
Bispectral Index versus Minimum Alveolar Concentration
for Prevention of Intraoperative Awareness

Does a Practical Controlled Trial Provide CERtainty?

A PPROXIMATELY half of all
medical care provided in the

United States is based on insuffi-
cient scientific evidence and may
even be of “uncertain or question-
able value.”1 This realization has
spurred interest and extensive gov-
ernment funding in comparative
effectiveness research (CER) with
the ultimate goal to improve the
effectiveness, efficacy, and effi-
ciency of health care. To date, few
initiatives to conduct and publish
studies guided by principles of
CER in perioperative medicine,
and specifically in the field of an-
esthesiology, have been taken. In
this issue of ANESTHESIOLOGY, Mash-
our et al.2 present a major leap for-
ward in this endeavor to participate
in CER and highlight the impor-
tance that our specialty can play in
answering difficult clinical ques-
tions, which will hopefully convince
stakeholders to fund more such ini-
tiatives.

Multiple studies have already
investigated whether bispectral in-
dex spectroscopy (BIS) monitor-
ing reduces risk of intraoperative
awareness. The authors of this study were unable to find
differences in the incidence of awareness or variables of re-
covery in a randomized trial with more than 18,000 patients
when comparing monitoring protocols based on BIS values
or anesthetic concentration. By post hoc analysis, the protocol
based on BIS monitoring reduced the incidence of definite or
possible intraoperative awareness compared with routine
care.2 This study is of particular interest for two reasons. As
recently pointed out in an editorial by Devereaux et al.,3

studies of this large size are required to study low-incidence
outcomes with sufficient confidence in the statistical signif-

icance of results. In addition, this
protocol incorporated the high
standards demanded for CER, in-
cluding the assessment of effective-
ness, efficacy, and efficiency. First,
they performed their study in a
large, “real world” patient popula-
tion in various hospitals undergo-
ing various procedures, thus af-
fording their results a high level of
external validity. Second, they
compared the impact of various
competing strategies on various
outcomes, which is in contrast to
the typical standard that compares
only controls (e.g., placebo) with
the intervention for a single out-
come. Finally, they assessed eco-
nomically important outcomes
(e.g., recovery variables) to put the
outcomes into a wider context.

Performance of CER has spe-
cific components outlined by the
Federal Coordinating Council for
CER that focus on the need for the
evolution of research methodol-
ogy.* Traditional “Gold Stan-
dard” clinical study designs, such
as randomized controlled trials,
may pose limitations (e.g., low ex-

ternal validity of results because of strict protocols and study
environments) to the ability of researchers to answer impor-
tant CER questions. In response, various groups have pro-
posed new approaches,4 such as practical controlled trials
that compare clinically relevant alternative interventions, se-
lect diverse populations for study, utilize diverse practice set-
tings, and evaluate a wide range of outcomes without the
constraints of a randomized controlled trial with its strict
inclusion and exclusion criteria.5 Thus, practical controlled
trials may be better equipped to address the “real world”
questions of interest to decision-makers as proposed by the
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“… the critical component
of both monitoring strate-
gies [to reduce awareness
during surgery] may well
be the use of an automated
monitor alert system to en-
hance vigilance and improve
human performance.”

� This Editorial View accompanies the following article: Mash-
our GA, Shanks A, Tremper KK, Kheterpal S, Turner CR,
Ramachandran SK, Picton P, Schueller C, Morris M, Vander-
vest J, Lin N, Avidan M: Prevention of intraoperative aware-
ness with explicit recall in an unselected surgical population: A
randomized comparative effectiveness trial. ANESTHESIOLOGY

2012; 117:717–25.

Anesthesiology, V 117 • No 4 October 2012693

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/117/4/693/258820/0000542-201210000-00006.pdf by guest on 19 April 2024

www.hhs.gov/recovery/programs/cer/cerannualrpt.pdf


definition of CER. In this context, how do previous large-
scale prospective trials investigating BIS monitoring and in-
traoperative awareness compare? The B-aware trial consti-
tutes the traditional randomized controlled trials comparing
BIS monitoring with no intervention and reported decreased
risk with use of BIS monitoring in a selected, high-risk pop-
ulation. Although this trial certainly contributed to evidence-
based practice, it was limited by the lack of generalizability to
all patients (i.e., external validity) and the fact that it did not
compare BIS with an alternative strategy to decrease the risk
of intraoperative awareness.6 The B-Unaware trial, which
compared BIS with minimum alveolar concentration-guided
protocols7 and found no advantage in a high-risk population,
addressed the latter shortcoming but not the former. Al-
though this sequence of studies on BIS monitoring repre-
sents the evolution toward meeting requirements for CER,
the additional cost and effort this progression required to
come to the conclusions presented in the current manuscript
should not be ignored. This example illustrates the impor-
tant role that contemporary planning of research methodol-
ogy needs to play in studies of this magnitude and impor-
tance. It must be noted that various task forces have been
formed to deal with exactly this topic and identify which
study designs are best for answering specific questions in the
context of CER. Further, it is important to note that random-
ized controlled trials and practical controlled trials are not always
the best, most timely, and cost-effective way to approach CER-
related questions. Meta-secondary database analyses, and even
case studies or a collection of research works, all have their legit-
imate roles.8

In the context of CER, it seems that either minimum
alveolar concentration- or BIS-based monitoring protocols
combined with a sophisticated monitor alert system are sim-
ilarly effective in reducing risk of intraoperative awareness in
the general population when compared with no interven-
tion. Furthermore, within the study context, there was no
advantage to the utilization of BIS monitoring for any of the
studied clinical outcomes, thus questioning the additional
cost incurred by the use of this device. However, as noted by
the authors, the critical component of both monitoring strat-
egies may well be the use of an automated monitor alert
system to enhance vigilance and improve human perfor-
mance. These alert systems are not widely in place at this time
but are increasingly of clinical interest and viability.9 A crit-
ical feature of automated monitoring alerts is careful selec-
tion of alarm values to enhance vigilance without creating
alarm fatigue,10 and further work may be needed to refine
these values for BIS and MAC monitoring. Although
“smart” monitoring systems may help prioritize alarm infor-
mation, constant vigilance and development of situation
awareness are critical to anticipating and optimizing patient
situations and outcomes in a systems-based fashion.11

CER represents a major opportunity to institute account-
ability into the healthcare system, but has limitations. Fre-
quently, no causalities can be established to explain results

and provide mechanistic direction for future interventions.
In CER, available strategies to prevent a particular outcome
are compared, yet a number of patients may still experience
an adverse event despite interventions. In this case, approxi-
mately 1 in 1,000 patients experienced awareness during
anesthesia despite MAC-based or BIS-guided anesthesia.
Hence it is of utmost importance to not stop research en-
deavors in a particular field, because the “big question” ap-
pears to have been answered with a study based on a large
sample size. Although population-based studies may deter-
mine the value of an intervention on a large scale, the impact
of low incidence outcomes on the individual remains a con-
cern. The undetermined reason why a subgroup of patients
remains prone to awareness during anesthesia, despite inter-
ventions to prevent it, gives credence to the continuity of
research and a move back from the bedside to the bench.
Obvious questions to be addressed include: Can improve-
ments in monitor-alerting technology or human perfor-
mance to increase situational awareness further decrease risk
of intraoperative awareness? Are there potential differences
between individuals that may make them more prone to
awareness during anesthesia? Although some clinical risk fac-
tors for this event have been identified in the past, variables
beyond what has been traditionally considered in related re-
search in this field have to be considered. To this point, there
is an emerging concept that the brain does not enter an
unconscious state in the same way it arises from it (i.e., that it
exhibits hysteresis), and that this process may be affected by
genetic factors.12

In conclusion, the present article is proof that anesthesia-
related CER is not only feasible, but can play a major role in
shaping accountable and evidence-based perioperative care.
To maximize efficiency, it is becoming increasingly impor-
tant to identify the appropriate study design and match it to
desired goals of a particular CER study. One has to caution
that even extensive population-based CER trials that define
the currently available, most effective, efficacious, and effi-
cient intervention to address a problem, may not yield the
optimal intervention for individualized care.
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