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Background: Unexpected awareness is a rare but well-described complication of general anesthesia that has received
increased scientific and media attention in the past few years.
Transformed electroencephalogram monitors, such as the
Bispectral Index monitor, have been advocated as tools to prevent unexpected recall.
Methods: The authors conducted a power analysis to estimate
how many patients would be needed in an appropriately powered study to demonstrate the Bispectral Index monitor reduces
awareness, as well as a cost analysis to assess the cost of using
the monitor for this purpose alone.
Results: If unexpected recall is rare (1 in 20,000), it will
require a large study to demonstrate that the monitor reduces
awareness (200,000 – 800,000 patients), and the cost of using it
for this purpose alone would be high ($400,000 per case prevented). If awareness is common (1 in 100), then the number of
patients needed in a study to demonstrate that the monitor
works becomes tractable (1,000 – 4,000 patients), and the cost of
using the monitor for this purpose alone becomes lower
($2,000 per case prevented). Because there are reported cases of
awareness despite Bispectral Index monitoring, the authors are
certain that the effectiveness of the monitor is less than 100%.
As the performance of the monitor decreases from 100%, the
size of the study needed to demonstrate that it works increases,
as does the cost of using it to prevent awareness.
Conclusion: The contention that Bispectral Index monitoring
reduces the risk of awareness is unproven, and the cost of using
it for this indication is currently unknown.

THE problem of unexpected awareness has concerned
patients and anesthesiologists since the administration of
general anesthesia was first described.1 Indeed, through
much of the 19th century, awareness was regarded as an
undesirable and unavoidable consequence of the administration of general anesthesia to facilitate surgery. The
incidence of awareness was probably low for much of
the 19th century, as inhaled agents (ether, chloroform,
nitrous oxide) were the sole agents used to administer
general anesthesia and were titrated until adequate surgical conditions were obtained. Of note, hypoxia, pro-

Materials and Methods

Because there is no consensus as to the risk of unexpected awareness in the population of patients undergoing general anesthesia, and because the risk of awareness
may vary over a wide range (dependent on the patient
population and procedure), we performed all analyses
over a wide range of possible rates of awareness.14,15
A standard statistical power analysis was performed to
determine the size of the randomized, prospective study
that would be necessary to demonstrate that the BIS
monitor decreases the risk of intraoperative recall. We
generated all sample sizes using an 80% power.
A variant of a standard model16 was created to evaluate
the cost of using the BIS monitor. The model, shown in
equation 1, can be used to assess the cost of any proposed change in practice intended to reduce the incidence of any phenomenon.
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found circulatory depression, fire, explosions, and death
were all also well accepted and relatively frequent complications of general anesthesia in this era.2– 4 Against
this backdrop, the occasional patient who had recall of
intraoperative events had a relatively minor problem and
a great deal to be thankful for. The incorporation of
paralytic agents into the administration of general anesthetics was associated with an epidemic of cases of
awareness, as anesthesiologists discovered that these
agents did not diminish consciousness in any way.5–9
The practice of anesthesia has evolved during the past 50
yr, with increasingly safer agents, increasingly reliable
monitoring, and increasing scientific understanding of
general anesthesia. Death, hypoxia, and shock are now
rare events in the operating room compared with the
turn of the century.2,4 However, in recent years, there
has been increased attention in the press to the problem
of unexpected recall during general anesthetics.
The Bispectral Index (BIS) monitor (Aspect Medical
Systems, Natick, MA) has been advocated as a tool that
may reduce the incidence of unexpected recall.10 –13 We
performed the following power and cost analyses to
assess whether this contention could be supported with
data currently available and, if so, what the cost of using
the monitor solely to prevent awareness would be.

(1)

where price is the marginal cost per use of the monitor,
and efficiency is the percentage reduction in the inci520
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Table 1. Sample Size Needed in Both Intervention and Control
Groups to Show that the BIS Monitor Reduces the Incidence
of Awareness18
Postulated Incidence

1/100
1/500
1/1,000
1/5,000
1/10,000
1/20,000
1/50,000

50% Reduction

90% Reduction

4,071
20,470
40,969
204,960
409,949
819,927
2,049,860

1,045
5,245
10,495
52,498
105,002
210,009
525,031

BIS ⫽ Bispectral Index.

Results
The results of the power analysis are shown in table 1.
The results of the cost analysis are shown in table 2.

Discussion
The indiscriminate use of screening tests for low probability events is an extraordinarily expensive proposition.17 Proving that such screening or testing is effective
is a challenging task. It is expensive and must be conducted in an extremely carefully controlled manner to
obtain statistically reliable and meaningful results.
The power analysis results presented in table 1 demonstrate that very large sample sizes are required to
determine a decrease in the incidence of a rare event
Table 2. Cost of Preventing a Single Case of Awareness25
Efficiency

Postulated Incidence

1/100
1/500
1/1,000
1/5,000
1/10,000
1/20,000

50% Reduction
(US $)

90% Reduction
(US $)

2,000
10,000
20,000
100,000
200,000
400,000

1,111
5,556
11,111
55,556
111,111
222,222
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dence of awareness. In essence, we divided the cost of
electrodes by the number of cases of unexpected recall
potentially prevented to determine the cost of preventing a single case of this complication. To favor the use of
the monitor, we assumed that the cost of the monitor
was zero and that there were no other direct or indirect
costs associated with its use to prevent awareness (such
as purchase cost of monitors, maintenance cost of monitors, costs associated with software upgrades, costs in
time to learn how to use monitors, costs in time to
interpret and act on results from the monitor). The
marginal cost of use is only that of the disposable electrodes, which cost on the order of $10 –20 per set (one
set per patient is required).

such as unexpected recall during general anesthesia.18
As a consequence of this, it is difficult to assert that any
strategy, technique, or monitor reduces the risk of
awareness, because proving the assertion is logistically
daunting. For example, if the incidence of awareness is
as high as 1 in 1,000 and the monitor is 90% effective at
preventing awareness, then the trial to demonstrate this
would require approximately 21,000 patients. Even if
the BIS monitor were extraordinarily effective at reducing the risk of awareness, the number of patients that
would need to be studied would be enormous.
Because there are cases of awareness in the Aspect
database, it is certain that the efficiency of the monitor is
less than 100%.19 As the performance of the monitor
decreases (e.g., 50% reduction in awareness as opposed
to 90% reduction), the number of patients required in
each arm of a study to detect this increases. If the
monitor were only 50% effective at preventing awareness instead of 90% effective, the number of patients that
would need to be studied increases in the previous
example to approximately 82,000.
Demonstrating that the monitor decreases the risk of
awareness does become tractable in patient populations
at high risk for explicit recall. If the incidence of recall is
sufficiently high, and the monitor can truly reduce the
incidence of unexpected recall dramatically, then proving that it does should be feasible. For example, if the
incidence of recall is 1% in a high-risk patient population
such as cardiac, trauma, or obstetrics, and the monitor
can be used to reduce the risk of recall by 90%, then a
study with slightly more than 2,000 patients would demonstrate this conclusively. Such a study has not yet been
reported in the literature.
What will be the effect of monitoring the depth of
anesthesia with the BIS on the incidence of awareness?
One answer is that it may reduce the risk of awareness.10 –12,20,21 This is more likely to be the case if practitioners use it to assure that patients are experiencing
sufficiently deep anesthesia. If practitioners use this
monitor to keep patients “just barely” asleep, it may not
have as dramatic an impact in reducing awareness and
might even increase the risk of awareness. Ironically, the
literature that documents reduced drug doses and the
associated faster recovery advocates using lighter planes
of anesthesia for patients.20 –24 The effect of BIS monitoring on the risk of awareness does require careful
consideration of how the presence of the monitor may
change the behavior of the practitioners who use it.
Although modestly priced, monitoring techniques
used to avert low-incidence complications may have
poor cost– benefit characteristics. In the domain of medicine, the indiscriminate use of preoperative tests has
been demonstrated to increase costs and, in some cases,
worsen outcome. The indiscriminate use of the BIS monitor may demonstrate cost profiles similar to the indiscriminate use of preoperative chest radiographs. Cost
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awareness are unproven and, at best, premature. Finally,
even if BIS monitoring reduces the risk of unexpected
awareness, it may be difficult to justify the expense
associated with its use on the basis of this alone.
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analysis demonstrated that the cost of preoperative chest
radiographs in young, healthy patients was likely to be at
least $32,500,000 per year of life saved.17 Monitoring
low-risk patients with the BIS monitor may have a similar
economic profile (table 2).25 If the risk of awareness is 1
in 5,000 and monitoring with the BIS reduces the incidence of awareness 90%, then it costs $55,556 to prevent a single case of awareness. If the monitor is only
50% effective at reducing the risk, then the cost to
prevent a single case of awareness increases to
$100,000. In contrast, the economic profile of using the
monitor to prevent awareness in high-risk populations
might be favorable. If the risk of awareness is 1% and the
monitor is 90% effective, then it costs only $1,111 to
prevent a single case of awareness.
Claims for explicit awareness during general anesthesia accounted for only 1.9% of the claims in the closed
claims study, with a median payout of $18,000 (range,
$1,000 – 600,000).26 It is likely that claims and settlements for unexpected recall will increase as a consequence of both inflation and the increased media attention to this problem. Furthermore, because the closed
claims data spans a period of decades, during which the
payouts for all malpractice claims increased, it is likely
that future payouts for awareness suits will be far larger
than the average reported in the study. Nevertheless,
given the small number of payouts for explicit awareness
in the closed claims study and the huge number of
anesthetics covered by its insurers, it appears difficult to
justify the use of the BIS monitor as a cost-effective way
to reduce exposure to malpractice litigation. Indeed,
using the data of Domino et al.26 to estimate the frequency of claims (approximately two per year) and the
size of payouts for them (highest is $600,000), it is easy
to estimate that the cost of the payouts ($1.2 million per
year) would be far exceeded by the cost of the electrodes for the groups participating in the Closed Claims
Database; $1.2 million would purchase no more than
120,000 electrodes, a small fraction of the cases that
would need to be monitored.
There is a substantial literature that suggests that using
the BIS monitor to guide the administration of a general
anesthetic can reduce expenditure for anesthetic agents,
reduce side effects associated with general anesthesia,
and reduce the consumption of recovery room resources.20,22,23,27–30 Most of these studies are not controlled in
a manner that allows discrimination as to whether it is
the monitor or the anesthetic strategy adopted with its
use that is responsible for all of these benefits.
The contention that monitoring the depth of anesthesia with the BIS reduces the risk of awareness remains
unproven. Indeed, widespread indiscriminate use of the
BIS may actually lead to an increase in intraoperative
awareness and increase costs. Until a large study is conducted that proves that the BIS monitor reduces the risk
of awareness, statements that this monitor prevents

