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with more than 34 000 patients, a narrative report of potential
awareness events identified in one or more postoperative
interviews was submitted to a blinded, expert panel.!
Slightly more than 500 patient experiences were reviewed
by expert panels. There was a 10-fold variation (0.40—5.73%)
among studies in the proportion of patients with a possible
awareness event. Further, there was a four-fold variation
(19.7-90.3%) in experiences declared to not be validated as
intraoperative awareness (Table 1).47%

It is possible that this variability reflects an underlying
difference amongst the patient populations and anaesthetic
management of the five intervention trials. However, we
speculate that this variability is also likely as a consequence of
the inadequacy of current methods of blinded expert panels.
There are scoring and classification systems for awareness
events that could be incorporated into expert systems as
supplemental evidence (Myles P, personal communication,
2015).69 11

We have proposed that there is a need to supplement
expert opinion with other clinical evidence in the adjudication
of patient awareness reports.! We invite researchers of intra-
operative awareness to propose and test new methods
including the use of intraoperative events to assess post-
operative awareness.
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Is consciousness frontal? Two perioperative case reports that

challenge that concept
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Editor—We recently wrote an editorial in the British Journal of
Anaesthesia titled ‘Is consciousness fragile?’,! and we now
extend this discussion by reporting two cases informing us
‘Is consciousness frontal?” To date, monitoring the frontal
EEG under anaesthesia has not been shown to accurately

DOI of original article: doi: 10.1016/j.bja.2018.02.019.

detect intraoperative connected consciousness,? although it
may guide titration of anaesthesia to induce amnesia.>™®
Recent debate and experiment has proposed that posterior,
not prefrontal, cortical brain regions represent the
minimum neural correlates of consciousness.’® *? If proved,
this would suggest that anaesthesia monitoring may be best
targeted to other brain regions, such as the parietal
cortex.'®'* Here we report two cases that further illustrate
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the potential limitations of monitoring the frontal cortex
under anaesthesia.

The first is of a subject who sustained severe prefrontal
cortical injury as an adolescent, requiring major neurosurgery,
who came to the clinic for elective endovascular aneurysm
repair at age 78 yr. Preoperative T1 weighted magnetic resonance
imaging showed clear evidence of bilateral injury to the pre-
frontal cortex (Fig. 1a). While he showed some evidence of
cognitive impairment, including memory issues, he was obvi-
ously conscious when he presented for the procedure. He was
anaesthetised with standard doses: i.v. induction with propofol
130 mg, fentanyl 50 pg, and lidocaine 40 mg, and maintenance
with inhaled sevoflurane 1.6—1.9%. Such cases clearly indicate
that subjects can be conscious while lacking significant portions
of the prefrontal cortex. It appears likely that in this case,
attempting to monitor the depth of anaesthesia by sampling
prefrontal activity would have been uninformative for assessing
consciousness.

The majority of the data challenging the use of frontal EEG
monitoring to identify intraoperative connected conscious-
ness comes from studies of the isolated forearm technique
(IFT).>"® However, there are concerns about the use of the IFT
as a monitor of consciousness. For example, hand move-
ments could be considered ambiguous to interpret (e.g. are
they really purposeful and therefore linked to conscious-
ness?) especially in the case of noxious stimuli (e.g. could
they be reflex responses?). Therefore, while we maintain that
the hand movements are an important form of behavioural
report, we should strive to obtain multiple streams of evi-
dence to assess the presence or absence of consciousness
under anaesthesia.

Next, we report a case of an unparalysed patient who fol-
lowed verbal command to open her eyes despite frontal slow

wave activity in the EEG. This case is important as it parallels the
IFT, but occurred in a non-paralysed patient who could produce
an alternative, perhaps more standard, behavioural response of
‘eyes open’. The patient was a 72-yr-old slender (~65 kg) female
having a complex open repair of a fractured ankle, which
required prone positioning. She was in general good health with
hypertension and oesophageal reflux, and on treatment with
verapamil and omeprazole. No other substance use was noted.
A popliteal fossa block was performed under conscious sedation
with 1 mgof midazolam. Before commencinginduction withi.v.
propofol, she had a total of midazolam 3 mgand fentanyl 100 pg.
At this stage, she was drowsy but still awake. On induction with
propofol, it was noticed that the bispectral index (BIS) had
decreased to 54, but she was still responsive to verbal command
and opened her eyes on request without alteration in the BIS
wave pattern. Additional propofol was therefore given and she
became unresponsive to command when the BIS reading
reached <40. Propofol titration continued until the BIS reading
decreased to 35. The total amount of propofol used to achieve
this stage was 100 mg. At this point, vecuronium 6 mg was
administered and her trachea was intubated. Anaesthesia was
maintained using sevoflurane (1.7—2.3%) and infusions of pro-
pofol (200 mg h™?) and remifentanil (400 pg h™Y). The mainte-
nance dose was titrated to BIS readings of ~33 (28—34), which
was 10 below the last response to verbal command. Remi-
fentanil was increased to 600 pgh ™! at ~50 min into surgery fora
tourniquet related increase in blood pressure. She also received
clonidine (60 pg) and morphine (7 mg) titrated to tourniquet
related response. No further relaxants were given. At the
conclusion of the operation (~3 h) she was turned supine and the
sevoflurane and propofol stopped. The remifentanil was
stopped when the BIS reading started to increase. When the BIS
increased to between 40 and 50 she would open her eyes to

Fig 1. Consciousness is possible with damage to the prefrontal cortex and prefrontal slow wave activity. (a) Sagittal, coronal, and trans-
verse planes of a preoperative magnetic resonance image collected as part of an ongoing cohort study (NCT03124303). The patient had
some cognitive impairment but was conscious. (b) Screen photograph of the EEG monitor at the time that a different patient was opening
eyes to command, showing the clear delta and theta waves on the raw EEG signal.
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repeated command and nod on request. She was comfortable
and had no distress from the presence of the tracheal tube.
Figure 1b shows that, at this point, she had a predominant slow
wave pattern in her frontal EEG and low EMG tone. At a post-
operative visit, she had no subsequent recollection of any of
these events, and gave verbal consent for the details to be pre-
sented or published.

This case confirms previous observations obtained with
the IFT paradigm that prefrontal slow waves are not neces-
sarily indicative of unconsciousness,’> but may reflect
amnesia (although amnesia can also occur without slow
wavesB), lack of patient distress, or both.? Hence, similar to
Mashour and Avidan,” we propose that prefrontal EEG
monitoring of anaesthesia should not be abandoned. How-
ever, as our patients largely expect to be unconscious and
not just amnestic during anaesthesia,'> we must strive to
identify anaesthesia monitoring strategies that assess the
level of consciousness during anaesthesia and surgery.
Looking beyond monitoring of prefrontal regions appears a
sensible course of action.
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