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Abstract

Background: Several devices record and interpret patient brain activity via electroencephalogram (EEG) to aid physician
assessment of anaesthetic effect. Few studies have compared EEG monitors on data from the same patient. Here, we
describe a set-up to simultaneously compare the performance of three processed EEG monitors using pre-recorded EEG
signals from older surgical patients.

Methods: A playback system was designed to replay EEG signals into three different commercially available EEG mon-
itors. We could then simultaneously calculate indices from the SedLine® Root (Masimo Inc., Irvine, CA, USA; patient state
index [PSI]), bilateral BIS VISTA™ (Medtronic Inc., Minneapolis, MN, USA; bispectral index [BIS]), and Datex Ohmeda S/5
monitor with the Entropy™ Module (GE Healthcare, Chicago, IL, USA; E-entropy index [Entropy]). We tested the ability of
each system to distinguish activity before anaesthesia administration (pre-med) and before/after loss of responsiveness
(LOR), and to detect suppression incidences in EEG recorded from older surgical patients receiving beta-adrenergic
blockers. We show examples of processed EEG monitor output tested on 29 EEG recordings from older surgical patients.
Results: All monitors showed significantly different indices and high effect sizes between comparisons pre-med to after
LOR and before/after LOR. Both PSI and BIS showed the highest percentage of deeply anaesthetised indices during periods
with suppression ratios (SRs) > 25%. We observed significant negative correlations between percentage of suppression
and indices for all monitors (at SR >5%).

Conclusions: All monitors distinguished EEG changes occurring before anaesthesia administration and during LOR. The
PSI and BIS best detected suppressed periods. Our results suggest that the PSI and BIS monitors might be preferable for
older patients with risk factors for intraoperative awareness or increased sensitivity to anaesthesia.
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o When using the playback system on 29 EEG recordings

Editor’s key points from older surgical patients, all three devices distin-

e Devices to measure EEG during general anaesthesia guished EEG changes occurring during loss of respon-
include the SedLine® Root patient state index (PSI), siveness. The playback system also suggests the PSI
bilateral BIS VISTA™ bispectral index (BIS), and Datex and BIS could be better than the Datex Ohmeda at
Ohmeda S/5 monitor with Entropy™ Module E-entropy detecting EEG suppression.
index. e This method comparing EEG devices head to head with

e The authors developed an anaesthesia EEG playback the same EEG recording can provide an opportunity to
system allowing for a collected EEG data set to be understand the advantages and disadvantages of each
inputted simultaneously to these three EEG devices EEG monitoring device relative to one another.

(PSI, BIS, and Datex Ohmeda).
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Fig 1. The anaesthesia playback system equipment set-up. (a) Pre-recorded EEG files are converted and replayed on the National In-
struments (NI) PXIe-8821 to the NI PXI-6733 digital-to-analogue converter, which then directs EEG signals to the NI CA-1000. The NI CA-
1000 is directly connected to and outputs EEG to individual monitors simultaneously. Outputs from the three monitors are collected on
a laptop with Rugloopll and ADC software programs installed (these programs collect and store the monitor indices). Arrows indicate the
direction of data flow through the playback system. (b) Processed EEG monitors approximate electrode locations for the SedLine Root (red),
bilateral BIS VISTA (blue), and the Datex Ohmeda S/5 monitor with the Entropy Module (orange). The Root and Entropy electrode locations
closely follow those of the standard 10—20 electrode locations, as indicated. However, the BIS electrode positions (labeled LT and RT) are
located on the zygomatic arch as it extends laterally approximately an inch anterior and a quarter of an inch superior from the external

acoustic meatus.

To aid physician assessment of anaesthetic effect whilst pa-
tients are anaesthetised, several commercially available de-
vices record and interpret brain activity via EEG. Such
processed EEG monitors output unique indices based on pro-
prietary EEG analyses. The SedLine® Root (Masimo Inc., Irvine,
CA, USA), bilateral BIS VISTA™ (Medtronic Inc., Minneapolis,
MN, USA), and the Datex Ohmeda S/5 monitor with the En-
tropy™ Module (GE Healthcare, Chicago, IL, USA) are
commonly used monitors that output the patient state index
(PSI), bispectral index (BIS), and E-entropy index (Entropy),
respectively.’?

Initially, these devices were developed to lower the inci-
dence of intraoperative awareness,® ° and reassuringly their
output indices all strongly correlate with clinical assessments
of alertness.”® Additionally, monitor use reduces the amount
of anaesthetic delivered™'® and decreases time to emergence.?
However, other evidence argues that there is no outcome
difference in intraoperative awareness, haemodynamic
instability, or adverse events between monitored and un-
monitored groups.’

More recently, processed EEG monitors have been used to
titrate anaesthetic administration to avoid profoundly deep
anaesthesia (characterised by prolonged periods of EEG sup-
pression). Specifically, the length of time a patient has EEG
suppression'’'? or has low BIS values'®> ' is correlated with
negative postoperative cognitive outcomes. This is also true
for patients sensitive to anaesthesia (indicated by EEG sup-
pression at lower volatile concentrations).’® Although titrating
anaesthesia to avoid EEG suppression might not decrease
delirium incidence,'” processed EEG monitors can help phy-
sicians predict the risk of negative cognitive outcomes.

To compare monitoring devices, investigators have con-
nected electrode strips on a patient to two monitors (BIS and
Entropy connectors are adaptable),”’®' compared EEG-
monitored vus vital-sign-monitored patient outcomes,*° rand-
omised patients to different monitoring devices,” or built
devices to examine monitors offline.?'~%* However, a uniform
evaluation platform to simultaneously compare the PSI, BIS,
and Entropy indices on previously recorded EEG signals has
not been implemented. Using the same EEG data sets would
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Table 1 Recommended ranges of processed EEG monitors. BIS, bispectral index; PSI, patient state index.

Processed EEG monitor (index) Above general

Anaesthetised Deeply anaesthetised

anaesthesia (recommended ranges)
BIS VISTA (BIS) 60—100 40-60 <40 (deep)
<20 (EEG suppression)
Datex Ohmeda S/5 anaesthesia monitor 60—91 (state) 40—60 (both state and <40 (deep)
with Entropy Module (state and 60—100 (response) response) 0 (persistently suppressed EEG)
response entropy) (both state and response)
SedLine Root monitor (PSI) 50—100 25—-50 <25

eliminate data heterogeneity and publication bias, and reduce
clinical trial costs by decreasing the number of studies needed
to compare all devices. As such, a system like this could be
widely applied in diverse clinical cases to compare processed
EEG indices and guide physician decisions on which processed
EEG monitor to use.

In this paper, we describe the first set-up to simultaneously
compare the three monitor indices: PSI, BIS, and Entropy. We
test the clinical relevance of our anaesthesia EEG playback
system (henceforth ‘playback system’) to distinguish subtle
changes in EEG before induction and before/after loss of
responsiveness (LOR), and to detect EEG suppression periods
in older patients on beta-adrenergic block, a traditionally
hard-to-monitor patient cohort.

Methods
Playback system specifications

Our playback system enables previously recorded EEG data
sets to be replayed to multiple processed EEG monitoring de-
vices simultaneously. Here, we describe the set-up to compare
the SedLine Root (Root), bilateral BIS VISTA (BIS), and the
Datex Ohmeda S/5 monitor with the Entropy Module with the
unilateral sensors (Entropy; Fig. 1a). For the SedLine Root, we
use ‘Root’ to describe the physical monitor in the methods and
‘PSI’ to describe the index the monitor generates. The BIS with
bilateral sensors outputs two independent BIS values: BIS-L for
the left electrodes and BIS-R for the right electrodes. The En-
tropy outputs two values as well: the state entropy (Entropy-S)
and the response entropy (Entropy-R). Indices from these
monitors range from 0 to 100 (with the exception of Entropy-S,
which ranges from 0 to 91),”*° where 0 indicates maximally
deep anaesthesia and 100 (91 for Entropy-S) indicates maxi-
mally awake states (Table 1).

Previously recorded EEG from any electrophysiology device
can be replayed so long as the electrode positions are at or near
the recording positions used for the monitoring devices
(Fig. 1b), and EEG data need to be collected at equal or greater
than a 100 Hz sampling frequency. We reasoned that 100 Hz is
sufficient, as monitors have reported using low-frequency
ratios as part of their index calculations.'®?>?® The monitors
have a patient electrode interface designed for an analogue
input from the patient. Thus, the raw digital EEG file must first
be converted into an analogue file to be recognised by the
monitors. The module that stores and streams the EEG files is
the National Instruments (Austin, TX, USA) NI PXle-8821
(Fig. 1a). Custom MATLAB code sends previously recorded EEG
activity to an NI PXI-6733 module, which converts the
incoming digital signal into an analogue signal before sending
it to the NI CA-1000 (Fig. 1a). The NI CA-1000 houses a

customised voltage divider circuit to convert (voltage adjust)
the analogue EEG signal to ensure that output to the patient
monitors accurately reflects the number and position of elec-
trodes each device expects. We determined these specifica-
tions based on the manufacturer instructions and electrode
configurations of the accessory electrodes.

The EEG signals from the NI CA-1000 were transmitted by
customised monitor patient cables (normally attached to their
adhesive scalp EEG strips) to individual monitors. The pro-
prietary indices from the BIS and Entropy devices were routed
to a receiving laptop and captured by Rugloopll© (http://www.
demed.be/rugloop.htm; revision 14.02). Data from the Root
were exported to the same laptop and captured by a pro-
prietary Masimo ADC program (Pulse Ox Automated Data
Collection, version 3.2.1.4; Masimo Inc.). Before using the
playback system, the impedance checking was turned off for
all monitors (as it will corrupt data if left on).

Preprocessing and replay of EEG from older adults

To test the playback system, we replayed EEG data collected
using a Masimo SedLine Legacy monitor (Masimo Inc.) from
older patients (>65 yr old). This data set included 29 patients
(19 males) with a median age of 76 (65—88) yr, who were
exposed to general anaesthesia for elective abdominal pro-
cedures and were premedicated with beta-adrenergic blockers
(beta blockers).?”:?® Patients were induced with fentanyl (1-3
ng kg1, propofol (1-2 mg kg™?), and neuromuscular blocking
agent (if required) using either rocuronium (0—1 mg kg™}) or
vecuronium (0.1 mg kgl). After intubation, maintenance
anaesthesia consisted of sevoflurane in oxygen with 50—60%
nitrous oxide. Such a patient population poses unique chal-
lenges to anaesthetic effect monitoring,?”-* as the cardiovas-
cular disturbances from inadequate anaesthesia are often
masked by beta-blocker therapy.?”-?° All EEG recordings were
acquired under an approved protocol from the Stanford School
of Medicine Administrative Panel on Human Subjects in
Medical Research (ClinicalTrials.gov, NCT00938782).

The EEG data were originally collected using the USB port
from the SedLine Legacy monitor (Masimo Inc.). Files were
converted into MATLAB format and saved in a 32-bit unsigned
integer array on a laptop independent from the playback
equipment.

Such preprocessing is critical to ensure that our data best
match the expected incoming data of each processed EEG
monitoring device. This is because differences in the signal
input can greatly influence the calculations of the proprietary
indices.”>* As electrode locations are the same for the Sed-
Line Legacy and the Root monitor, we could replay these data
to the new device without adjustments. For the Entropy
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Fig 2. Example of brain activity and monitor trajectories for a full anaesthesia case. Spectrograms of the EEG activity throughout an entire
anaesthesia case (top F7; middle F8). Displayed in the bottom-line plot is the patient state index (PSI), bispectral index from the left (BIS-L)
and right (BIS-R) electrodes, response entropy (Entropy-R), and state entropy (Entropy-S). Note that the entropy measures are only
calculated unilaterally. The moment when the patient no longer responded to verbal commands (loss of response [LOR]) and recovery of
response (ROR) to verbal commands are indicated with dashed vertical lines at the beginning and end of the case, respectively. The patient
lightening at ~20 min (indicated by increase in high-frequency power and indices) is when surgical stimulation began and nitrous oxide

was added for anaesthetic maintenance.

monitor, we used EEG data from the AFz, Fp1, and F7 (with 20%
gain adjustment; see explanation in Supplementary material)
locations, as the expected input is unilateral from these
approximate locations (Fig. 1b). For the BIS VISTA monitor, we
used electrode locations AFz as the reference (C), ground at
FpZ (G), left electrode (LE) was Fp1, left temporal (LT) position
was F7 (gain increased by 20%), right electrode (RE) was Fp2,
and right temporal (RT) was F8 (gain increased by 20%; Fig. 1b).
Electrode abbreviations correspond to those on the BIS adhe-
sive electrode strip and BIS manual (Supplementary Fig. S1).

The BIS monitor was set at a 15 s smoothing rate with 2014
hardware and software revision 1.15. We used the Root
monitor 2018 hardware with DSP firmware version 2000. The
Entropy Module included 2009-12 hardware.

We used MATLAB programs on the NI PXIe-8821 to apply a
0.5 Hz high-pass filter. The MATLAB programs also included an
initiation pulse that was sent through the playback system
and stored by the ADC software program.

Monitor comparisons

We show the spectral EEG activity from the F7 electrode and F8
electrode for an entire anaesthetic case (Fig. 2). Spectrograms
were created with the Chronux toolbox for MATLAB (chron-
ux.org)®! using a time—bandwidth product of 5 with nine ta-
pers and limiting frequency ranges calculated up to 50 Hz.
Each monitor has a recommended range for its respective in-
dex for anaesthesia administration (Table 1). The upper bound
is intended to avoid inadequate anaesthesia and intra-
operative awareness. To compare this across monitors, we
tested the ability of the monitors to discriminate between the
subtle EEG changes that occur before anaesthesia was given,
and before and after LOR. We compared the mean monitor
indices between 20 s clips before anaesthesia and before/after
the patient lost a response to verbal command (LOR). To
identify LOR, patients were given verbal commands approxi-
mately every 5 s during induction. Using this time point, 20 s
artifact-free clips were identified within a 4 min window
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Fig 3. Representative patient around loss of response (LOR) to verbal stimuli. Density spectral arrays showing EEG spectral activity around
LOR for (a) F7 and (b) F8. (c) The trajectories of the indices outputted by the monitors in the same time period are shown. All monitors show
appropriate decreases in indices around LOR as anaesthetic depth increases, although some have more abrupt transitions than others. (d)
The index ranges outputted by the processed EEG monitors from 27 patients during 20 s segments before anaesthesia are given (pre-med)
and before (Pre-LOR) and after (Post-LOR) LOR. All indices show decreases across patients. The central mark on the box plot indicates the

median; the bottom and top edges are the 25th and 75th percentiles,

not considered outliers. The ‘+’ indicates individual outlier data
corrected.

surrounding LOR (see Supplementary materials for clip selec-
tion). Raw EEG clips and spectrograms were visually inspected
by three of the authors (DRD, MBM, and SLE) to ensure they

respectively; and the whiskers extend to the most extreme data points
points. Wilcoxon signed-rank significance values (P) reported are un-

were artifact free (n=27 patients). We tested whether indices
after LOR were significantly different from before anaesthesia
administration and before LOR by calculating the effect size of
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Fig 4. Example of brain activity and monitor trajectories from awake to EEG suppression during patient induction. (a) A 6 min clip of raw
EEG activity (blue trace) from F7 is shown, where period of suppressed EEG has been identified in red. Suppressed periods were identified
manually. (b) Clear decreases in the EEG spectral activity can be seen for periods of suppression in the corresponding density spectral
array. (c) The percentage of suppression (per 4 s epoch) closely tracks EEG suppression onset and offset. (d) The trajectories of the

outputted indices synchronised with this EEG activity.

the difference using Cohen’s d (a difference in the means
divided by the pooled standard deviation).

The lower bound of the recommended range for anaes-
thesia administration is meant to avoid excessive anaesthesia
exposure and profoundly deep anaesthesia. We reasoned that
the presence of EEG suppression is a clinical sign that physi-
cians use to determine whether their patients are too deeply
anaesthetised. Thus, we tested how often monitors displayed
deeply anaesthetised indices during periods of EEG suppres-
sion. An expert anaesthesiologist who uses EEG in clinical
practice (DRD) visually scored the EEG files to identify periods

of suppression using RemLogic™ software (Embla Systems,
Thornton, CO, USA). We then used an objective, descriptive
measure of EEG suppression described by Rampil and col-
leagues.®” After this definition, 4 s epochs were used to
calculate a suppression ratio (SR) from physician scoring.
Epochs were combined into 28 s blocks to account for monitor
delays. Blocks were identified, in which EEG suppression
exceeded 25%; the mean index values for each individual
monitor were then calculated for those corresponding blocks.
We reasoned that for EEG proficiency, this percentage would
catch the attention of physicians and alert them that their
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Fig 5. Example of brain activity and monitor trajectories in a patient exhibiting several incidences of intraoperative EEG suppression. The
synchronised density spectral array from (a) F7 and (b) F8 is shown with (c) corresponding percentages of EEG suppression in 4 s epochs (F7,
blue traces; F8, grey traces). Two insets above the percentage of EEG suppression represent 4 s clips of EEG activity from corresponding
time points indicated by the arrows and red vertical bars. These represent F7 clips with 31% suppression (left trace) and 77% suppression
(right trace) with identified suppressed periods in red (c, insets). Left and right red bars correspond to the left and right traces, respectively.
(d) The trajectories of the synchronised monitor indices are shown with labels indicating relevant clinical events. BIS-L, bispectral index
from the left; BIS-R, bispectral index from the right; Entropy-R, response entropy; Entropy-S, state entropy; PSI, patient state index.

patients were too deeply anaesthetised. The percentage of
time the values for each monitor indicated deep anaesthesia
(Table 1) was calculated and compared. We excluded cases
without EEG suppression. In general, we had a low incidence of
EEG suppression. There were only 116 incidences of SR >5% in
five patients and 70 incidences of SR >25% in five patients.
From the five patients who had lengthy EEG suppression, we
examined the percentage of time the monitors displayed cor-
responding deeply anaesthetised index values at SR >25%.
This provided us with an estimate of the accuracy of the
monitor indices to detect EEG suppression. We also calculated
the correlation between the SR and monitor indices using
Spearman correlation when SR >5%. We reasoned that
increasing anaesthetic depth marked by increasing percent-
age of suppression ought to be synchronised with decreasing
monitor indices. Additionally, we evaluated monitor EEG
suppression performance by calculating the area under the
curve for receiver operating characteristic curves, which is
discussed in the Supplementary material.

Statistical analysis

Preliminary testing for the normality of monitor indices using
Lilliefors test revealed the 20 s clip data were not normally

distributed. Thus, the after LOR indices were compared with
the before anaesthesia and before LOR separately using the
Wilcoxon signed-rank test. All significance values reported are
uncorrected (note that Bonferroni correction for multiple
comparisons would place the signficance threshold at 0.01; all
our results reported were well below this threshold).

Results
Monitor dynamics across an anaesthetic case

During EEG monitoring, the electrodes are attached to the
patients when they enter the operating theatre, and an EEG
record should contain awake-like activity at the beginning and
end of a case with variable levels of anaesthetised activity in
the middle. For our data collected, all three monitors reliably
reproduced this expected EEG pattern (Fig. 2).

Monitor comparison: distinguishing loss of response

To test the monitor discrimination of the EEG differences
occurring before anaesthesia (pre-med) and when patients are
responsive (pre-LOR) and not responsive (post-LOR), we iden-
tified three 20 s artifact-free clips from these periods and
compared averaged monitor indices. The spectral dynamics of
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this activity for F7 (Fig. 3a) and F8 (Fig. 3b) show a strong cor-
relation to monitor index trajectories (Fig. 3c). All monitors
showed significantly different indices after LOR compared
with before anaesthesia and before LOR (Fig. 3d). To gauge the
change in magnitude, we calculated the effect sizes using
Cohen’s d for the same comparisons. An effect size of 0.8 or
greater is considered a large effect size, 0.5 a medium effect
size, and 0.2 or less a small effect size. Effect sizes are listed
pre-med to post-LOR and pre-LOR to post-LOR. The PSI had the
highest effect size (1.82, 1.82); however, the BIS index (BIS-L
0.67, 0.58; BIS-R 1.37, 1.07), and the Entropy index (Entropy-R
1.42, 0.81; Entropy-S 1.18, 0.73) also had medium to high effect
sizes. Notably, all index ranges during these two 20 s periods
consistently showed greater variability around LOR illus-
trating the variability in subjective LOR assessment and pa-
tient response to anaesthesia (Fig. 3d).

Monitor comparison: detecting EEG suppression

To demonstrate our manual suppression detection, we show
an example of EEG activity during times our physician scorer
(DRD) detected EEG suppression (Fig. 4a). In this figure, the
patient was highly sensitive to the anaesthetic, so the patient
transitioned from an awake state directly to EEG suppression.
Additionally, the EEG shows significant reductions in spectral
power during suppressed periods (Fig. 4b). We demonstrate a
correspondence between suppressed activity identification
(Fig. 4a), reductions in spectral content (Fig. 4b), and increased
percentage suppression (Fig. 4c). The monitor index trajec-
tories during this time all showed significant decreases from
awake values to deeply anaesthetised values, excluding the
Entropy monitor (Fig. 4d).

Another example of a patient who exhibited four signifi-
cant bouts of intraoperative EEG suppression is shown in Fig 5.
The corresponding spectral changes for F7 (Fig. 5a) and F8
(Fig. 5b) are shown along with the percentage of EEG sup-
pression (Fig. 5¢) with inset examples of different percentages
of suppressed periods and corresponding index trajectories
(Fig. 5d).

To test the lower-bound detection of the too deeply
anaesthetised state, we evaluated the co-occurrence of high
SRs and low monitor indices indicating deep anaesthesia
(Table 1). We initially calculated the percentage of time that
our manual EEG suppression scoring showed SR >25% and
indices were in the deeply anaesthetised range (n=>5 patients;
67 incidents total). The percentage of corresponding PSI values
showing deeply anaesthetised indices was 97%, BIS-L 97%, BIS-
R 96%, and Entropy-R and Entropy-S were both near chance at
48%. We examined the SR correlation and indices when SR
>5% (113 incidences). All correlations were negatively corre-
lated with SR (PSI r=—0.54, P<0.001; BIS-L r=—0.51, P<0.001;
BIS-R r=—0.47, P<0.001; Entropy-R r=—0.27, P<0.005; Entropy-S
r=—0.30, P<0.002).

Discussion

We described a playback system allowing for simultaneous
offline comparison of processed EEG indices using the PSI, BIS,
and Entropy devices. As a first use case, we tested monitor
performance using EEG data from traditionally hard-to-
monitor older patients receiving beta blockers. Similar to
previous reports, we found a strong correlation between
monitor indices and the general trend in clinical response to
anaesthesia”®?? (Fig. 2). Our data show that all monitors

significantly discriminate between the EEG activity that occurs
after LOR and that before anaesthesia administration and
before LOR.

The patients in our study were anaesthetised with boluses
of propofol (a common clinical induction technique), and thus,
EEG activity during our LOR transitions is likely more abrupt
compared with slow infusions.”'® Thus, our analysis and
conclusions may not extend to slower infusions of propofol.
One observation is that all index ranges consistently showed
greater variability around LOR (Fig. 3d). The pre-LOR variability
is likely attributable to the heterogeneity in patient sensitivity
to anaesthesia and subjectivity of physician judgement for
LOR.' The decreased variability after LOR may indicate that all
brains converge to a similar steady state with more homoge-
neous EEG patterns.

Our patient cohort also had five patients with lengthy epi-
sodes of EEG suppression. Within those EEG suppression pe-
riods (SR >25%), the Root and BIS monitors displayed
appropriate indices most frequently. For the current playback
system, the Entropy algorithm was the oldest (2009) compared
with the BIS (2014) and PSI (2018), which could play a role in the
poorer performance. Additionally, all monitor indices were
negatively correlated with SRs (>5%), indicating that all
monitor indices appropriately decreased when SRs increased.

The goal for this study was to gauge monitor response to
real-world clinical situations. However, we recognise that
some assumptions made about how each processed EEG
monitor handles an EEG signal may limit the accuracy and
utility of the playback system. One assumption includes the
electrode location adjustment for the BIS and Entropy sys-
tems, given that the EEG data were originally collected on a
Masimo SedLine Legacy monitor. Additionally, the Legacy
monitor collects data at 250 Hz sampling frequency, and we
applied a 0.5 Hz high-pass filter to the data. Thus, the EEG data
bandwidth extended from 0.5 to 125 Hz. As some of the
monitor specifications are unknown, we cannot conclude that
this range does not limit performance. Additionally, we
recognise the importance of accurately conveying the
incoming EEG signals from the correct locations,*® and plan to
record new EEG for future studies. Also, we have not included
an analysis of how monitors handle artifacts, nor a sensitivity
and specificity analysis, which are both important to assess
monitor functionality in real-world clinical settings.

Nonetheless, our first use case analyses showed strong
agreement between EEG activity and monitor trajectories. The
playback system has high utility to determine the strengths
and limitations of these monitors to reflect anaesthetic effect
in traditionally hard-to-monitor patients. Future work using
systems, such as this, will enhance clinical care by allowing
physicians to make more informed decisions about how to
best monitor their patients, knowing the strengths and limi-
tations of their equipment.
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