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Abstract: General anesthesia has been administered for over 150 years, and in that time, has
become progressively safer. Improvements in outcomes have been driven by multiple
advances, including the use of non-invasive monitors to assess cardiovascular and respiratory
status. More recent advances have included the development and use of monitors to measure
neurologic status by means of “processed” electroencephalography (pEEG), wherein the
frontal EEG signal is analyzed by proprietary algorithms to produce a dimensionless number
(scaled from 0 to 100), wherein low values are associated with deepening levels of sedation
that progresses to loss of consciousness. Such monitors have been shown to enable anesthetic
titration so as to expedite emergence and early recovery, and their use is advocated for the
prevention of intraoperative awareness in the setting of administration of total intravenous
anesthesia and neuromuscular blockade. Whether their use can minimize, or prevent, longer
term adverse events is a matter of debate. In this narrative review of the most recent
literature, we provide an assessment on the use of pEEG monitors in the prevention of
a notable, and important, postoperative adverse outcome — delirium — in elderly patients. As
we will discuss, the existing data do not support its routine use for the prevention of
postoperative delirium in this, or any other, patient population.
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Introduction

Moller et al published their landmark study on long-term postoperative cognitive
dysfunction (POCD) in the elderly in 1998." A Boolean search in Pubmed (terms:
postoperative, cognitive, dysfunction, elderly) returns 2252 articles published from
1998 until now covering preclinical and clinical investigations, review articles,
meta-analyses, and guidelines, indicating significant, ongoing interest in the topic.
POCD, though, is a term that is imprecise, and within the field, there is recognition
that a more rigorous nomenclature is required so as to clarify the problem under
investigation, thereby improving our ability to study the phenomenon in a more
rational manner and diagnose clinically.> The Nomenclature Consensus Working
Group authors highlighted a number of important issues, not the least of which is
the need to distinguish between delirium (an acute, self-limiting pattern of disorga-
nized thinking with fluctuations in attention, awareness, and consciousness, which
may be associated with either hyper- or hypo-activity) and neurocognitive disorders
(which can be short term, occurring up to 30 days after the procedure and should be
classified as delayed neurocognitive recovery, or more protracted, occurring up to
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12 months post-procedure, which should be classified as
postoperative neurocognitive disorder).? It is routinely
assumed that if a patient experiences any decline in cog-
nitive function in the postoperative period that it must, on
its face, be the result of anesthetic exposure since general
anesthetics, whether intravenous or volatile, so clearly
perturb cognitive function. If this is true, then successfully
monitoring anesthetic depth should facilitate the accurate
titration of anesthetic administration, thereby preventing
unintentional over-exposure to potentially toxic drugs. But
when considering the question of depth of anesthesia
monitoring in elderly patients, what is it that we are hop-
ing to achieve? Is it prevention of postoperative delirium,
or are we looking to prevent, or attenuate, a more perni-
cious decline in cognitive function? Are such goals, while
clearly laudable, achievable? Here we hope to address
these questions.

Perioperative Neurocognitive

Disorders

It has long been acknowledged that many older individuals
undergoing anesthesia and surgery are “not the same”
postoperatively. Perioperative Neurocognitive Disorders
(PND) encompass cognitive impairment existing preopera-
tively, postoperative delirium (POD), delayed neurocogni-
tive disorder (ANCR), and postoperative neurocognitive
disorder (NCD). dNCR and postoperative NCD align
with mild cognitive impairment (MCI) — mild NCD))
and dementia (major NCD).”> More than 20% of older
individuals undergoing anesthesia and surgery will experi-
ence new MCI® and up to 30% of patients will experience
worsening dementia.*

A major issue when considering meta-analyses of stu-
dies investigating pEEG and POD is the heterogeneity of
the tests used to assess for postoperative delirium. Many,
such as the CAM,®> CAM-ICU,® and 3-minute diagnostic
CAM (3D-CAM),” are based on the Diagnostic and
Statistical Manual of Mental Disorders (DSM-IV or
DSM-5) and have similar sensitivity and specificity when
used on the appropriate population of people and with
appropriate training. Other tools include the Delirium
Rating Scale — Revised-98 (DRS-R98), the Memorial
Delirium Assessment Scale (MDAS), and the Nursing
Delirium Screening Scale (nu-DESC). Evidence from an
assessment of various delirium tools concluded the best
evidence supported the use of the CAM.® Subsequent to
this publication the 3D-CAM has been developed with

similar sensitivity and specificity, it is a more structured
tool with excellent online training and takes only 3 min-
utes to administer.

Postoperative Delirium

The incidence of postoperative delirium (POD) varies with
the type of surgery performed; it can be as low as 4% in
older individuals undergoing cataract surgery and as high
as 65% in individuals undergoing hip arthroplasty follow-
ing fracture.” Early PND, particularly delirium, are asso-
ciated with a significant risk of short and longer-term
complications. It is estimated that at least 10.6% of com-
munity dementia is the direct result of delirium, indicating
prevention of delirium will likely reduce the prevalence of
dementia.'”

Delirium is a neurocognitive disorder associated with
an acute and fluctuating change in attention, awareness,
and consciousness.'! It occurs in three types, hypoactive,
hyperactive, and mixed.'' It is believed hypoactive delir-
ium is more common than any other type and is estimated
to go undetected in up to 60% of hospitalized patients''
due to its presentation, which may include fatigue, apathy,
and sleepiness.

Delirium is associated with an increase in length of
hospital stay, unexpected admission to the intensive care
unit (ICU), institutionalization, postoperative complica-
tions, progression to dementia, mortality, and morbidity.®
POD is also associated with long-term psychosocial
impairment, including distress, isolation, and psychologi-
cal trauma.'? Reducing the incidence of POD has the
potential to improve postoperative outcomes for older
individuals, improve recovery, improve independence,
and reduce the community burden of dementia.

New Cognitive Impairment

As mentioned above, “new” cognitive impairment, as dis-
tinct from POD, occurs in up to 20% of individuals aged
65 years or older up to 12 months or more following
anesthesia and surgery.’ The definition of “new” is used
because patients present to hospital preoperatively as inde-
pendent individuals, signing their own surgical consent,
and having no previous diagnosis of cognitive impairment.
However, we know from a number of studies that approxi-
mately 20-50% of these individuals have subtle cognitive
impairment preoperatively which is only detected if appro-
priate neuropsychological tests are undertaken.>'® This
poses an important question: Is cognitive decline that
occurs in the postoperative period, including POD,
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initiated or exacerbated by the anesthesia and surgery, or is
this the cognitive trajectory the individual was already on?
This is particularly relevant to POD because preoperative
cognitive impairment, even subtle impairment, is asso-
ciated with a greatly increased risk of POD.'*

Accelerated Decline in Patients with

Underlying Dementia

Pre-existing dementia is a leading predictor of POD, and
an episode of POD is associated with an increased risk of
dementia.'®> This complex association makes it extremely
difficult when assessing these individuals during their
hospital admission. Delirium superimposed on dementia
is difficult to detect because of the overlap in symptoms.
The delirium often goes undiagnosed or misinterpreted as
an exacerbation of dementia symptoms.'> It is difficult to
ascertain if any cognitive disruption is the result of POD or
dementia, especially given that in general patients are not
screened for cognitive function preoperatively.

Death

Delirium is known to be associated with a significantly
increased risk of mortality.'* In patients admitted to post-
acute care their risk of 6-month mortality is 5-fold."" There
have been limited studies assessing mortality specifically
following POD. A recent study investigating pEEG to
reduce POD did find an association between pEEG guided
anesthesia and a reduction in 30-day mortality, but no
association was observed between POD and mortality.'®
Other studies have shown an association with mortality
following POD as far as 12 months following surgery.'*
Large, prospective trials are required to identify if the
observed increase in mortality in general medical, ICU,
and geriatric patients who experience delirium'' is simi-
larly increased following POD.

Depth of Anesthesia Monitoring

Electroencephalography was first used to describe differ-
ent planes of anesthetic depth in 1937."7 Subsequently, it
was demonstrated that in the presence of general anes-
thetics that the electroencephalographic oscillatory activity
was organized as a function of frequency.'®'® This orga-
nized electrical activity can be displayed in a variety of
ways, notably as a compressed spectral array
(spectrogram),”® which can present the data as a three-
dimensional plot (power by frequency vs time®') or in

two-dimensions as a density-modulated (or density

spectral) array.”? From these early devices arose the moni-
tors in use today.

Monitored anesthesia utilizing processed electroence-
phalography (pEEG) has become much more common
since the Bispectral Index (BIS) monitor (originally from
Aspect Medical Systems, Norwood, MA) was approved by
the Federal Drug Administration (FDA) in 1996. Depth of
anesthesia monitors, including the BIS (now marketed by
Medtronic; Minneapolis, MN) and Sedline (Masimo, Inc.;
Irvine, CA), use patented algorithms to “summarize”
pEEG to produce a single number between zero and 100.
It is believed that the lower the number, the deeper the
anesthesia. Older patients, who are at greatest risk of POD,
are also at increased risk of burst suppression within the
40-60 BIS range, generally considered the range for gen-
eral anesthesia to be maintained. It is thought that burst
suppression may be associated with POD.* but whether
this is dependent on time of exposure is unclear.

Guidelines

Although the literature remains controversial, it is interest-
ing to note expert panel publications support the routine
use of pEEG monitoring, despite acknowledging it may be
of no benefit in reducing the incidence of POD. In 2018
Berger et al published a “best practices for brain health”
following the 5th International perioperative neurotoxicity
workshop.>* The authors state there is insufficient evi-
dence to support pEEG in reducing delirium, and yet go
on to conclude there is strong support for pEEG monitor-
ing to reduce POD. In 2019 the American Society of
Anesthesiologists Brain Health Initiative published the
outcomes of their summit. Their summary of pEEG stu-
dies reflected the controversial state of the literature, such
that it was not possible to clearly identify a benefit of
pEEG monitoring reducing POD.* Despite this, they
went on to say “older patients might uniquely benefit .. ..
provided by the EEG spectrogram”. This reflects the
uncertainty in the anesthetic community regarding the
benefit of pEEG to reduce delirium.

Current Evidence from Clinical

Trials

Between 2010 and 2014, a series of randomized control
trials (RCTs) examining the relationship between depth of
anesthesia (as measured by BIS, or in one instance, audi-
tory evoked potentials - AEPs) and the incidence of post-
operative delirium were published.’*° These were
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a diverse group of trials, which included patients under-
going a wide range of surgical procedures (ENT, major
noncardiac, and cardiothoracic), variable age range (>18,
40-94, >60 years), 2-log order differences in sample size,
different measures of postoperative delirium (CAM:
Confusion Assessment Method; CAM-ICU: Confusion
Assessment Method for the Intensive Care Unit; DSM
of Mental
Disorders 1V), and variable follow-up periods (from

IV; Diagnostic and Statistical Manual
1 day only postoperatively to up to day 10 or ICU dis-
charge). Despite their seeming heterogeneity, when ana-
lyzed as a group (cumulative sample size n = 1209), the
incidence of delirium was lower in monitor-guided sub-
jects than in those who received non-guided anesthetic
management (relative risk 0.70, 95% confidence interval
(CI), 0.60-0.83; P < 0.0001).>° Collectively, the results of
these studies suggested that a minimal risk intervention,
the use of a simple monitor (BIS or AEP), could reduce
the incidence of delirium, an important postoperative com-
plication, one that is associated with significant costs”' and
morbidity.**** But this assessment was soon to be
challenged.

In 2018 and 2019, two important prospective clinical
trials were published in which the utility of the processed
EEG (pEEG) was considered in relationship to the risk of
developing postoperative delirium.'®* The Strategy to
Reduce the Incidence of Postoperative Delirium in
Elderly Patients (STRIDE) study,’® published in 2018,
was a single-site, double-blind, RCT that enrolled subjects
(age > 65 yr) who were undergoing non-elective hip frac-
ture repair with spinal anesthesia and propofol sedation;
subjects were ineligible for participation if delirium,
dementia, severe chronic obstructive pulmonary disease,
or congestive heart failure were pre-existing conditions.
Five hundred and thirty-eight subjects were screened, of
which 200 were randomized to receive sedation targeted to
a modified observer’s assessment of alertness/sedation
score (OAA/S) of 0-2 (“heavy sedation”; n = 100) or
3-5 (“light sedation”; n = 100); a BIS Brain Monitoring
System (https://www.medtronic.com/covidien/en-us/pro

ducts/brain-monitoring) was used to assess electroence-

phalographic electrical activity. The diagnosis of delirium
was made by a multidisciplinary consensus panel based on
DSM-IV criteria using several data sources, including the
CAM, the Delirium Rating Scale-Revised-98 (DRS), digit
span, a review of medical records, and family/nursing staff

interviews.

There was robust separation between the groups
(OAA/S: 0.2 £ 0.4 vs 4.1 £ 0.9, heavy vs light sedation,
respectively; BIS: 57.0 + 14.8 vs 82.3 £+ 9.4, heavy vs light
sedation, respectively). The overall incidence of delirium
within 1 to 5 days following surgery was 36.5% (n = 73);
in the heavy sedation group, the incidence was 39% (n =
39) while in the light sedation group the incidence was
34% (n = 34); the difference was not significant (P = 0.46,
x* analysis). Perhaps counter-intuitively, when risk-
stratified for preexisting comorbidities (as measured by
the Charlson Comorbidity Index, CCI), subjects with
a CCI = 0 (signifying a low level of comorbidity), heavy
sedation doubled the risk of developing postoperative
delirium (hazard ratio, 2.3; 95% CI, 1.1.-4.9); in contrast,
those subjects with a CCI = 1-3 (indicating a higher level
of comorbidity), the level of sedation did not alter the risk.

So while it might appear that the use of a pEEG moni-
tor has value, the study did not compare the incidence of
delirium as a function of observer rated-sedation to BIS-
measured sedation, and given that both assays provided
a clear separation between the groups, it is possible that
the two approaches are indistinguishable in their ability to
predict who is at risk. But the study was not of general
anesthesia per se, although the deep level of sedation
achieved as indicated by the BIS value would certainly
be consistent with a level of unresponsiveness that would
equate to that seen during general anesthesia; the issue of
general anesthesia was explicitly tested in the next large
RCT to be published.

The Electroencephalography Guidance of Anesthesia
(ENGAGES) published in 2019.'® The
ENGAGE:Ss study was a randomized trial to assess whether

study was

EEG-guided administration of general anesthesia in adults
(age > 60 yr) undergoing major surgery (including cardiac,
gastrointestinal, thoracic, gynecologic, hepatobiliary-
pancreatic, urologic, and vascular procedures) decreased
the incidence of postoperative delirium on days 1 to 5
following surgery. Thirty-nine thousand one hundred and
forty-four subjects were screened, of which 1400 were
enrolled, and 1232 were randomized to receive either EEG-
guided (Bispectral Index Quatro Bispectral Index Quatro;
Medtronic) anesthesia care (n = 614) or routine anesthesia
care (n = 618). The two groups were well-matched across an
extensive range of demographic variables, and the overall
intraoperative management (with regards to median dura-
tion of anesthesia well as doses of midazolam, propofol,
opioids, and neuromuscular blocking agents). Delirium was

measured using CAM, which is well-suited to detect both
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hypo-and hyper-active delirium.>> As might be expected,
subjects in the EEG-guided group had lower median end-
tidal volatile anesthetic concentrations (0.69 vs 0.80 mini-
mum alveolar concentration; difference —0.11 [95% CI,
—0.13 to —0.10]), less time spent in EEG burst suppression
(7 vs 13 min; difference —6.0 [95% CI, —9.9 to —2.11]), and
less time with BIS values < 40 (32 vs 60 min; difference
—28.0[95% CI, —38.0 to —18.0]). The incidence of delirium
between the groups was comparable (n= 157 (26.0%) in the
EEG group vs n = 140 (23.0%) in the usual care group
(difference 3.0% [95% CI, —2.0 to 8.0%, P = 0.22]). Unlike
the STRIDE study, the ENGAGES study did not detect
evidence that EEG-guided anesthesia care provided any
benefit with regards to attenuation of risk. Although
ENGAGES has been criticized on several levels,*® those
concerns have been effectively rebutted.’

The results of the ENGAGES study changed our per-
ception of the utility of pEEG-guided care in preventing
postoperative delirium. In the context of those results, two
different meta-analyses fail to detect an effect. In the first,
Vlisides and Avidan®® pooled the results from the follow-
ing studies: 1) Cognitive Dysfunction after Anesthesia
(CODA) trial,”” 2) Surgery Depth of Anaesthesia
Cognitive Outcome (SuDoCo) trial,”® 3) Being Awake
During Surgery and Anesthesia (BAG-RECALL) study,
and 4) ENGAGES.'® In their pooled analysis (which
applied a per-protocol approach to the results of the
SuDoCo trial), delirium was present in 378/1919 (19.7%)
subjects in the EEG group and 390/1661 (23.5%) in the
non-EEG group; the difference was not statistically sig-
nificant (hazards ratio (HR), 0.764 (95% CI, 0.549, 1.061);
P =0.1061). A comparable negative result with the same
group of studies was obtained in the meta-analysis by the
Perioperative Quality Initiative (POQI) group,”® who
reported a relative risk of 0.80 (95% CI, 0.60, 1.07; P =
0.127). More recently, Sun et al performed a similar
analysis,” but expanded their analysis to include the
results of Jildenstdl et al*® in addition to the four studies
included in the meta-analysis by Vlisides and Avidan. In
this pooled analysis (which did not apply a per-protocol
approach to the SuDoCo trial results), delirium was pre-
sent in 350/1794 (19.5%) of subjects in the EEG group
and 420/1818 (23.1%) of subjects in the non-EEG-guided
group, and the difference was not significant (HR, 0.79
(95% CI, 0.60, 1.05); P =0.101). Thus, the conclusion one
draws from these analyses is that the data do not provide
evidence that pEEG-guided anesthesia care reduces the
incidence of delirium in the postoperative period, and is

consistent with the recent assessment from the
Perioperative Quality Initiative (POQI) 6 workgroup;*' it
is important to note, however, there was a lack of con-
sensus within the Workgroup as to this conclusion, and
those concerns were published online in a separate state-
ment (http://links.lww.com/AA/DS).

More recently, the results of the Anesthetic Depth and
Postoperative Delirium Trial-2 (ADAPT-2) trial were
published.* Similar to the STRIDE and ENGAGES stu-
dies, ADAPT-2 was a single-center RCT, but in contrast,

enrolled subjects age > 65 yr undergoing elective major

noncardiac surgery (excluding intracranial procedures).
The primary objective of the study was to determine
whether the use of a pEEG monitor (SEDline Brain
Function Monitor; Masimo) reduced the extent of EEG
burst suppression, and the secondary outcome was whether
the use of the monitor reduced the incidence of delirium
on postoperative days 1 to 3. Three hundred and eighty-
one subjects were screened, 223 were randomized — 109 to
the EEG-guided care group and 114 to the “standard” care
group (EEG monitoring was performed, but the anesthesia
team was blind to the data). For subjects in the EEG-
guided group, the goal was to maintain the patient state
index (PSI; a proprietary, dimensionless number (scaled
from 0 to 100) that is thought to reflect anesthetic depth,
with PSI values of 25-50 commensurate with a surgical
plane of anesthesia). Although designed as an intention-to-
treat study, the final sample sizes in each group were less
than the randomized sample sizes due to cancellation of
surgery, withdrawal of consent and skin irritation. Thus, in
the EEG-guided group, 101 subjects were included in the
EEG analysis and 100 subjects were included in the delir-
ium analysis while in the “standardized” care group, 98
subjects were included in the postoperative EEG-analysis
with 101 subjects in the delirium analysis. On the whole,
the groups were evenly matched except on the measure of
preoperative cognitive impairment (as measured by the
Telephone Interview for Cognitive Status; TICS), which
was more prevalent in the EEG-guided group than in the
standardized-care group (13/102 [13%] and 8/102 [8%],
respectively). Not surprisingly, subjects in the EEG-guided
care group spent less time (minutes) in burst suppression
than those in the standard-care group (median [IQR]: 4.2
[15.4] and 7.6 [28.3], p = 0.02). In contrast, the incidence
of postoperative delirium [as measured by CAM] was
unaffected (n [%]; EEG group - 17 [17%], Standard
group — 20 [20%], p = 0.53). In addition to using CAM
to measure the absence/presence of delirium, the
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investigators also used the Memorial Delirium Assessment
Scale (MDAS), a validated instrument that measures

43,44
T as

severity, rather than simply presence, of delirium;
with the CAM scores, the MDAS scores were comparable
between the two groups on all days measured. These
findings are congruent with the lack of efficacy for pEEG-
guided anesthesia care as a preventative strategy for redu-
cing postoperative delirium discussed thus far.

This brings us to the recent published study on this
topic, that by Pedemonte et al.*> Unlike the above studies,
this was a retrospective cohort observational sub-study of
the Minimizing ICU Neurological Dysfunction with
Dexmedetomidine-induced Sleep (MINDDS) trial. As
described,

The MINDDS trial is a 370-patient block-randomised,
placebo controlled, double-blinded, single-site, parallel-
arm superiority trial. Patients over 60 years old, under-
going cardiac surgery with planned cardiopulmonary
bypass [CPB], will be randomised to receive a sleep-
inducing dose of dexmedetomidine or placebo. The pri-
of delirium on

mary outcome is the incidence

postoperative day 1, assessed with the Confusion
Assessment Method by staff blinded to the treatment

assignment.*¢

Of note, intraoperative management was not adjusted
based
SEDIine) data. In the present study, of 159 patients who

on available intraoperative pEEG (Masimo
underwent surgery, pEEG data were available on 141. The
incidence of delirium in patients with burst-suppression
during CPB was 25% (15 of 60) compared with 6.2% (5
of 81) in patients without burst-suppression during CPB.
From a series of univariate logistic regression and causal/
mediational inference analyses, they derived a model in
which EEG burst suppression during CPB was a predictor
of postoperative delirium, and the likelihood of experien-
cing burst suppression was a function of physical function,
lowest temperature during CPB, and EEG alpha power.
The fact that identified as
a dependent variable is notable because hypothermia can

hypothermia was
induce burst suppression on the EEG,*’ and although the
argument has been made that intentional induction of burst
suppression by any means (temperature or anesthetic drug)
may offer some degree of neuroprotection against
ischemic injury, the evidence in humans supporting this
conjecture is poor.**** Similarly, the correlation with the
EEG alpha signal is relevant due to the observation that 1)
lower intraoperative frontal alpha power correlates with

lower cognitive  function®® and  2)

a pronounced EEG alpha component during emergence

preoperative

from general anesthesia was associated with less delirium
in the recovery room.”!

With those considerations in mind, the obvious infer-
ence of the MINDDS model is that if anesthetic adminis-
tration is titrated to the alpha signal then it might be
possible to reduce the incidence of postoperative delirium
in this patient population (of interest, time spent in burst
suppression does not correlate with time to emergence or
the degree of cognitive impairment upon emergence from
anesthesia in healthy adults.’” But the data are only corre-
lational, and an appropriately designed study is needed to
explicitly address this hypothesis. Importantly, the regres-
sion/inference analyses did not account for dexmedetomi-
dine administration, and without unblinding, any
meaningful inferences as to causal relationships are
questionable.

Another important recent study adds to our understand-
ing of how pEEG monitoring might be useful while also
proving insights into the underlying biology of delirium in
the postoperative period.” Here, usable EEG data were
collected from 70 subjects before and after surgery
between 2015 and 2019 who were previously enrolled in
either Interventions for Postoperative  Delirium:
Biomarker-3 (IPOD-B3), a cohort study of adult patients
(age > 65 yr) undergoing major surgery (www.clinical
trials.gov number: NCT03124303) or Interventions for
(IPOD-B2),

a cohort study of adult subjects undergoing thoracic aortic

Postoperative  Delirium:  Biomarker-2
aneurysm  repair  (www.clinicaltrials.gov ~ number:
NCT02926417). Additional measurements included a 10
cytokine panel which consisted of interleukin (IL) 1 (IL-1)
B, IL-1 receptor antagonist, IL-2, IL-4, IL-6, IL-8, IL-10,

IL-12, monocyte chemoattractant protein 1 (MCP-1), and

tumor necrosis factor (TNF) o and diffusion tensor ima-
ging (DTI). Postoperative delirium was diagnosed using
either CAM (if not requiring mechanical ventilation) or
CAM-ICU (if mechanical ventilation required) methodol-
ogy; of the 70 subjects, 22 (31.4%) were diagnosed with
delirium and 48 (68.6%) were without delirium. Subjects
who experienced postoperative delirium had higher alpha
(6-12 Hz bandwidth) power on the preoperative EEG
along with increased preoperative alpha band connectivity,
but impaired structural connectivity on DTI; postopera-
tively, these subjects had increased slow wave activity
(SWA, which included 6, 0.5-4 Hz and 6: 4-6 Hz band-
width activity) in occipitoparietal and frontal cortices
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along with impaired functional connectivity. In contrast,
frontal alpha power increased postoperatively in subjects
without delirium. Of the cytokines measured, there were
statistically significant changes in MCP-1 (r* = 0.192; P =
0.002) and IL-10 (r* = 0.200; P = 0.002) that correlated
with both delirium severity and delirium incidence.

This work validates prior observations that decreased
alpha band connectivity may predispose to delirium in the

postoperative period”*>

and is the basis for the suggestion
by the authors that “manipulation of alpha band connectiv-
ity may yet prove to be a therapy for delirium.” Implicit in
this suggestion is the concept that titrating the dose of

anesthetic (volatile or intravenous) to produce the desired

EEG alpha signature will minimize the incidence of POD.
Presumably the preoperative EEG characteristics associated
with postoperative delirium are unlikely to be easily, or
quickly, modified. An important limitation in the present
study is the absence of intraoperative EEG data, but this
merely provides opportunity for additional studies to deter-
mine if it is possible to target intraoperative anesthetic
administration to a pre-specified EEG pattern of activity
(other than avoiding burst suppression) to achieve the
desired outcome. The correlation of EEG alpha, POD and
MCP-1 and IL-10 provides a biologic link between inflam-
matory pathways and the development of POD. Whether
the changes in MCP-1 and IL-10 result from anesthesia

Table | Trials Registered with ClinicalTrials.gov Examining the Impact of EEG-Guided Anesthesia Care on Postoperative Delirium

ClinicalTrials. Study Title Actual/ Status
gov Number Projected
Enrollment
NCT01983384 Anesthetic Depth and Postoperative Delirium Trial - 2 205 Completed; results
published - Tang et al
2020%
NCT02133430 Optimized Anesthesia to Reduce Incidence of Postoperative Delirium 140 Status unknown: Last
update posted: May 12,
2014
NCT02382445 Anesthesia Depth Increases the Degree of Postoperative Dementia, 138 Completed: Last update
Delirium, and Cognitive Dysfunction (BIS & Dementia) posted: May 9, 2017
NCT02604459 Does Optimized General Anesthesia Care Reduce Postoperative Delirium? 160 Status unknown: Last
update posted: June I,
2017
NCT02692300 EEG Guidance of Anesthesia (ENGAGES-CANADA) 1200 Recruiting
NCT02698982 Optimized Anesthesia to Reduce Postoperative Cognitive Impairment in the 41 Completed: Last update
Elderly posted: Dec. 26, 2017
NCT03330236 EEG - Guided Anesthetic Care and Postoperative Delirium (EMODIPOD) 1560 Completed: Last update
posted: Sept. 25, 2019
NCT03705728 Automated Administration of Intravenous Compared With Inhalatory 1000 Recruiting
Anesthesia on the Occurrence of Postoperative Delirium
NCT03706989 Predicting Postoperative Delirium Using EEG, Genetics and 480 Recruiting
Neurobiomarkers of Cerebral Injury (POD-01)
NCT03775356 Reduction of Intraoperative EEG Burst Suppression (BsR) 66 Recruiting
NCT04246320 Taking Brain Monitoring to the Next Level 60 Recruiting
NCT04292561 Intraoperative EEG Monitoring and Postoperative Delirium in Elderly 500 Recruiting
Patients With Sevoflurane Anesthesia
NCT04443517 Modulation Of Frontal EEG Alpha Oscillations During Maintenance and 600 Not yet recruiting
Emergence Phases of General Anesthesia
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per se or represent surgical-induced inflammation (or an
interaction between the two) is unclear, but previous work
has shown that anesthetic administration on its own does
not result in an increase in serum inflammatory biomarker
(C-reactive protein (CRP), glial fibrillary acidic protein
(GFAP), IL-6, neurofilament light (NF-L), and TNF-a)
production.’® Adding further nuance to this picture are the
results from a single-center placebo-controlled trial of dex-
amethasone (1 mg/kg) administered on induction of
anesthesia in subjects undergoing cardiopulmonary bypass
surgery (the Dexamethasone for Cardiac Surgery (DECS)
trial) which failed to demonstrate a reduction in postopera-
tive delirium using the CAM-ICU method.”’

Conclusion

Reducing postoperative delirium is a laudable goal. The
issue of whether pEEG-guided anesthesia care can reduce
postoperative delirium remains hotly contested.”® % It is
not a trivial question, and any future recommendations
concerning its use should be based on solid evidence. At
present, the existing data do not support its routine use for
the prevention of postoperative delirium. One could argue
for its use on the basis of the “What’s the harm?”” argument
as it is a non-invasive device with no obvious use-
associated risk (skin irritation notwithstanding). But this
claim fails as there is harm as its use has associated costs
(both economic and environmental due to the costs of
consumables acquisition and disposal) without evidence
of benefit. Consequently, that argument fails a guiding
principle of medical ethics, that of nonmaleficence (the
requirement to do no harm to the patient), and may fail
another ethical principle, that of beneficence (the require-
ment to provide benefit to the patient), depending on the
intended benefit. A Boolean search of interventional clin-
ical trials in adults registered at www.clinicaltrials.gov

(search terms: “anesthesia”, “postoperative delirium”,
“EEG”) identified a number of trials in various stages of
activity (Table 1); six are large, with target enrollments >
500, and collectively these studies will seek to enroll 6150
subjects. While no one study will likely answer the ques-
tion, the studies in aggregate may provide clearer insight
into which patients, if any, will benefit from this interven-
tion. In the meantime, pEEG-guided anesthesia care may
be reasonable if the goal is to facilitate rapid emergence

and recovery®'®*

and certainly in the context of well-
designed clinical trials.
The answer to the question of whether pEEG-directed

minimization of anesthetic exposure will likely lead to

a reduction in POD is unknown. The answer will likely
hinge on a more sophisticated understanding of the inter-
relationship of EEG signatures during the conscious state
and during anesthetic-induced loss of consciousness.®> ¢’
Similarly, merely relying on the pattern of activity
obtained from sampling the frontal EEG may well be
insufficient®® given the role connectivity plays in predict-
ing POD as demonstrated by Tanabe and colleagues,’® and
the next generation of pEEG monitors should incorporate
the ability to measure posterior electrical activity.
Inflammation, and by extension, neuroinflammation, is
almost certainly linked to the more protracted phenom-
enon of postoperative cognitive dysfunction,® but what
role it plays in the short-term ontogeny of delirium is less
clear, and disentangling the influence of surgical-induced
inflammation on the development of postoperative delir-
ium and postoperative NCD will be an ongoing challenge.
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