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Abstract

Background: Recent trials are conflicting as to whether titration of anaesthetic dose using electroencephalography
monitoring reduces postoperative delirium. Titration to anaesthetic dose itself might yield clearer conclusions. We
analysed our observational cohort to clarify both dose ranges for trials of anaesthetic dose and biological plausibility of
anaesthetic dose influencing delirium.

Methods: We analysed the use of sevoflurane in an ongoing prospective cohort of non-intracranial surgery. Of 167
participants, 118 received sevoflurane and were aged >65 yr. We tested associations between age-adjusted median
sevoflurane (AMS) minimum alveolar concentration fraction or area under the sevoflurane timexdose curve (AUC-S) and
delirium severity (Delirium Rating Scale-98). Delirium incidence was measured with 3-minute Diagnostic Confusion
Assessment Method (3D-CAM) or CAM-ICU. Associations with previously identified delirium biomarkers (interleukin-8,
neurofilament light, total tau, or S100B) were tested.

Results: Delirium severity did not correlate with AMS (Spearman’s p=—0.014, P=0.89) or AUC-S (p=0.093, P=0.35), nor did
delirium incidence (AMS Wilcoxon P=0.86, AUC-S P=0.78). Further sensitivity analyses including propofol dose also
demonstrated no relationship. Linear regression confirmed no association for AMS in unadjusted (log (IRR)=—0.06
P=0.645) or adjusted models (log (IRR)=—0.0454, P=0.735). No association was observed for AUC-S in unadjusted (log
(IRR)=0.00, P=0.054) or adjusted models (log (IRR)=0.00, P=0.832). No association of anaesthetic dose with delirium bio-
markers was identified (P>0.05).

Conclusion: Sevoflurane dose was not associated with delirium severity or incidence. Other biological mechanisms of
delirium, such as inflammation and neuronal injury, appear more plausible than dose of sevoflurane.

Clinical trial registration: NCT03124303, NCT01980511.
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Editor’s key points

e Whether titration of anaesthetic dose using pro-
cessed electroencephalography can impact post-
operative delirium incidence or severity is currently
unresolved due in part to limited dose separation in
randomised controlled trials.

Prospectively collected data from a cohort with
postoperative delirium testing were analysed for as-
sociations between anaesthetic dosing, delirium
incidence and severity, and biomarkers of neuronal
damage.

No associations of sevoflurane dose with the inci-
dence or severity of postoperative delirium, or with
increases in plasma biomarkers shown to be associ-
ated with delirium, were observed.

Biologically plausible mechanisms other than
anaesthetic dose and neuronal damage, such as
neuroinflammation and burst suppression, should be
investigated further to explain the risk for post-
operative delirium.

There is current debate regarding the hypothesis that avoid-
ance of ‘deep anaesthesia’, achieved through titration of depth
of anaesthesia using processed electroencephalography
(PEEG) monitors, is associated with less delirium.' We are
concerned by the limited biological rationale for why ‘deep
anaesthesia’ should be a risk factor for delirium, particularly
given that postoperative delirium may occur days after expo-
sure. Gaskell and Sleigh’ propose that the critical feature of
titrating to bispectral index (BIS) is to facilitate anaesthetic
dose modulation, and express the hypothesis that dose of
anaesthetic is linked to delirium in terms of causal diagrams,
and explain that the underlying hypothesis tested by studies
such as that conducted by Evered and colleagues® is that
relatively small differences in anaesthetic dosing produce
serious cognitive changes that may persist for days. Although
the exact mechanism for this is unknown, the burst suppres-
sion EEG pattern has been posited as a critical mediator of the
putative additional delirium risk. Notably, Chan and col-
leagues” observed a significant protective effect of BIS guid-
ance compared with usual care in the frequency of
postoperative delirium, with a reduction in median end-tidal
anaesthetic concentration (ETAC) of 29.7%. Wildes and col-
leagues® compared BIS-guided with ETAC-guided anaesthesia
and established a small degree of dose separation (difference
of 0.11 minimum alveolar concentration [MAC]) but found no
significant benefit of pEEG monitoring in preventing post-
operative delirium. Evered and colleagues® randomised par-
ticipants to a BIS target value of 35 or 50 to achieve a larger
dose separation (median difference of 0.2 MAC) than Wildes
and colleagues,’ and observed a reduced risk of delirium with
the higher BIS target. These data suggest that a minimum
difference of 0.2 MAC could produce differences in odds of
postoperative delirium.

Observational studies of the correlation between anaes-
thetic dose and delirium have also reported mixed findings. In
a post hoc analysis of a randomised trial of BIS monitoring,
Chan and colleagues® noted that mean MAC was 0.25 higher in

patients with postoperative delirium compared with those
who did not develop delirium. This is in contrast to the find-
ings of Whitlock and colleagues,® who observed an average
ETAC of 0.06 less in delirious compared with non-delirious
patients. If anaesthetic dose was driving postoperative
delirium, we would expect general anaesthesia to be associ-
ated with higher rates of delirium than spinal anaesthesia;
however, the only large trial to randomise patients to spinal or
general anaesthesia found no difference in rates of post-
operative delirium.”

Gaskell and Sleigh® argue that a trial randomising anaes-
thetic dose rather than an EEG target may facilitate interpre-
tation of the findings. We therefore investigated an ongoing
prospective cohort study looking for a dose-response rela-
tionship between anaesthetic exposure and subsequent peak
delirium severity or delirium incidence. Given that anaesthetic
exposure is the proposed harm,’ a dose—response relationship
would support a causal relationship. We have shown similar
dose-response effects of perioperative inflammation and
neurotoxicity (notably neurofilament light, tau, S100B, and
interleukin-8)® '? on delirium showing that potentially modi-
fiable mechanisms can be identified with our dataset. We
probed if anaesthetic exposure showed a similar relationship
with delirium severity, which would support biological plau-
sibility for a link and provide information on what separation
of dose would inform design of a large randomised control
trial. Our primary hypothesis was that median dose exposure
to sevoflurane is associated with delirium severity. Secondary
hypotheses were that cumulative exposure to sevoflurane is
associated with delirium severity and that sevoflurane expo-
sure is associated with increases in pathological biomarkers of
delirium.

Methods

Our data were obtained from the ongoing Interventions for
Postoperative Delirium Biomarker-3 (IPOD-B3) prospective
longitudinal cohort study enrolling patients >65 yr old un-
dergoing non-intracranial surgery (NCT03124303 and
NCT01980511), with cohorts as described.® '° Ethical approval
was obtained from the University of Wisconsin-Madison
(UWM) Institutional Review Board (2015—0374). All patients
gave written informed consent for the study. Data are reported
in accordance with the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) guidelines.'?

Exposures

We investigated two anaesthetic exposure metrics: age-
adjusted median sevoflurane MAC fraction (AMS) and area
under the curve of cumulative dose by time for sevoflurane
(AUC-S). General anaesthesia was administered by the pa-
tients’ physician anaesthetist and was not standardised by the
trial protocol. Sevoflurane was the anaesthetic used in 111
patients. Other volatile anaesthetics were not administered.
Propofol was administered for induction, as an intraoperative
infusion, or both in some subjects, therefore we conducted
additional sensitivity analysis including the total propofol
dose as a factor. Nitrous oxide was used infrequently in the
cohort, largely as an adjunct to emergence, and the median
concentration of nitrous oxide was 0% in every subject, so we
did not include nitrous oxide in models. Other adjuncts, such
as opioids, were not considered, as these will co-vary with
anaesthetic dose and are often modulated (uncontrolled) in
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randomised controlled trials to facilitate control of anaesthetic
dose. As we have limited intraoperative EEG depth of anaes-
thesia monitoring data available in this cohort (n=13), we
cannot address whether EEG changes are associated with
harm. We excluded patients with a sevoflurane of AMS <0.2 as
this is likely insufficient for a state of general anaesthesia.

Outcomes

Our primary outcome was peak delirium severity using the
Delirium Rating Scale Revised-98.** Our secondary outcome was
delirium incidence using 3-minute Diagnostic Confusion
Assessment Method (3D-CAM)*® or CAM-ICU (if intubated) score
from twice daily assessments over up to 4 days postoperatively.
We also collected procedure details and other intraoperative
data from the medical record, including the American College of
Surgeons National Quality Improvement Program surgical risk of
death (NSQIP-D) and serious complications (NSQIP-SC). Baseline
cognition was assessed with the Trail Making Test B (TMTB) and
the Montreal Cognitive Assessment (MoCA).

Power analysis

Data analysis was conducted in R, a language and environment
for statistical computing and R Studio (Base R Version 4.2.0, R
Studio Version 2022.7.1.554). Using linear regression and a
moderate Cohen'’s effect size (0.4) with seven predictors for
sample size analysis (80% power, P<0.05), we required 97 par-
ticipants to identify an effect using peak delirium severity as a
continuous outcome (using R package ‘pwr’ version 1.3-0).'°
Our primary outcome utilised a regression approach to adjust
for potential confounders associated with delirium and
anaesthetic exposure. We did not adjust for multiple compar-
isons for the number of models or outcomes tested. The
regression models presented showed the optimal model
selected by fit, interactions, and explained variability.

Statistical analysis

AMS was calculated by dividing median sevoflurane by the
formula for age-adjusted MAC (1.8x 10(~0:00269x(age—40)y 17 A(jG-§

167 Participants
with intraoperative data

120 Participants
received sevoflurane

118 Participants

A
111 Participants

was determined by multiplying volatile agent dose by time in
seconds and normalised by logarithm (base 10). All patients
were included in DRS-R-98 analysis regardless of whether they
met the CAM criteria for delirium, given the threshold for
diagnosis is arbitrary and delirium severity exists on a wider
spectrum. We then calculated descriptive statistics, assessed
data distribution by plotting, and used the Shapiro—Wilk test
for normality. Outliers were validated by Cook’s distance, us-
ing a conservative (4 ) threshold and plotting standardised
residuals with a plus or minus 2 threshold. We used Spear-
man’s method correlation given data were not normally
distributed and compared delirium group means with a
Mann—Whitney U-test/Wilcoxon rank sum test with conti-
nuity correction.

Results

We analysed all available data with a sample size of 111
eligible participants receiving sevoflurane with an AMS >0.2,
(Figure 1, delirium n=28 [25.2%], no-delirium n=_83). Of these,
109 participants also received propofol. Median AMS was 1.06
(range: 0.20—1.54) in delirious participants and 1.05 (range:
0.24—1.39) in non-delirious participants. The delirium group
had higher surgical risk of death (NSQIP-D, Wilcoxon P=0.012),
serious complications (NSQIP-SC, Wilcoxon P=0.003) and
longer operating times (P=0.006, Table 1) than those without
delirium.

We performed analyses on a dataset excluding formal
outliers (eight for DRS~AUC-S, seven for DRS~AMS). Figure 2
shows that peak delirium severity did not correlate with
either measure of sevoflurane, AMS (p=—0.014, P=0.89, Fig 2a)
or AUC-S (p=0.093, P=0.35, Fig 2b). There was also no statistical
difference in means for the binary outcome of delirium inci-
dence (AMS Wilcoxon P=0.86 Fig 2c, AUC-S Wilcoxon P=0.78,
Fig 2d). When analysis was further limited to peak delirium
severity on postoperative day 1 (as anaesthesia appears more
likely to influence events on postoperative day 1 than later),
there was no correlation with AMS (p=0.0052, P=0.96, Fig 3a)
and no difference between delirium group means (Wilcoxon,
P=0.96, Fig 3b).

Excluded:
2 Participants with surgery cancelled/
abandoned

Excluded:
7 Participants with median sevoflurane < 0.2

Fig 1. Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) diagram.
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Table 1 Patient characteristics. MoCA, Montreal Cognitive Assessment score; NSQIP, American College of Surgeons National Quality
Improvement Program risk of death (NSQIP-D) or serious complications (NSQIP-SC); sp, standard deviation; TMTB, Trail Making Test B.
*Mean (sp), range; n/N (%). 'Wilcoxon rank sum test ‘P<0.05; 1P<0.01; **P<0.001.

Characteristic N Overall, N=111* Delirium incidence P-valuef
Yes, N=28" No, N=83*
Participant age (yr) 111 72 (5), 65—84 72 (4), 66—79 72 (5), 65—84 >0.9
Sex 111 0.067
Female 47/111 (42%) 16/28 (57%) 31/83 (37%)
Male 64/111 (58%) 12/28 (43%) 52/83 (63%)
NSQIP-D 111 1.82 (2.62), 0.00—14.00 2.99 (3.39), 0.10—14.00 1.43 (2.19), 0.00—13.10 0.012°
NSQIP-SC 111 15 (10), 0—45 21 (13), 4—45 13 (8), 039 0.0031
Blood loss (ml) 111 907 (2023), 0—15 000 1785 (3489), 0—15 000 611 (1064), 0—7000 0.067
Operating time 111 297 (151), 90—824 384 (196), 125—824 268 (121), 90—587 0.006™
TMTB baseline (s) 110 92 (49), 31-300 107 (57), 44—283 87 (44), 31-300 0.056
MoCA baseline 105 24 (3), 13-30 23 (3), 18—29 24 (3), 13—30 0.4

For our multivariable analyses, generalised linear re-
gressions were adjusted to a Poisson family distribution given
Shapiro P=0.0481. In Table 2, the Poisson regression model
regression showed no association for peak delirium severity
with AMS in unadjusted (log (IRR)=—0.06, P=0.645) or adjusted
(log (IRR)=—0.0454, P=0.735) models. Operating time, baseline
TMTB, age, female sex, and an interaction between age and
TMTB were significant positive predictors of delirium severity
in the adjusted model (Table 2). Similarly, AUC-S did not pre-
dict delirium severity in an adjusted model (log (IRR)=0.000,
P=0.832) (Supplementary Table S1).

As our data could be confounded by administration of other
anaesthetics, we also tested whether propofol dose influenced
the relationship with AMS and delirium in a Poisson family
regression model (Supplementary Table S2). Neither AMS (log
(IRR)=—0.0918, P=0.541) nor intraoperative propofol dose (log
(IRR)=—0.0752, P=0.514) predicted peak delirium severity. The
only covariates of significance were operating time (log (IRR)=
0.0011, P<0.001) and male sex (log (IRR)=-0.1483, P=0.026). The
interaction between AMS and propofol dose (P=0.486) was not
significant and hence was excluded.

To assess the influence of sevoflurane dose on biomarkers
of inflammation and neuronal injury, we explored the rela-
tionship of AUC-S and AMS with peak preoperative to post-
operative change in each biomarker. We observed no
correlation between AMS and plasma interleukin-8 (p=—0.06,
P=0.55), neurofilament light (p=—0.081, P=0.49), tau (p=0.017,
P=0.89), or S100B (p=0.14, P=0.41) (Supplementary Fig. S1).
There was also no correlation between peak change in any
biomarker and AUC-S.

Discussion

Our data provide additional data regarding the controversy
around the relationship of depth of anaesthesia and post-
operative delirium incidence and severity. We observed no
correlation between sevoflurane dose and delirium incidence
or severity. We similarly noted no correlation between sevo-
flurane dose and plasma interleukin-8, neurofilament light,
tau, or S100B. The lack of association of anaesthetic dose with
key parameters (inflammation, blood—brain barrier perme-
ability, and neuronal injury) that have been implicated in the
pathophysiology of postoperative delirium does not support a
causal chain involving anaesthetic exposure (Fig 4). Deiner and

colleagues’® recently showed that anaesthetic exposure was
not associated with inflammation or neuronal injury in older
volunteers, supporting our biomarker observations.

In our observational cohort, no link between anaesthetic
dose and delirium, or known pathological biomarkers of
delirium, was observed. Randomised trials of anaesthetic dose
currently provide the main means for comparison of this
finding, as pEEG monitoring trials offer an indirect proxy for
dose. Nonetheless we are unaware of any trials directly ran-
domising anaesthetic dose with an outcome of delirium.

Two trials have failed to show anaesthetic dose separation
with pEEG monitoring vs usual care and observed no effect on
postoperative delirium.'>?® Of studies that did establish a
difference in dose, two observed a significant protective effect
of intraoperative EEG monitoring in developing delirium with
differences in MAC of 0.2—0.36 between trial groups.>* Wildes
and colleagues® found a smaller degree of dose separation
(0.11 MAC) and no effect on preventing postoperative delirium.
The reasons for the discordance in findings are discussed by
Whitlock and colleagues,” however, one interpretation perti-
nent to our findings is that the two positive trials were done in
East Asian populations, whereas the negative trial was done in
a US population similar to our study. The possibility of geno-
type being an explanatory variable for anaesthetic dose-
mediated delirium is intriguing. However, the stark differ-
ences in methodology between these trials and a long list of
potential confounders in the outcome make it difficult to
conclude that a single factor such as genetics explains the
differences between these trials and with our findings.

We observed that a lower anaesthetic dose correlated with
a higher likelihood of delirium in a binary logistic regression
model,® suggesting that specific patients are vulnerable to a
‘relative anaesthetic overdose’. The results of the interactions
in our multivariable regression model suggest baseline TMTB
and age do not predict vulnerability to putative anaesthetic-
mediated delirium. Whether other cognitive assessment bat-
teries, imaging markers, or blood tests can identify vulnerable
populations remains to be seen. Identifying those who might
benefit from anaesthetic dose reduction has proved difficult;
apart from acute emergence delirium, there is currently no
known biological mechanism linking anaesthetic exposure to
postoperative delirium, in particular delirium occurring from
postoperative Day 1 onwards. There is no clear evidence that
anaesthetics are directly neurotoxic in adults,?**? which is
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Fig 2. Correlations between sevoflurane dose, delirium severity, and delirium incidence in 111 participants. Spearman’s correlation and
Wilcoxon tests were used: (a) and (c) excludes seven outliers for DRS~AMS, and (b) and (d) excludes eight outliers for DRS~raw AUC-S. AMS,
age-adjusted median sevoflurane minimum alveolar concentration fraction; AUC, area under the curve for sevoflurane (timexdose); DRS,

Delirium Rating Scale Revised-98; p, rho, Spearman’s correlation.

consistent with our data that showed no correlation between
sevoflurane dose and plasma neurofilament light or total tau.
One inference is that if anaesthetics do play a causative role in
delirium, they might do so through systemic side-effects, such
as intraoperative hypotension.

The hypothesised causative link between anaesthetic dose
and delirium could be greater than the sum of indirect sys-
temic effects. The ‘neuroinflammatory hypothesis of delirium’
contends that delirium is a maladaptive response to systemic

inflammation, such as that induced by surgery.”* > Assuming
a causative role of neuroinflammation in delirium, direct ef-
fects of anaesthetics are unlikely as most data suggest that
they are not inherently proinflammatory.’®?® Indeed, we
observed no correlation between plasma interleukin-8 and
sevoflurane dose. An alternative mechanism has been un-
covered in rodents, in which anaesthetics have been associ-
ated with breakdown of the blood—brain barrier.”’ 3! An
association between blood—brain barrier breakdown and
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Fig 3. Correlations between sevoflurane dose, delirium severity, and delirium incidence on postoperative day 1. Spearman’s correlation
and Wilcoxon tests were used. Seven outliers were excluded for DRS~AMS. POD1 peak delirium severity includes complete cases only
(n=101). AMS, age-adjusted median sevoflurane minimum alveolar concentration fraction; DRS, Delirium Rating Scale Revised-98; POD,

postoperative day; p, rho, Spearman’s correlation.

Table 2 Poisson regression peak Delirium Rating Scale vs age-adjusted median sevoflurane dose. Seven outliers were excluded for
DRS~AMS. Models run with Poisson family distribution (dataset after outlier exclusion Shapiro P=0.0481). AMSxoperating time
(P=0.658), NSQIP-Dxoperating time (P=0.863), and AMSxNSQIP-D (P=0.171) were all non-significant and were removed from the
model. AIC, Akaike’s Information Criteria; BIC, Bayesian Information Criteria; CI, confidence interval, df, degrees of freedom; DRS,
Delirium Rating Scale Revised-98; IRR, incidence rate ratio; NSQIP, American College of Surgeons National Quality Improvement
Program, surgical risk of death (NSQIP-D); SE, standard error; TMTB, Trail Making Test B.

Characteristic log (IRR) SE 95% CI P-value
Unadjusted analysis
(Intercept) 2.4 0.140 2.1-2.6 <0.001***
Age-adjusted median sevoflurane dose —0.06 0.133 —0.32 t0 0.20 0.645
Adjusted analysis
(Intercept) —0.5089 1.18 —2.8152 to 1.8051 0.666
Age-adjusted median sevoflurane dose —0.0454 0.134 —0.3057 to 0.2210 0.735
Age 0.0347 0.016 0.0032—-0.0660 0.031*
Sex (male) —0.1487 0.064 —0.2732 to —0.0237 0.020*
NSQIP-D 0.0129 0.013 —0.0133 to 0.0382 0.325
Operating time 0.0010 0.000 0.0006, 0.0014 <0.001***
TMTB baseline 0.0247 0.012 0.0009—-0.0485 0.042*
Age * TMTB baseline —0.0003 0.000 —0.0006 to 0.0000 0.049*

N=102; log-likelihood=-277; AIC=570; BIC=591; residual df=94.
%*(7)=43.21.

Pseudo-R? (Cragg-Uhler) = 0.3463.

Pseudo-R? (McFadden)=0.0724.

*P<0.05; *P<0.01; **P<0.001.

delirium has been shown in an overlapping group of patients
as in this study.'? However, we observed no correlation be-
tween sevoflurane dose and peak change in plasma S100B,
suggesting anaesthetic exposure does not modulate
blood—brain barrier permeability. Overall for the biomarker
studies, we found no significant relationship over a clinically

usable concentration range. Our data show that the putative
mechanistic link between anaesthetic dosing and delirium
needs to be clarified. Given that inflammation, blood—brain
barrier permeability and neurotoxicity show clear dose-
response relationships with delirium severity, and that
anaesthetic exposure does not modulate these critical
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Confounders

(e.g. age, cognitive impairment)

Anaesthetic dose

Anaesthetist

Surgery

Intraoperative
brain state

Postoperative
delirium

Mediators
(e.g. inflammation)

Fig 4. Causal diagram. Figure 4 presents a causal diagram depicting possible mechanisms for postoperative delirium. Hypothetical
pathways whereby anaesthetic dose, as controlled by the anaesthetist, could play a causal role in postoperative delirium incidence are
depicted by dashed lines. The hypothesis that risk of delirium is reduced by titration of anaesthetic dose to achieve a particular brain state
(as reflected by processed EEG) is depicted as a feedback loop including the anaesthetist. Solid lines show effects with strong evidence,
while dashed lines suggest unproved links. We have not drawn all the confounders and their interactions in this causal diagram for
simplicity, but there are multiple confounders that should be considered for different interactions.

mechanisms in older patients, the basis for this proposed
causal chain appears fragile.

There are a number of potential limitations that might be
levelled at our analysis. Firstly, the anaesthetists in our study
were already expert at identifying participants at risk of
delirium and titrated the anaesthetic accordingly, thus elimi-
nating anaesthetic dose as a cause. Although this is possible,
we consider it unlikely. For example, anaesthetists were
blinded from the cognitive data in our cohort which likely
limits delirium risk prediction. Secondly, patients in this
cohort fall into a ‘deep anaesthesia’ category as our median
MAC ratio was 1.07. However, we focus on the dose—response
relationship and not on median dose values. Indeed, our range
of MAC values was very wide in the cohort, and certainly in
excess of the 0.2 MAC difference suggested as important in
clinical trials. Similar approaches have vyielded several
dose—response relationships in the past for inflammation,
blood—brain barrier permeability, and neuronal injury. None-
theless, one could argue there is an inflection point in the
curve at doses below those administered in our cohort. To
address this, data from other sources (e.g. Evered and col-
leagues®) could be used to conduct similar analyses to identify
potential relationships with delirium severity or delirium
incidence. Thirdly, the hierarchy of evidence suggests that we
should dismiss cohort studies that are not concordant with
randomised controlled trials. Although we agree random-
isation is helpful in defining causality, there are issues with
randomised controlled trials in this area as described by Gas-
kell and Sleigh.’ Biological plausibility remains a central tenet,
and ultimately a biological rationale that can explain the
proposed link between anaesthetic dose and delirium would
further this research area significantly. For small differences
in anaesthetic concentrations to mediate an effect on delirium
the relationship would need to be strong. We were unable to
identify any relationship in our data. Hence, we were unable to

identify anaesthetic doses associated with differences in out-
comes across our study population.

These data do not support the link between anaesthetic
dose and delirium in the causal diagram proposed for testing
by Gaskell and Sleigh.” Rather, if there is an effect, there is
some specific pathological brain state that, in response to
anaesthesia (perhaps in vulnerable individuals), predisposes
to delirium. The descriptors of this pathological brain state
remain unclear, with the most likely candidate being burst
suppression (as this rarely occurs physiologically). However
further research is required to establish the mechanisms of
harm in burst suppression and the critical amounts required
to produce this potential harm (if any). Indeed, burst sup-
pression does not appear harmful in the young® and is
induced as a neuroprotective therapy in certain clinical situ-
ations. We are unable to advise on a suitable dose separation
for a future randomised controlled trial and suggest that other
datasets, including published randomised pEEG trials them-
selves, are explored more thoroughly to define critical char-
acteristics of such a trial.

Conclusions

Anaesthetic dose was not associated with delirium severity or
incidence or pathological biomarkers of delirium. Further
research is required to identify vulnerable populations who
might benefit from intraoperative EEG monitoring (if any) to
reduce the severity of delirium and the critical features of the
intraoperative EEG state (if any) that are linked to delirium.
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