 235 (8.2) 0.93

Cardiac ejection fraction <40% 235 (8.2) 276 (9.7) 0.05

Marginal exercise tolerance 1297 (45.3) 1353 (47.4) 0.11

Composite no. of inclusion criteria met 0.30

Median 2 2

Interquartile range 1–3 1–3

Composite no. of preexisting medical conditions 0.04

Median 2 2

Interquartile range 1–3 1–3

* Plus–minus values are means ±SD. BIS denotes bispectral index, and ETAC end-tidal anesthetic-agent concentration.
† P values were calculated with the use of Fisher’s exact test or the chi-square test with Yates’ correction for categorical 

variables. For differences between means, P values were calculated with the unpaired Student’s t-test. For differences 
between medians, P values were calculated with the Mann–Whitney U test.

‡ The body-mass index is the weight in kilograms divided by the square of the height in meters.
§ Race was determined on the basis of information in the medical records.
¶ The American Society of Anesthesiologists (ASA) physical status classification system is used to assess a patient’s 

physical status before surgery. A score of 1 indicates a normal, healthy patient; 2, a patient with mild systemic disease;  
3, a patient with severe systemic disease; and 4, a patient with severe systemic disease that is a constant threat to life.

∥� A patient could have more than one inclusion criterion.
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the ETAC group to 0.1% in the BIS group), at a 
one-tailed alpha level of 0.05, with the use of 
Fisher’s exact test. As a prespecified secondary 
analysis, we planned to use a one-sided Fisher’s 
exact test to determine whether there was a lower 
incidence of definite or possible awareness in the 
BIS group than in the ETAC group.23 As a post hoc 
secondary analysis, we used Fisher’s exact test to 
determine whether there was a lower incidence 
in the BIS group of awareness that caused distress. 
A chi-square test, Fisher’s exact test, unpaired 
Mann–Whitney U test, or unpaired Student’s t-test 
was used, as appropriate, for other comparisons. 
A modified intention-to-treat analysis was per-
formed, which included all patients who underwent 
randomization and who were assessed for intra-
operative awareness. Other than the assessments 
of awareness events, all significance testing was 
two-sided, and P values of less than 0.05 were 
considered to indicate statistical significance. The 
statistical analysis was performed with the use 
of the R statistical software package, version 2.13.0 
(R Foundation for Statistical Computing) and Ana-
lyze-it software, version 2.11 (Analyze-it Software).

R esult s

Patients
Of an estimated 49,000 patients who were screened, 
6041 were enrolled over the course of a 25-month 
period, from May 2008 through May 2010. A total 
of 5809 patients were included in the trial, of whom 
5713 (98.3%) completed at least one postoperative 
interview and were included in the primary out-
come analysis (Fig. 1). A total of 5413 patients 
(93.2%) completed the postoperative interviews at 
both times — within 72 hours after surgery and at 
30 days after extubation. All the patients were treat-
ed with the protocol to which they had been ran-
domly assigned. In the case of 6 patients in the 
ETAC group, practitioners were aware of BIS values 
for part of the time during the surgery. Table 1 
shows the baseline characteristics of the patients 
and their risk factors for awareness.

Intraoperative Awareness
In total, 49 patients, including patients from all 
three enrollment sites, reported having memories 
of the period between “going to sleep” and “waking 
up” at the end of surgery. Experts determined that 
9 patients had definite intraoperative awareness 
(incidence, 0.16%; 95% CI, 0.08 to 0.30), and 27 
patients had definite or possible awareness (inci-

dence, 0.47%; 95% CI, 0.32 to 0.68). There were 
fewer cases of awareness in the ETAC group than in 
the BIS group, which was contrary to the expected 
result (i.e., contrary to the alternative hypothesis of 
the trial). The grading of awareness events accord-
ing to the Michigan Awareness Classification In-
strument31 is shown in Table 2. The comparisons 
of the frequency of awareness events between the 
BIS group and the ETAC group are shown in Table 
3. Additional information about awareness expe-
riences is provided in the Supplementary Appen-
dix, available with the full text of this article at 
NEJM.org.

Table 4 shows the characteristics of patients 
who had definite or possible awareness, as com-
pared with the rest of the patients in the study. 
Patients who experienced awareness, as compared 
with patients who did not, met a median of one 
additional inclusion criterion and had a median of 
one additional preexisting medical condition. A 
total of 5 of the 9 patients who experienced defi-
nite awareness and 6 of the 18 patients who ex-
perienced possible awareness did not have either 
BIS values of greater than 60 or ETAC values of less 
than 0.7 age-adjusted MAC. Overall, during the 
maintenance of anesthesia, the BIS was less than 
60 a median of 94.0% of the time (interquartile 
range, 93.6 to 100), and the ETAC was greater than 
0.7 age-adjusted MAC a median of 84.8% of the 
time (interquartile range, 67.2 to 95.3).

There were no important differences between 
the groups in the doses of sedative, hypnotic, opi-
oid analgesic, or neuromuscular-blocking drugs 
administered. Specifically, midazolam was admin-
istered to 80.8% of the patients in the BIS group 
and to 79.7% of the patients in the ETAC group. 
During maintenance of anesthesia, the median 
ETAC in the ETAC group and in the BIS group was 
0.9 age-adjusted MAC (interquartile range, 0.8 to 
1.0), and the median BIS in both groups was  
41 (interquartile range, 38 to 45). The median 
ETAC values were similar at the three study sites 
(0.8 age-adjusted MAC in Chicago, 0.9 age-adjusted 
MAC in St. Louis, and 0.9 age-adjusted MAC in 
Winnipeg), as were the median BIS values (43 in 
Chicago, 41 in St. Louis, and 43 in Winnipeg). The 
30-day mortality was 1.96% (57 of 2907 patients) 
in the BIS group and 2.21% (64 of 2902 patients) 
in the ETAC group (a difference of 0.24 percentage 
points; 95% CI, −0.50 to 0.99). In both groups, the 
median length of stay in the hospital was 7.0 days, 
and the median length of stay in the intensive 
care unit was 2.1 days.
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Discussion

The results of the BAG-RECALL trial do not support 
the superiority of the BIS protocol over the ETAC 
protocol in preventing intraoperative awareness 
among patients at high risk for this complication. 
The overall incidence of awareness was lower than 
anticipated, suggesting that both protocols were 

likely to have had efficacy, but the finding of fewer 
cases in the ETAC group than in the BIS group was 
contrary to the expected result. The 95% confi-
dence interval for the difference in definite aware-
ness includes, at one extreme, a 0.03 percentage-
point benefit attributable to BIS monitoring, which 
represents a number needed to treat of 3333 high-
risk patients to prevent one episode of awareness.

6041 Underwent randomization

49,000 (estimated) Patients were assessed for eligibility

42,500 (estimated) Were ineligible: most did
not have an inclusion criterion; a few
had neurologic deficits or did not
receive inhaled anesthesia

342 Declined to participate

3021 Were assigned to the
BIS protocol

3020 Were assigned to the
ETAC protocol

118 Were excluded
6 Had technical diffi-

culties
19 Did not meet

inclusion criteria
after randomization

40 Canceled surgery
8 Received regional

anesthesia
41 Received sedation

only
4 Received total intra-

venous anesthesia

114 Were excluded
4 Had technical diffi-

culties
27 Did not meet

inclusion criteria
after randomization

35 Canceled surgery
5 Received regional

anesthesia
37 Received sedation

only
6 Received total intra-

venous anesthesia

2907 Were included in the BIS group 2902 Were included in the
ETAC group

50 Were lost to follow-up
38 Died before first

interview
6 Were unable to be

contacted
3 Were unable to com-

municate
3 Declined to answer

questions

46 Were lost to follow-up
33 Died before first

interview
8 Were unable to be

contacted
1 Was unable to com-

municate
4 Declined to answer

questions

2861 Were assessed for intraoperative
awareness

2852 Were assessed for intraoperative
awareness

Figure 1. Screening, Randomization, and Follow-up.

BIS denotes bispectral index, and ETAC end-tidal anesthetic-agent concentration.
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The BAG-RECALL trial addressed the major 
limitations of the B-Unaware trial.11 In particular, 
the current study was substantially larger than 
the B-Unaware trial and was conducted at three 
international sites, and minor risk factors for 
awareness were not used as enrollment criteria. 
The findings of the B-Unaware trial11 and the cur-
rent trial regarding definite and possible aware-
ness are congruent. Furthermore, similar to the 
findings in the B-Unaware trial, the results of the 
BAG-RECALL trial did not show that the ETAC 
protocol was associated with an increase in post-
operative mortality21,22 or in the amount of anes-
thetic agent adminstered.11

Several other key implications of the BAG-
RECALL trial warrant discussion. ETAC alarms at 
less than 0.7 age-adjusted MAC should be consid-
ered to be an effective active comparator in future 
studies of the prevention of intraoperative aware-
ness, and the ETAC protocol used in this trial 

should be evaluated in the general surgical popu-
lation. With some awareness events apparently 
occurring with BIS values below 60, decreasing 
anesthetic concentration solely on the basis of a 
BIS value of less than 60 is not recommended. 
Also, the risk of awareness might be incrementally 
increased with additional risk factors and coexist-
ing conditions. Finally, notwithstanding major ad-
vances in our understanding of consciousness and 
anesthesia,33,34 until we clarify fully the mecha-
nisms and measurement of anesthetic-induced un-
consciousness and amnesia, some patients are still 
likely to have this complication.

Despite its wide scope, the BAG-RECALL trial 
has a number of limitations. Most important, it 
was designed to study the BIS and ETAC protocols 
in high-risk patients undergoing general anesthe-
sia that is based predominantly on a potent inhaled 
agent; its results should not be extrapolated be-
yond this population. Second, the ETAC protocol 

Table 2. Incidence of Definite and Possible Awareness Events.*

Awareness Michigan Awareness Classification

Class 1 Class 2 Class 3 Class 4 Class 5 Class 1D Class 2D Class 3D Class 4D Class 5D

number of patients

BIS group

Definite 2 1 0 0 0 0 1 1 1 1

Possible 0 6 0 2 0 1 1 2 0 0

ETAC group

Definite 1 0 0 0 0 0 0 1 0 0

Possible 5 0 0 1 0 0 0 0 0 0

* In the Michigan Awareness Classification Instrument, class 1 indicates isolated auditory perceptions; class 2, tactile 
perceptions (e.g., perception of surgical manipulation or endotracheal tube); class 3, pain; class 4, paralysis (e.g., a 
feeling that one cannot move, speak, or breathe); and class 5, paralysis and pain. D indicates that there is associated 
distress (e.g., reports of fear, anxiety, suffocation, sense of doom, or sense of impending death). BIS denotes bispectral 
index, and ETAC end-tidal anesthetic-agent concentration.

Table 3. Between-Group Comparison of Awareness Experiences.*

Outcome
BIS Group
(N = 2861)

ETAC Group
(N = 2852) P Value† Difference, BIS–ETAC

no. (%) percentage points (95% CI)

Definite awareness: primary outcome 7 (0.24) 2 (0.07) 0.98 0.17 (<0.03 to 0.38)

Definite or possible awareness: pre-
specified secondary outcome

19 (0.66) 8 (0.28) 0.99 0.38 (0.03 to 0.74)

Distressing experience of awareness: 
post hoc secondary outcome

8 (0.28) 1 (0.04) 0.99 0.24 (0.04 to 0.45)

* BIS denotes bispectral index, and ETAC end-tidal anesthetic-agent concentration.
† One-tailed P values were calculated to test the null hypothesis that BIS is not superior to ETAC and the alternative hy-

pothesis that BIS is superior to ETAC. A one-tailed P value of less than 0.05 with the use of Fisher’s exact test would 
suggest that the null hypothesis should be rejected and the alternative hypothesis accepted.
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Table 4. Characteristics of Patients with and Patients without Intraoperative Awareness.*

Characteristic

Definite or Possible  
Intraoperative 

Awareness
(N = 27)

No  
Intraoperative  

Awareness
(N = 5686) P Value†

Age — yr 61±13.2 60±14.3 0.89

Male sex — no. (%) 15 (55.6) 3285 (57.8) 0.82

Body-mass index‡ 30±10.1 30±8.4 0.73

Race — no. (%)§ 0.26

White 20 (74.1) 4773 (83.9)

Other 7 (25.9) 913 (16.1)

Inclusion criteria met — no. of patients (%)¶

Planned open-heart surgery 14 (51.9) 2027 (35.6) 0.08

Aortic stenosis 4 (14.8) 517 (9.1) 0.30

Pulmonary hypertension 3 (11.1) 264 (4.6) 0.13

Use of opiates 8 (29.6) 1458 (25.6) 0.66

Benzodiazepine use 5 (18.5) 894 (15.7) 0.60

Anticonvulsant use 3 (11.1) 420 (7.4) 0.45

Daily alcohol consumption 6 (22.2) 881 (15.5) 0.30

ASA status 4∥ 13 (48.1) 1960 (34.5) 0.14

End-stage lung disease 1 (3.7) 115 (2.0) 0.43

History of intraoperative awareness 3 (11.1) 88 (1.5) 0.02

History of or anticipated difficult intubation 0 469 (8.2) 0.20

Cardiac ejection fraction <40% 5 (18.5) 506 (8.9) 0.18

Marginal exercise tolerance 14 (51.9) 2636 (46.4) 0.57

Composite no. of inclusion criteria 0.002

Median 3 2

Interquartile range 2–4 1–3

Composite no. of preexisting medical conditions 0.003

Median 3 2

Interquartile range 1–4 1–3

Received midazolam — no. (%) 18 (66.7) 4566 (80.3) 0.08

Bispectral index 0.70

Median 40 41

Interquartile range 37–45 38–45

ETAC in MAC equivalents 0.88

Median 0.87 0.90

Interquartile range 0.84–1.02 0.80–0.99

* Plus–minus values are means ±SD. ETAC denotes end-tidal anesthetic-gas concentration, and MAC minimum alveolar 
concentration.

† P values were calculated with the use of Fisher’s exact test or the chi-square test with Yates’ correction for categorical 
variables. For differences between means, P values were calculated with the unpaired Student’s t-test; for differences 
between medians, P values were calculated with the Mann–Whitney U test.

‡ The body-mass index is the weight in kilograms divided by the square of the height in meters.
§ Race was determined on the basis of information in the medical records.
¶ A patient could have more than one inclusion criterion.
∥ The American Society of Anesthesiologists (ASA) physical status classification system is used to assess a patient’s 

physical status before surgery. Scores range from 1 (indicating a normal, healthy patient) to 6 (indicating a brain-dead 
patient whose organs are being removed for donor purposes); a score of 4 indicates a patient with severe systemic dis-
ease that is a constant threat to life.
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was evaluated against only one of many available 
electroencephalogram-derived monitors. Third, it 
is conceivable that a protocol that is based on both 
BIS and ETAC alerts would perform better than 
one based on either approach alone. Fourth, it is 
difficult to know whether practitioners might be-
come desensitized to either protocol; many people 
find audible alerts distracting, especially with a 
high rate of false alarms.35 Fifth, when a rare out-
come is assessed, missing data can have an impor-
tant effect. Although a small number of patients 
were not interviewed postoperatively, as shown in 
Figure 1, in most cases, this was because they did 
not awaken and died before the initial interview. 
Finally, in the case of a rare event such as aware-
ness, unidentified risk factors such as genetic 
resistance to anesthetic agents could have been 
unequally distributed between the BIS and ETAC 
groups despite randomization and could have con-
founded the results.

The BAG-RECALL trial did not demonstrate the 
superiority of a BIS protocol over a protocol incor-
porating standard ETAC monitoring for the pre-
vention of intraoperative awareness. Implementa-
tion of an ETAC-based protocol would require a 
brief, structured educational program, measure-

ment of the exhaled concentration of volatile an-
esthetic agent, routine setting of audible alarms for 
threshold ETAC values, and checklists to maintain 
vigilance by the practitioner. Similar to other struc-
tured protocols that have enjoyed widespread adop-
tion,13-15 an ETAC protocol like the one used in 
this trial could be implemented for patients at high 
risk for awareness who are undergoing general 
anesthesia with a potent inhaled agent.
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