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Does the use of processed EEG monitoring (i.e. depth of anesthesia monitoring) during
general anesthesia reduce the risk of post-operative delirium?

Processed EGG may have arole in reducing the risk of delirium and other neuro-
cognitive outcomes by allowing anesthesiologists to target specific depths of anesthesia,
reducing exposure to anesthetic agents (1). Processed EEG (BIS) has good evidence for the
improvement of drug delivery and emergence, as well as the prevention of awareness, but its
utility in preventing post-operative delirium is less clear (1).

The most significant review of the subject remains the 2018 Cochrane review, which
included six randomized controlled trials and 2929 participants examining processed EEG or
evoked-potential indices-guided anesthesia alongside usual-care anesthesia (1). The primary
outcomes were the occurrence of postoperative delirium and post-operative cognitive
dysfunction. The review concluded there was moderate quality-evidence to suggest that EEG
could reduce the risk of delirium in patients over 60 after non-cardiac from 21.3% to 15.2%
(NNT 17) and non-neurological procedures, and evidence that post-operative cognitive
dysfunction was reduced at three months from 9.1% to 6.4% (NNT 38). Notably, however, the
was little to no evidence that processed EEG reduced length of stay or post-operative all-cause
mortality, both important sequelae of post-operative delirium. Several important limitations
include the exclusion of patients under the age of 60, heterogeneity the lack of blinding of
anesthesia providers and incomplete data outcome in three of the included studies.

Since 2018, several further studies have been published exploring this question.
ENGAGES, published in 2019, is an RCT of 1232 patients aged 60 or older comparing the use
of processed EEG to usual anesthetic care; the study notably stratified on both cardiac surgery
and a history of falls as both are known risk factors for post-operative delirium and potential
confounders (2). No difference in post-operative delirium was found between study arms.
ENGAGES has been criticized for the relatively minimal difference in amount of administered
anesthetic betweenarms and a lack of published BIS values, suggesting a possible bias toward
the null hypothesis (3).

A 2021 sub-study within the BALANCED trial, an RCT looking at the effect of
processed EEG and anesthetic depth on a wide variety of perioperative outcomes, compared a
targeted depth of 35 (deep anesthesia) to 50 (light anesthesia) on the effect of post-operative
delirium and longer-term cognitive outcomes in 515 patients (4,5). The BALANCED substudy
found a reduction of post-operative delirium from 28% in the deep anesthesia group to 19% in
the light anesthesia group (NNT 11) (5).

Some studies have restricted their scope to particular procedures. STRIDE is a 2018
study comparing light to heavy propofol sedation during hip fracture repair (6); although the
depth of sedation was primarily observer-assessed, significant separation of the two groups by
BIS values was noted (82 vs. 57) (6). While no difference in post-operative delirium was noted at
the primary analysis, a secondary analysis suggested that patients with no comorbidities may
benefit from the use of light sedation with respect to post-operative delirium. eMODIPOD was a
2021 study that looked at the use of SedLine in laparoscopic surgery in patients over the age of
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50 receiving propofol-remifentanil anesthesia; no difference in incidence of post-operative
delirium was found between groups(7).

In summary, there is low-to-moderate quality evidence that the use of processed EEG
may reduce the risk of post-operative delirium. This is consistent with a mechanistic
understanding that excessive doses of anesthesia may damage the brain through either a directly
toxic effect (8) or augmenting the neuroinfllmmatory response to surgery (9). Recommendations
for use of processed EEG have appeared in guidelines, however with recognition that there is
limited evidence for its use. In studies where processed EEG has been found helpful, the NNT is
relatively low, suggesting it may be beneficial in a reasonably large number of patients.

The recommendation of processed EEG use has multiple caveats. Its use in patients under
60 is generally not studied, although these patients are less likely to experience post-operative
delirium. It is also not clear which patients may necessarily benefit from this: while many
clinicians may select patients whose co-morbidities suggest they are at high risk of post-
operative delirium, the STRIDE trial counterintuitively found benefit in patients with no
comorbidities instead (6). While processed EEG has low risk of harm, it is a disposable monitor
with an implementation cost and environmental impact. It is also unclear if it may allow for cost
savings, such as reducing OR time or length of stay. Furthermore, many of these results are at
risk of publication bias as there are many studies that have been registered with clinicaltrials.gov
but have not completed or published, calling into the question of missing data (10). In addition to
other anti-delirium measures, such as avoidance of benzodiazepines, adequate pain control,
appropriate fluid administration and maintenance of sleep-wake cycles, processed EEG may
provide anadditional data point for the prevention of delirium.

Editor’s Note: The current highest quality data does not convincingly support the use of
PEEG to reduce post operative delirium risk. The fundamental tenants of prevention remain
avoiding polypharmacy (including benzodiazepines and meds with central cholinergic activity),
hypothermia, anemia, dehydration, sleep disruption, pain, and immobilization. Customized,
multidisciplinary care team approaches for high risk individuals (such as the Hospital Elder Life
Program) are likely to be of benefit.
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