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Putting awareness to bed: improving depth of anaesthesia monitoring
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Intraoperative awareness and subsequent explicit recall can lead
to prolonged psychological damage in patients. There are many
methods currently in place to prevent this potentially traumatic
phenomenon from occurring. Such methods include identifying
haemodynamic changes in the patient, monitoring volatile
anaesthetic concentration, and various electroencephalographic
algorithms that correlate with a particular level of consciousness.
Unfortunately none of these methods are without limitations.

Introduction

Intraoperative awareness is defined by both consciousness and explicit
memory of surgical events. [1] There are a number of risk factors that
predispose patients to such a phenomenon, both surgical and patient-
related. Procedures where the anaesthetic dose is low, such as in
caesarean sections, trauma and cardiac surgery, have been associated
with a higher incidence. Likewise patients with low cardiac reserve or
resistance to some agents are prominent attributable factors. [2] A
small number of cases are also due to a lack of anaesthetist vigilance
with administration of incorrect drugs or failure to recognize equipment
malfunction. [2] Ultimately it is largely an iatrogenic complication due
to administration of inadequate levels of anaesthetic drugs. Most cases
of awareness are inconsequential, with patients not experiencing pain
but rather having auditory recall of the experience, which is usually
not distressing. [3] In some cases, however, patients experience and
recall pain, which can have disastrous, long-term consequences.
Awareness has a high association with post-operative psychosomatic
dysfunction, including depression and post-traumatic stress disorder,
[4] and is a major medico-legal liability. Though the incidence of
awareness is infrequent, estimated to occur in 1-2 cases per 1000
patients having general anaesthesia in developed countries, [1] the
sequelae of experiencing such an event necessitates the development
and implementation of a highly sensitive monitoring system to prevent
it from occurring.

Measuring depth of anaesthesia:
1. Monitoring clinical signs

Adequate depth of anaesthesia occurs when the administration of
anaesthetic agents are sufficient to allow conduct of the surgery
whilst ensuring the patient is unconscious. There are both subjective
and objective methods of monitoring this depth. [5] Subjective
methods rely primarily on the patient’s autonomic response to a
nociceptive stimulus. [5] Signs such as hypertension, tachycardia,
sweating, lacrimation and mydriasis indicate a possible lightening of
anaesthesia. [5] Such signs however are not specific as they can be
the result of other factors that cause haemodynamic changes, such
as haemorrhage. Additionally, patient body habitus, autonomic tone
and medications (in particular beta-adrenergic blockers and calcium
channel antagonists) can also haemodynamically affect the patient. [5]
Consequently the patient’s autonomic response is a poor indicator of
depth of anaesthesia, [6] and the presence of haemodynamic change
in response to a surgical incision does not indicate awareness, nor does
the absence of autonomic response exclude it. [5]

Patient movement remains an important sign of inadequate depth
of anaesthesia, however is often suppressed by administration of
neuromuscular blocking drugs. [1] This consequent paralysis can be
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overcome with the ‘isolated forearm technique’. In this technique, a
tourniquet is placed on an arm of the patient prior to administration
of a muscle relaxant and inflated above systolic pressure to exclude
the effect of the relaxant and retain neuromuscular function. The
patient is then instructed to move their arm during the surgery if they
begin to feel pain. [5] Though this technique is effective in monitoring
depth of anaesthesia, it has not been adopted into clinical practice. [7]
Furthermore, patient movement and autonomic signs may reflect the
analgesic rather than hypnotic component of anaesthesia and thus are
not an accurate measure of consciousness. [8]

2. Minimum Alveolar Concentration (MAC)

The unreliable nature of subjective methods for assessing depth of
anaesthesia has seen the development and implementation of various
objective methods which rely on the sensitivity of monitors. The
measurement of end-tidal volatile anaesthetic agent concentration
to determine the MAC has become a standard component of modern
anaesthetic regimens. MAC is defined as the concentration of inhaled
anaesthetic required to prevent 50% of subjects from responding to
noxious stimuli. [9] It is recommended that administration of at least
0.5 MAC of volatile anaesthetic should reliably prevent intra-operative
awareness. [10]

Unfortunately the MAC is affected by a number of factors and thus
it is difficult to determine an accurate concentration that will reliably
prevent awareness. Patient age is the major determinate of the amount
of inhalation anaesthesia required, as are altered physiological states
such as pregnancy, anaemia, alcoholism, hypoxaemia and temperature
of the patient. [11] Most importantly, the administration of opioids
and ketamine, both commonly included in the anaesthetic regimen,
severely curtail the ability of the gas analyser to determine the MAC.
[12] Further, the MAC is a reflection of inhalational anaesthetic
concentration, not effect. The suppression of response to noxious
stimuli whilst under volatile anaesthesia is mediated largely through the
spinal cord, and thus does not accurately reflect cortical function and
the penetration of the anaesthetic into the brain. [13] Another major
limitation to using gas analysers is that they have limited reliability
when intravenous anaesthesia is used. Simultaneous administration
of intravenous anaesthetic agents is extremely common and in many
cases total intravenous anaesthesia is used; in such cases the use of
the MAC is not applicable.



3. Electroencephalogram (EEG) and derived indices
Bispectral Index (BIS)

Advances in technology have lead to the concomitant development of
processed encephalographic modalities and their use as parameters
to assess depth of anaesthesia; the most widely used being the BIS
monitor. The BIS monitor uses algorithmic analysis of a patient’s EEG
to produce a single number from 1 to 100, which correlates with a
particular level of consciousness. [5,14] For general anaesthesia, 40-
60 is recommended. [14] The establishment of this monitor at first
seemed promising with the publication of several studies advocating
its use in preventing awareness. The first of these was conducted
by Ekman et al, [15] and indeed found that there was a substantial
decrease in incidence of awareness when the BIS monitor was used.
In this study, however, the patients were not randomly allocated to
the control group and the BIS monitoring group, and thus the results
are subject to a high degree of bias and cannot be reliably interpreted.
The second study, the B-Aware trial, [16] also found that BIS-guided
anaesthesia resulted in a reduction in awareness in high risk patients,
however despite having a sound study design, subsequent studies
failed to reproduce this result. One prominent study, the B-Unaware
trial, [17] compared BIS monitoring to more traditional analysis of
end-tidal concentrations of anaesthetic gases to assess depth of
anaesthesia during surgeries on high risk patients. This study failed to
show a significant reduction in the incidence of awareness using BIS
monitoring, however a major criticism of this study is that the criteria
used to classify the patients in the trial as ‘high-risk’ was less stringent
than those used in the B-Aware trial which likely biased the results.
Also, given the low incidence of awareness, a larger number of study
subjects would be required to demonstrate any significant reduction.

The BIS monitor also has several practical issues that further question
its efficacy in monitoring consciousness. It is subject to electrical
interference from the theatre environment, particularly from
electromyography, diathermy and direct vibration. [14] This is more
likely in cases where the surgical field is near the BIS electrode (such
as facial muscle surgery) which will falsely elevate BIS values, leading
to possible excess administration of anaesthesia. [14] Similar to the
MAC, standard BIS scores are not applicable to all patient populations,
particularly in patients with abnormal EEGs — those with dementia,
head injuries, cardiac arrest and have hypo- or hyperthermia. [1] In
such cases, the BIS value may underestimate the depth of anaesthesia,
leading to the administration of excess anaesthetic and a deeper level
of anaesthesia than required. Further, as the molecular action of
various anaesthetic agents differs, the consequent EEG changes are
not uniform. Specifically, the BIS monitor cannot accurately assess
changes in consciousness when the patient is administered ketamine
[18] and nitrous oxide, [19] both commonly used agents.

Despite these practical downfalls, however, there are substantial
benefits to the BIS monitor which should be incorporated into future
depth of anaesthesia monitors. The BIS monitor helps anaesthetists to
titrate the correct dosage of anaesthetic for the patient, [5] and to adjust
this accordingly throughout the surgery to keep the patient within the
recommended range for general anaesthesia without administering
excess agent. This results in decreased haemodynamic disturbance,
faster recovery times and reduced post-operative side effects. [20] A
meta-analysis found that use of BIS monitoring significantly reduced
anaesthetic consumption by 10%, reduced the incidence of nausea/
vomiting by 23% and reduced time in the recovery room by four
minutes. [21] This may offer a cost-benefit as less anaesthetic will be
required during surgeries.

Despite the aforesaid advantages of using the MAC and BIS monitor
to assess consciousness during surgery, the major inadequacy to both
of these methods is that they only measure the hypnotic element of
anaesthesia. [8] Anaesthetic depth is in fact a complex construct of
several components including hypnosis, analgesia, amnesia and reflex
suppression. [8] Different anaesthetic agents have varying effects

across these areas; some are able to be administered independently,
and others only have properties in one area, and thus must be used in
conjunction with other pharmacologic agents to achieve anaesthesia.
[8] If only the hypnotic component of anaesthesia is monitored, optimal
drug delivery is difficult and there is a risk that insufficient analgesia
may go unnoticed. Thus the MAC and BIS monitors can be used to
monitor hypnosis and sedation, but have little role in predicting the
quality of analgesia or patient movement mediated by spinal reflexes.

Entropy

Entropy monitoring is based on the acquisition and processing of EEG
and electromyelogram (EMG) signals by using the entropy algorithm.
[22] It relies on the concept that the irregularity within an EEG signal
decreases as the anaesthetic concentration in the brain rises. Similar
to the BIS, the signal is captured via a sensor that is mounted on the
patient’s forehead, and the monitor produces two numbers between
0 and 100 — the response entropy (RE) and the state entropy (SE). The
RE incorporates higher frequency components (including EMG activity)
thus allowing a faster response from the monitor in relation to clinical
state. [22] Numbers close to 100 suggest consciousness whereas
numbers close to 0 indicate a very deep level of anaesthesia. The ideal
values for general anaesthesia lie between 40 and 60. [22] Studies have
shown that entropy monitoring measures the level of consciousness
just as reliably as the BIS, and is subject to less electrical interference
during the intraoperative period. [23]

Evoked potentials

Alternative mechanisms such as evoked potentials, which monitor
the electrical potential of nerves following a stimulus, have also
demonstrated a clear dose-response relationship with increasing
anaesthetic administration [14,24]. In particular, auditory evoked
potentials (in which the response to auditory canal stimulation is
recorded) have lead to the development of the auditory evoked
potential index. This index was proven to have greater sensitivity than
the BIS monitor in detecting unconsciousness. [24] Unfortunately,
using evoked potentials to monitor depth of anaesthesia is a complex
process, and as with BIS many artifacts can interfere with the EEG
reading. [14,24]

Brain Anaesthesia Response (BAR) Monitor

New electroencephalographically derived algorithms have been
developed which define both the patient’s hypnotic and analgesic
states individually. [25,26] This is essential in cases where combinations
of anaesthetic agents that have separate sedative and analgesic
properties are used. Dr David Liley, Associate Professor of the Brain
Sciences Institute at Swinburne University of Technology, began a
research project a decade ago with the aim of producing such a means
of assessing consciousness, and subsequently pioneered the Brain
Anaesthesia Response (BAR) monitor. [25] Liley initially analyzed EEG
data from 45 patients in Belgium who were administered both propofol
(a hypnotic agent) and remifentanil (an analgesic agent) as part of their
anaesthetic regimen. Two measures were derived from the EEG to
measure the brain response to the anaesthetic agents — cortical state
(which measures brain responsiveness to stimuli) and cortical input
(which quantifies the strength of each stimuli that reaches the brain).
He was able to detect the effects of the drugs separately; cortical state
reflected changes for hypnotic agents, and cortical input reactions
reflected change in levels of analgesia; from this, the BAR algorithm
was developed. [25] Its use will allow anaesthetists to determine
which class of drug needs adjustment, and to titrate it accordingly.
It is suggested that the BAR monitor will narrow the range of the
exclusion criteria that limit previously mentioned indexes such as the
BIS and Entropy. [25,26] This innovative monitor has an improved
ability to detect a number of drugs that are not effectively measured
using the BIS monitor, for example ketamine and nitrous oxide. [25]
The capacity to titrate anaesthetics specifically and accurately would
increase optimal drug delivery, not only reducing the likelihood of
intra-operative awareness but also avoiding issues of over or under
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sedation. This in turn might reduce side effects associated with excess
anaesthetic administration and improve post-operative recovery. The
BAR monitor is currently undergoing trial at the Royal Melbourne

Hospital under Professor Kate Leslie, and at St. Vincent’s Hospital in
Melbourne under Dr. Desmond McGlade. [25,26]

Though advancements have undoubtedly been made in regards to
depth of anaesthesia monitors, it cannot be emphasized enough that
the most important monitor of all is the anaesthetist themselves. A
significant percentage of awareness cases are caused by drug error or
equipment malfunction. [2,27] These cases can easily be prevented by
adhering to strict practice guidelines, such as those published by the
Australian and New Zealand College of Anaesthetists. [28]

Conclusion

Measuring depth of anaesthesia to prevent intra-operative awareness
remains a highly contentious aspect of modern anaesthesia. Current
parameters for monitoring consciousness include the observation of
clinical signs, the MAC and BIS indices, as well as less commonly used
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molecular formulations. It is important to remember, however, that
no monitor can replace the role of the anaesthetist in preventing
awareness.
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