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complication in geriatric surgical patients, associated with higher
complications and prolonged hospitalization. Electroencephalography
(EEG) abnormalities, particularly generalized slowing, reduced alpha
power, and burst suppression, have long been linked to delirium and
may identify brains that are particularly susceptible to POD, or
“vulnerable brains”. Recent evidence suggests that intraoperative EEG
patterns predict POD risk, while portable and automated EEG systems
offer emerging tools for detection and monitoring. This systematic
review synthesized findings across the perioperative phases to evaluate
the EEG’s role in predicting, diagnosing, and managing POD. Thirty-
one studies were analyzed, spanning pre-, intra-, and postoperative
EEG applications. Most cohorts included adults aged 60 or older
undergoing cardiac, general, orthopedic, or neurovascular procedures.
Consistent EEG markers of delirium vulnerability included reduced
alpha power and peak frequency, increased delta/theta activity and
burst suppression, and decreased spectral edge frequency and entropy.
Predictive accuracy ranged from AUC 0.70 to 0.90, with most PODs
occurring within 0—48 hours postoperatively. Across studies, EEG
signatures: low alpha activity and prolonged burst suppression,
preceded clinical symptoms. This supports EEG as an early, objective
biomarker of cortical fragility. While single-channel systems improved
feasibility, raw and quantitative EEG offered superior sensitivity.
Standardized protocols, multicenter validation, and integration with
perioperative care systems are needed to translate the EEG-guided
monitoring into delirium prevention strategies.

Copyright: ©2026 Villanueva et al. This open-access article is distributed under the Creative Commons
Attribution License terms, which permits unrestricted use, distribution, and reproduction in any medium,
provided the original author and source are credited.

INTRODUCTION

Postoperative delirium (POD) is a common, morbid neurocognitive complication among older surgical
patients, associated with higher in-hospital mortality, major complications, prolonged length of stay, and

non-home discharge. It usually occurs in 20% of patients after surgery [17]. In a recent national cohort of
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over 5.5 million U.S. surgical hospitalizations, POD was linked to approximately 3.5-fold higher odds of
death or major complications and approximately 4-fold higher odds of non-home discharge, underscoring
its clinical and health-system burden [21]. Incidence varies widely by procedure type and urgency.
Systematic reviews report an incidence of about 19% after elective surgery and about 32% after emergency

procedures, with a higher risk after complex cardiac and abdominal operations [35].

Clinically, delirium is an acute, fluctuating disturbance in attention and awareness that develops over hours
to days; dementia is a chronic, progressive decline across cognitive domains evolving from months to years.
Importantly, delirium is often preventable and reversible if precipitants are addressed, whereas most
dementias are not [18]. Electroencephalography (EEG) provides a direct window into cortical network
dynamics and has long been recognized to exhibit characteristic changes during delirium. Qualitative and
quantitative studies consistently show generalized slowing, with increased delta/theta power, reduced
alpha power, and diminished functional connectivity (Table 1). Additionally, the degree of slowing
correlates with delirium severity [34]. Beyond diagnosis, EEG may stratify risk. Intraoperative burst-
suppression, which is an ultra-slow, high-amplitude pattern signifying cortical inactivation, has been
associated with higher POD risk in meta-analyses, highlighting anesthetic depth as a modifiable factor [23].
Parallel advances in point-of-care and reduced-lead EEG suggest pragmatic screening pathways on wards
and in ICUs, with portable systems and automated qEEG features showing promise for differentiating

delirium, including delirium superimposed on dementia, and forecasting adverse outcomes [31].

Alpha Power The strength of brainwave activity in the alpha frequency band
(8-12 Hz)

Peak Frequency The frequency with the highest power within a certain band

Burst Suppression A pattern of severe brain inactivity, showing sudden, high-

voltage bursts of brain waves followed by long periods of flat,

suppressed (low-voltage) electrical activity
Spectral Edge Frequency (SEF) The frequency at which 95% of the power is located

(Spectral) Entropy Quantifies the complexity, disorder, or unpredictability in EEG
waves. Higher values typically indicate wakefulness and higher

complexity. Lower values suggest deep sleep or anesthesia.

Table 1. Definitions.

This review synthesizes clinical evidence on EEG use in the context of postoperative delirium across three
phases: 1) pre-/intraoperative EEG as a risk marker and target for anesthetic titration (e.g., burst-
suppression minimization); 2) postoperative diagnostic and severity monitoring using conventional and

quantitative EEG; and 3) implementation considerations for portable EEG screening in surgical and
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critical-care settings, including differentiation from dementia. We conclude by outlining the key knowledge
gaps and the priorities for future trials that aim to integrate EEG into perioperative delirium prevention

and postoperative care.

METHODOLOGY

Our systematic review followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines. Google Scholar, PubMed, and the University of Texas at Dallas Eugene McDermott
Library were used to retrieve studies examining the association between EEG and postoperative delirium.
Studies published in the last 10 years (2015-2025) were included in the search. All searches were made, and
articles were accumulated on September 15, 2025. The same search string was used with each database:

“EEG neuromonitoring and postoperative delirium patients”.

Once studies from databases were imported into Zotero, duplicates were removed, and the remaining
studies were divided evenly among authors for initial screening. Included studies had to be in English,
include multiple human participants, include all details of an original study, and be relevant to both EEG
and postoperative delirium. As a result, excluded studies were either 1) not in English, 2) case studies, 3)
animal studies, 4) review papers, or 5) were deemed irrelevant by the authors. Studies deemed irrelevant
may have discussed POD but not EEG or discussed EEG but lacked a notable focus on postoperative
delirium outcomes. The remaining studies were divided again for eligibility assessment, in which each
author individually searched for PDFs, attached them to Zotero, and screened the full studies to ensure they
met all criteria. Any articles that were not available online were retrieved through UTD’s interlibrary loan.
Details of the screening process, including inclusion and exclusion criteria, are presented in the PRISMA

diagram (Figure 1).

RESULTS

Management of Study Heterogeneity

Considerable heterogeneity existed across the included studies regarding the surgical population, the
timing of EEG acquisition during perioperative care, and anesthetic protocols. To address this, findings
were synthesized using a structured narrative approach rather than a meta-analysis. Results were
intentionally stratified by each category of variability: perioperative phase (pre-, intra-, and postoperative),
delirium assessment window (PACU, early POD 0-48 hours, POD days 1-5), and surgical category (Table

2). Summary tables were used to organize evidence by surgery type (Table 3), by timing of delirium onset
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(Table 4), and by the best-supported EEG markers by perioperative phase (Table 6). By organizing results
across perioperative phase, surgical context, and outcome timing, this approach highlights clinically

actionable EEG markers while remaining transparent about inter-study heterogeneity.

Identification of studies via databases and registers
'g Records identified from™: Fecords removed before
Google Scholar (n = 279) screening:
E Pubmed {n = 96) Duplicate records removed (n
3 UTD Library (n = 29) = 33)
Records excluded™ (n = 287)
Case Studies (n = 5)
Remrds_ screenad -| Animal Studies (n=3)
(n=371) Not Original Research (n = 60)
Mot Relevant (n = 187)
Mot in English {n = 32)
Reports sought for retrieval )
o (n = 84) — | Reports not retrieved
£ (n=0)
:
?
Reports assessed for eligibility
(n=84) Reports excluded: (n = 53)
Mot Original Research (n =
15)
Mot Relevant (n = 38}
ki
E Studies included in review
i {n=131)
=
Figure 1. PRISMA Chart.
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p:t(i)(t:rlllts Sample Basic Methodology Key Results Main Discussion Points
32-channel awake EEG pre-op (eyes
closed vs eyes open); inattention and Lower alpha attenuation pre-op was Blunted pre-op alpha suppression with
1 n=71 >60y, older delirium features assessed pre-op and associated with higher odds of eye opening may be a neural biomarker of
=7 adults 2x/day post-op until discharge; postoperative inattention (OR 0.73) and | vulnerability to postoperative attentional
multivariable regression adjusted for higher delirium severity (OR 0.79). deficits/delirium.
age & MMSE.
Median age 64 | Retrospective cohort; continuous POD incidence 23.7%; significant EEG Il;trrséii;)t% rﬁiﬁ)ﬁiﬂgzzizl;?;?lgaﬂ
(no POD) vs intraoperative EEG during change in 11.3% overall; EEG change Si nal of brain is cgl;emia and stron }17
67 (POD); cardiovascular surgery; ICU delirium doubled POD risk (adj OR 1.97); signa. ol brain 11a and strongly
2 n=1,161 I . = - . identify high-risk patients; this may
~30—-38% scored repeatedly with ICDSC (24 = persistent EEG change had even higher enable intraoperative intervention
female, higher | POD); EEG changes labeled transient risk (adj OR 2.65); specificity 91.5%, isine M APp fusi
in POD group Vs persistent NPV 78.7% (raising » reperfusion) to prevent
i T POD.
Retrospective cohort; adults POD incidence 21.8% (126/578). A 4 .
undergoing cardiovascular surgery significant IONM change doubled the i?;cilﬁfrgfi/r zsitslf/:tlz) Ccélrzg%zls likely
Mean age 64.8 | with continuous intraoperative odds of POD (OR 2.02). Baseline EEG hybo erfusiorr)r these alerts can identify
3 n=578 y1; 20.2% neuromonitoring (EEG + SSEP); POD abnormality also doubled the odds of hyphEisk bra'n’s and allow immediate
female screened repeatedly in ICU using POD (OR 2.34). Combining EEG and 18 DS W1 late
RGN L : o o hemodynamic intervention to potentially
ICDSC =4; logistic regression for SSEP had high specificity (~94%) for deliri
predictors, POD. prevent delirium.
Median age 71 Retrospective cohort of carotid POD incidence 11.1% (47/425); ggg‘l;:ﬁf Isosll\llMecS};?I?gi:r(:sfﬁmany
(no POD) vs endarterectomy cases; continuous significant IONM change in 15.3% of hypope rﬁ?siongg%\re a Etron earl
4 n=425 75 (POD); intraoperative EEG + SSEP; POD in patients; IONM change tripled POD risk w}z’iIl)rnIi)n sien of delirium argl Al m'z enable
~32-39% ICU scored by ICDSC =4; logistic (aOR 3.94, 95% CI 1.91 -- 7.98); SSEP intrao ge ra%ive rescue (raisin BPy
female regression adjusted for age and ASA. change alone had aOR 5.15. D ¥ & b
shunting, restoring flow).
_ Retrospective cohort; adults - o . Real-time intraoperative
Mean age 54 undergoing craniotomy for aneurysm POD incidence 30.4% (83./ 273); o neurophysiologic changes (especially
58 yr (POD vs . S ) significant IONM change in 15.4% of .
clipping with intraoperative EEG + : o SSEP drops suggesting focal
no POD); e » cases; IONM change 1 POD risk (45.2% . 2 . . .
5 n=273 SSEP monitoring; “significant” IONM N hypoperfusion) identify brains at risk for
~75% male vs 27.7%); adjusted OR 2.09 (95% CI
o change defined per ACNS criteria; AR i postoperative delirium and may
overall (76.3% deliri d twice daily in ICU 1.01-4.32); SSEP changes alone also difiable i .
v$ 73.5%) elirium screene twice daily in predicted POD (aOR 2.17) reprgsent amodifiable intraoperative
using ICDSC >4. i warning signal.
. . POD incidence 24.5% (115/470);
SsrlrgrsI;?fltwcer;ﬁiho(i?r’nadfl(l)lrtsaneu <m significant IONM change occurred in Real-time intraoperative
clippt I%g wigth continuois Iy 30.4% of POD vs 12.7% of non-POD; neurophysiologic changes, especially
Median age intraoperative neuromonitoring IONM c(l)/la(rzllge doubled l?(s)é)E;Skh(aOR ESEP dr(f)p§ suggesting cerebrlal )
6 n=470 5657 VT; (IONM: SSEP + EEG); POD identified 2.41, 95., 0 1.40—4.17); change lypopertusion, are str‘ong early warning
b ¢ h > alone similar (aOR 2.49); ruptured signals for postoperative delirium; EEG
~75% female in ICU by ICDSC 24 and on wards by s
ICD codes; multivariable logistic aneurysm (aOR 2.76) and new ] alone was lesg predlctlve: Thpse mark.ers
re ression’a diusted for clinieal and postoperative focal neurologic deficit could enable intraoperative intervention
reg Ad) (aOR 2.11) also independently increased to reduce the risk of POD.
intraoperative factors. .
POD risk.
=60 yr; Randomized factorial trial; at surgical Propofol reduced alpha power al")ld .
: . . increased burst suppression (66% vs In older adults, giving propofol at
median age closure, patients got either a short o . N A .
X N . . ) 34%) during emergence, but PACU emergence did not reduce immediate
~73 y1; ~75% propofol infusion or routine deliri <l 6.79 . delirium: 1 Ipha / hieh b
7 n=200 male overall desflurane wean; intraop EEG elirium was similar (36.7% vs 33.3%); elirium; low alpha / high burst .
> . patients with “disorganized thinking” suppression marks a “vulnerable brain”
(more males (frontal) analyzed; PACU delirium . 5 5 .
b N . had lower MoCA, lower intraoperative with delayed cognitive recovery and
in propofol assessed ~30 min after extubating alpha power, greater burst suppression longer hospitalization
group) with 3D-CAM, CAM-ICU, NuDESC. Pha POWET, § pp g 3 3 g
and longer stay.
Retrospective before/after evaluation;
Mean age 57 hospital-wide adoption of
yrs overall: intraoperative processed EEG (pEEG) POD fell from 1.18% to 0.41% overall, Routine depth monitoring to limit
3 n=7.218 POD cases in July 2015 to titrate anesthetic and and from 5.1% to 1.56% in >75 yr; pEEG | anesthetic overdose/burst suppression
=73 older (74 yrs). | avoid burst suppression; POD use lowered POD odds (aOR 0.33) may prevent early POD, especially in the
~45% male screened twice daily for 72h postop independently. oldest patients.
overall. (Nursing Delirium Screening Scale +
CAM).
VMSegéari?ifjl Single-center prospective cohort; POD incidence 8.8% (11/125); lower
POD V}; POD); continuous 4-channel frontal EEG intraoperative alpha power Low frontal alpha during stable
~62% female > under general anesthesia; extracted independently predicted POD (OR anesthesia reflects a “fragile brain”;
9 n=125 0ve3raoll' POD band power (delta/theta/alpha/beta) 10.21); other independent risk factors: combining EEG with simple preop
s was’ older ~1 hr into surgery; POD assessed twice | age >75, preop anemia, preop screens (cognition, anemia, mood) can
Ia)n d more daily with 3D-CAM/CAM-ICU for 72 depression, low MMSE; MMSE =25 was | flag high-risk patients early.
often ASA TII hrs postop. protective. AUC for alpha ~0.74
Multicenter RCT in >70y hip fracture
surgery patients; randomized to twice- . . . Automated single-channel EEG screening
. daily postoperative delirium screening No d1ffere.nce mn ‘len.gth of st.ay.(medlatl’n 7 | was feasible but did not shorten stay, did
Median age 81 . vs 7 days); POD incidence similar (17% .
P with automated EEG (DeltaScan) vs o X not outperform standard bedside
10 n=388 yrs; 61% . DOS vs 19% EEG); DOS had better . . N
standard nurse-rated DOS for 3 days; o SO screening, and is less practical/cost-
female y - . delirium discrimination (AUC 0.84) X A R
primary outcome = hospital length of than EEG (AUC 0.66) effective for routine geriatric hip fracture
stay; delirium diagnosed by e care.
geriatrician.
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Total Sample Basic Methodology Key Results Main Discussion Points
patients
560 VI g;étlgélé%r }}ﬁ:&ciﬁiac}ltggery with POD incidence similar: 18.15% (EEG- Minimizing EEG suppression during
me di}:; r; age anes’thetic fitrate dgto re%uce burst guided) vs 18.10% (usual care); no cardiac surgery did not prevent delirium
1 n=1140 071 r'g suppression: control = usual care: difference in ICU or hospital LOS; EEG or shorten stay; delirium risk was instead
=114 Z ; I}Illiile bliII)I % d delil’“ium asse;sment POD’1— guidance lowered anesthetic dose and associated with age, EuroSCORE II, prior
O\Zesraoll with 8 AM / CAM-ICU plus chart 5 cut suppression time by ~7.7 min but delirium, depression, longer anesthesia,
review. P did not change outcomes. and longer EEG suppression.
>60 yr, mixed Multicenter RCT; BIS 50 (“lighter”) vs . o . .
12 n=r1 sex (approx. BIS 35 (“deeper”); delirium assessed POD 19% (BIS 50) vs 28% (BIS 35); OR }EL%};I"‘S;EESLS‘?’S?;%(i:éfi}slzselﬁr(i?ntqh;rﬁs
=515 balanced postop days 1—5 with 3D-CAM / CAM- | 0.58; absolute | ~10%. improveIs)pcognitive outcomes
across groups) | ICU. |
Randomized trial 260 yr; EEG-guided | The titration group had slightly higher . .
€73+ 7Yr; entanyl? / desflurane| to maximize early alpha (+o0. at +20 min), more . A . .
v | oo e e | cavaipha (o8 b izommmore | Fronldbbain sl oty
13 n=200 ~72% male in frontal alpha vs routine care; PACU fentanyl, less desflurane, but PACU 1 4 . L .
.. . . L o o ower immediate delirium or improve
both groups delirium scored with 3D-CAM ~30 delirium was similar (37% vs 33%, recove
min after extubating. P=0.553). Ty
Prospective observational; daily
CAM/CAM-ICU delirium assessments Lower occipital alpha power and higher .
Older adults' + serial frontal/occipital EEG (eyes theta/delta power were associated with A gma}l bedside EEG montage can .
(=60 years); T L .. b objectively track the presence, severity,
_ . open / eyes closed); mixed-effects delirium and greater delirium severity; . p
14 n=26 mixed sex (not . and recovery trajectory of postoperative
limited to one modeling of EEG band power frontal theta power changed delirium, suggesting EEG spectral power
(delta/theta/alpha) vs delirium systematically as delirium resolved over . i )
sex) presence, severity, and recovery over days as a practical delirium biomarker.
time.
Abnormal aEEG amplitude (very low or
63.3 £ 10.5yr qEEG in the first hour after ICU very high in quartiles Q1/Q4) strongly A brief, limited-montage bedside qEEG in
VS 54 + 13.1 arrival post—cardiac surgery; delirium predicted POD (adj OR ~12.4); qEEG the immediate ICU period can identify
15 n=60 yr); ~65% (CAM/CAM-ICU) followed up to 7 peak F3—P3 had AUC 0.81 (90% sens / high-risk brains after cardiac surgery and
male in both days; EEG band power and complexity | 72% spec); delirium pts had lower alpha, | may enable earlier intervention than
groups features tested for POD prediction. higher delta, higher delta/alpha ratio, clinical screening alone.
and altered complexity patterns.
— Y -
Median age 56 | Prospective observational study across PACU deh“““? in 20%; intraoperative . .
n=626 AR . . . burst suppression during maintenance 1 | Specific EEG signatures (burst
vs 63 yrs (no- 4 hospltals, continuous intraoperative . « N . A
enrolled delirium vs frontal EEG + emergence EEG: CAM- odds (adjusted OR 1.66); “unfavorable suppression and no-spindle emergence)
16 (125 with delirium); ICU screening -1 agn d ~60 min after emergence trajectories lacking spindle- mark brains that wake “cognitively
PACU % fema’le PACU arrivalgto d5ia nose PACU dominant alpha activity 1 odds up to fragile,” and PACU delirium is an early
delirium = g?fe;all (61% delirtum: perio era%ive and 20-da ~6.5x, especially with ketamine or N20O; | warning linked to worse recovery and
20%) male) N outcome; Ic)ollefte d 3 y PACU delirium doubled 30-day longer hospitalization
: readmission and prolonged LOS.
828
included Mean age ~70 Secondary analysis of prospective
(73 POD / yrin POD vs cardiac surgery cohort; intraoperative
755 no ~64 yr no frontal EEG under isoflurane (CeMAC ;2ﬁ£;;211f?ggr ftr:(ng aé iilsphzi{(z).g < Slower intraoperative alpha frequency is
POD); 328 | POD (pre- 0.7—0.8) before bypass; extracted peak SO0 p . 9 34 a marker of a “vulnerable brain” in
17 X o K 0.001, and this difference persisted after .
after match); alpha frequency (6—17 Hz); POD matching: slower alpha remained cardiac surgery and may be an early
matchin; mostly male 1dentifie validated chart review; . . . 1omarker of delirtum risk.
hing ly mal identified by validated ch ' inde en?léntl assocplated with POD, bi ker of deliri isk
(67 POD / cardiac propensity score matching on 18 P y :
261 no population clinical variables.
POD)
Prospective obs.ervational stud}'f;' POD incidence 0.73% (6/815); all cases Even in.a relati\'/e;ly young rural. surgical
adults >21 yr with normal cognition . : . population, delirium clustered in older,
Mean age 43 + . . age >60; POD associated with ASA II, ) ? . .
AP (MMSE >25) undergoing elective . higher-acuity patients and was linked to
12.6 yr; 61% : . longer surgery (>180 min), longer N . .
_ ’ noncardiac surgery under GA; CAM . . modifiable intraoperative factors
18 n=815 female; all . anesthesia (>120 min), sevoflurane (vs . .
POD used daily for 7 postop days; . (depth/agent choice, hemodynamics,
cases N . desflurane), >2 L fluids, >1 L blood loss, g .
perioperative factors (ASA class, . . fluid/blood management). Screening for
were >60 yr . ) transfusion, hypotension, and L . g
fluids, blood loss, duration, agent, . . K cognitive impairment pre-op (MMSE)
- ’ indwelling catheters/drains. s
hypotension, drains, etc.) analyzed. may help prevent complications.
Single-center prospective cohort; - o i
. elective cardiac surgery with bypass; 5- PO.D.mmden.ce 29.5% (65/220); Low intraoperative alpha power reflects a
Median age 71 min frontal EEG ~30 min after delirium patients had lower “yulnerable brain,” correlates with worse
yr (delirium induction; extracted alpha (8—12 Hz) intraoperative frontal alpha power (- preop cognition, a’nd can flag high-risk
19 n= 220 pts older: 74 (g X 14.0 dB vs —11.6 dB, P<0.001); lower . > A .
X o power; delirium screened 3x/day in . . patients early—potentially replacing full
vs 67); ~81% : : alpha power predicted POD (adj OR e : \
ICU and 2x/day on ward using CAM o neurocognitive testing when that’s not
male overall . . 0.88 per dB, 95% CI 0.81—0.96) when .
ICU/CAM + chart review until o icluded practical.
discharge. cognition was not included.
Prospective observational cardiac . O T s . .
surgery cohort with continuous 52;) : I(Illis,clh/zl; eggig??g;gfgﬁfgﬁ :;1 Intraoperative epileptiform discharges
20 n=62 Median age 59 intraoperative frontal EEG; delior,ium b (g 2.6% vs 14%); signal acute cortical instability during
a yrs; 65% male epileptiform discharges identified; Arium pts (52.676 vS 1470); bypass and are a strong independent
L A . _ epileptiform discharges independently - i .
delirium screened twice daily POD1 : predictor of early postoperative delirium.
POD3 using CAM / CAM-ICU. predicted POD (OR 5.00).
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ety Sampl Basic Methodol Key Resul Main Discussion Poi
patients ample asic Methodology ey Results ain Discussion Points
i\/éLIljltlce;ter 39557 selc tioﬁal Stlﬁ}l;lr;_ EEG model classified delirium vs no
and wards; single-channe’ Lp delirium with AUC 0.76 (sens 0.77, spec | A single forehead—parietal lead can
Pz) 4-min resting EEG + 98 qEEG D g P
. b . 0.63); main features were |theta peak objectively detect delirium, but
features; random forest classification X . A .
_ Mean age ~71 . . freq, |relative alpha, 1delta/theta postoperative delirium lacks a unique
21 n=456 o to separate (1) delirium vs no delirium . . . X . X L
63% male and (2) postop vs non-posto slowing, and altered autocorrelation. EEG signature; physiologically, delirium
A p P ni-postop The model could NOT distinguish appears the same whether surgical or
delirium; delirium diagnosed by .
i . postop from non-postop delirium (AUC medical.
expert panel using DSM-5-based 0.50)
structured interview. -50)-
median 78
years /55 male . o
22 n=144 (38.2%), 89 II; reis(iiI::EI‘r}lzo((}l(:l MoCA + FRAIL — ﬁgi((li:rﬁ:)for POD <48h (49.3% Brain vulnerability is detectable pre-op
female s
(61.8%)
Retrospective cohort (secondary . o . . . .
analysis of PANDA-G); continuous POD in 27/0 (64/ 239), bloll‘st B Visually gonﬁrmed 1‘ntraope'ratlve burst
N s . suppression seen in 73.4% of delirium suppression—especially during
Mean age ~72 frontal raw EEG during spine surgery; % no-delir . K . st inducti .
T ~47% visual identification of burst pts .vs 50.9% no-delirlum (P—0.001.), malqtenance, not just in ucthq—ls q
23 n=239 T : . . maintenance-phase burst suppression modifiable EEG marker of delirium risk
female; all 265 | suppression vs device burst fter 60 mi 1 ated with di inf ive th h
yr suppression ratio; delirium assessed (26 er 6o nl/m) str60n§/ y assoclate V\fnft an 1.s m,ore in: ormgttl)vet an age or‘ the
qi2h (CAM-ICU, NuDESC, chart) (I)’f b]?l r(st7é121 6 \;i ;15 i;):; ‘: éIi’—eo.004), effect ;I;)iréltor s processed burst suppression
through postop stay. PP 8¢ i
Median age 77 | Prospective single-center cohort; s . .
yr; higher frontal EEG at baseline and 1, 2, 15 POD patients showed lower alpha/beta (I;“,fa fjﬁégﬁgg}i&gs :v:‘t]};llﬁ;?;bfllésg rlgnrinn
POD rate in min after loss of consciousness; power, lower spectral edge frequency at henotype: these sienatures may allow
24 n=151 males (58% spectral decomposition (periodic + 1 min, and lower aperiodic offset at 15 Enesthtgsri)oio ists togi dentify hi g—risk
male in POD aperiodic); delirium screened twice min; the EEG-only logistic model had an atients an dgtailor manageme r%t
vs 38% male daily x5 days with multiple tools AUC of 0.73 for POD prediction. ipmme diatel &
in no-POD) (CAM-ICU, DSM-based assessments). Y-
Pooled analysis of 3 prospective Lower dose-adjusted alpha power — .
L studies; 32-channel intraoperative higher POD odds (OR 1.44); AUC 0.71; L ow alpha undgr i\ngsthesm reflects a
260 yr; 54% . . . vulnerable brain” with slowed cognition
25 n=82 male EEG; calculated dose-adjusted also linked to worse preop processing and higher delirium risk. independent of
frontoparietal alpha power; delirium speed/executive function, but not CSF Alzhei;gn er’s-type CSF ;;tholop
assessed postop with CAM / 3D-CAM. | Alzheimer’s biomarkers. P P &Y
. . .| 31.5% developed PACU delirium; those
Mgchan age71 Pre-op awake EEG (eyes open/closed); patients already had lower beta/gamma Pre-op frontal EEG can flag cognitively
yr in both spectral features compared between :
. o . i . power and lower SEF / PeEn / spectral vulnerable patients before surgery,
26 | n=89 groups; ~60% patients with vs without PACU : N .
o PR . entropy pre-op; these EEG features potentially allowing targeted prevention
male / 40% delirium; delirium screened with dicted deliri ith ithout full 2! N
female bCAM in PACU and postop days 1-3. predicted PACU delirium with AUC without full neurocognitive testing.
~0.70—0.73.
Prospective matched cohort 260 yrs; . . . .. .
. elective major orthopedic surgery; POD: 16.7% in diabetics vs 6.0% in non- Dlabetf: S15 an 1ndepend§nt delirium risk
Median age 68 g i . . N L . factor in older ortho patients, and low
| 5 daily delirium screening POD1—7 with diabetics; diabetes 1 POD odds (adj OR . .
27 n=266 yrs; 72.6% ; . : intraoperative alpha power reflects a
3D-CAM; continuous frontal EEG to 3.2); lower intraoperative alpha power « AT s
female overall : ? . . o . . C vulnerable brain” linking diabetes to
measure intraoperative alpha power; explained ~20% of this association. POD
mediation analysis. .
— = —
Prospective observational cardiac POD incidence 32% (2,6/,81)’ delmu.m
e patients spent longer in intraoperative . . .
surgery cohort =60 yr; bilateral BIS . . Longer intraoperative burst suppression
Mean age 72.9 . . N . burst suppression (median 107 vs 44 - 1 e
> (including burst suppression ratio, . . ) ; reflects a brain that is highly sensitive to
28 | n=81 * 6.2y1; 57 BSR) recorded pre-, intra-, and post- min) and had higher intraoperative anesthesia and predicts delirium and
male / 24 e . BSR; burst suppression duration . -
female op; POD assessed daily in ICU with redicted POD (AUC 0.73); delirium worse outcomes; effect is not explained
CAM-ICU; patients followed for ICU XI/)vas linked to longer IC'I?SSt,a and higher by “too-deep” anesthesia on BIS alone.
stay, LOS, and 6-month survival. 18 o y o &
6-month mortality (11.5% vs 0%).
905 total; Prospective quasi-experimental, Delirium detection was higher with SC- Adding bedside single-channel EEG
DOSS consecutive cohorts after cardiac EEG (20%) than DOSS (14%) improves detection (likely catches
Median age 75 | surgery; routine nurse DOSS screening . . :
cohort e . PO (P=0.016); overall length of stay was hypoactive delirium) and slightly
29 yrs; 72% male | vs twice-daily single-channel EEG : . :
443, SC- overall (DeltaScan); delirium confirmed b 0.11 nights shorter with SC-EEG shortens stay at the population level but
EEG DSMos: COIl”l ared delirium inci der}Ice (P=0.002); no significant LOS reduction | does not clearly shorten stay for patients
cohort 462 5; comp in delirious patients alone. who become delirious.
and hospital length of stay.
Prospective observational; EEG- . . .
116 48 months derived “brain status” indices (wavelet Delirium incidence 31.9%; anxiety index 5&3{&;i;’gg;[rﬁle}%zﬁ?s?gte?gﬁis can
o analvzed median age; index, pain threshold index, anxiety AUC 0.84 and comfort index AUC 0.89 whereas standar dg depth (wavelet in diex)
3 Y 64 male / 52 index, comfort index) recorded at four for predicting delirium; comfort index R . °P .
(ages 3—6) . PR g o e and nociception (pain threshold index)
female emergence timepoints; delirium sensitivity 91.9%, specificity 83.5. did not predict it
scored with PAED scale. P i
Retrospective case-control; continuous o . .
>60 yrs; SedLine EEG during breast cancer II; ?v]:e)rQSzE'lstl,(}ss/gl(“)-)l’(Pr?lgrg flllerrsfs had Reduced intraoperative SEF and frontal
elderly breast surgery; extracted PSI, SEF (L/R), suppression. lower u—’ and p-band a/P power reflect cortical vulnerability
31 n=80 cancer surgery | burst suppression %, a/p power; POD ppb o) . and can act as early EEG warning
. X i power; independent predictors of POD . A .
patients; sex defined by Nu-DESC; compared POD were |MMSE, |SEF-L/R, and absence of markers for delirium risk in older surgical
not the focus vs no-POD and ran multivariable h erltension > ? patients.
logistic regression. yP i

Table 2. Results analysis across 31 studies.
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Surgical Category Number of Studies

Cardiac / Cardiovascular 9

General noncardiac (mixed specialties) 13

Orthopedic (non-spine) 4

Spine (dedicated spine cohort) 1

Neurosurgical: aneurysm clipping 2

Neurovascular: carotid endarterectomy 1

Pediatric 1

Breast cancer surgery (included in general noncardiac) 1

Table 3. Types of surgery across studies.
c o Number of Studies 3
qutoperatlve 151E Reporting Risk in This e Representative Notes from Studies
Window Wi Trend
indow
Delirium while in PACU occurred in 20—
Immediate emergence Moderate—High risk, often = 37% of older adults in some trials;
& 5 studies brief but clinically pediatric delirium occurred in ~32%. EEG
/ PACU (0—1 hour) . .
meaningful markers (spindle absence, low alpha)

Early postoperative
period (0—48 hours)

Early ICU period
(POD 1-3)

Postoperative Days 3—
5

Postoperative Days 5—
7

Majority (approx. 20
studies)

9 studies (mostly
cardiac/vascular/neuro)

6 studies

3—4 studies

Highest overall risk window
for POD onset

Sustained high risk,
especially after complex
surgeries

Risk is declining, but still
present in vulnerable
patients

Low but non-zero risk;
often persistent rather than
new onset

predicted immediate disorientation.

Most studies reported that POD peaked
within 24—48 hours. Hip fracture and
major surgery cohorts showed nearly all
delirium beginning in this window.

Cardiac and neurovascular studies
consistently found delirium most common
on POD 1-3, with rates 20—33%, especially
with burst suppression or IONM changes.

Delirium frequency generally decreased
after day 2; however, some studies (e.g.,
cardiac, orthopedic) still identified new or
persistent delirium through day 5.

Studies tracking delirium through day 7
(general surgery, orthopedic) showed rare
new-onset delirium after day 4; most cases
after day 5 represented prolonged
delirium, not new cases.

Table 4. Postoperative delirium (POD) risk over time across studies.
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Across the 31 studies, sample sizes ranged widely, with most falling into the small-study category (<150
participants) and only a few large datasets exceeding 500—1,000 patients, including one study with 7,318
patients. Most cohorts consisted of older adults, typically aged 60 or older, with one pediatric cohort and a
small number of mixed-age adult samples. Sex distribution across the full dataset was more male than
female, largely due to multiple cardiac and vascular surgical cohorts, whereas several orthopedic and breast
cancer cohorts were female-majority. The studies spanned a broad range of surgical populations, with the
most common being general noncardiac surgery (n=13), followed by cardiac surgery (n=9), orthopedic
procedures (n=4), aneurysm clipping (n=2), spinal surgery (n=1), and carotid endarterectomy (n=1), with

one pediatric cohort included (n=1).

Among the studies using intraoperative, ICU, PACU, or preoperative EEG monitoring, several consistent
EEG patterns differentiated patients who developed postoperative delirium from those who did not (Table
5). The most frequent findings included reduced intraoperative alpha power, slower peak alpha frequency,
increased delta and theta power, reduced spectral edge frequency, lower EEG entropy, and higher rates or
longer durations of burst suppression. Quantitative EEG studies in the ICU and postoperative period also
commonly identified lower alpha/beta activity, increased slowing, and altered complexity measures, with
many predictive models achieving AUC values of 0.70-0.90. Across all surgical categories, the highest
incidence of POD occurred during the first 24—48 hours, with many ICU-based cardiac and neurovascular
cohorts showing rates between 20-33%, PACU-based studies reporting 20—37%, and general surgical
cohorts ranging from 8—30%. Studies extending assessments through postoperative days 3—5 showed fewer
new cases, and those extending assessments through day 7 reported that nearly all delirium cases began

earlier in the hospitalization.

Phase Markers Implication

. Low alpha attenuation, lower .
Preoperative Increased vulnerability to future POD
beta/gamma, lower entropy

. Early drop in SEF; EEG lacking . .
Induction . L Early delirium risk
spindle/alpha organization
Low frontal alpha power/slow peak
Intraoperative/Maintenance alpha frequency; burst suppression Strongest recurring risk marker

duration

. Increased delta/theta + reduced . . .
Postoperative (PACU/ICU) . Detection/severity tracking
alpha/complexity

Table 5. Summary of Best-Evidence EEG markers by perioperative phase.

jneurophysiologicalmonitoring.com Vol. 4 | Issue 1 | 2026 | 9




EEG in POD

DISCUSSION

Throughout the studies included in this systematic review, postoperative delirium (POD) consistently
emerged as a common and clinically significant complication associated with worse patient outcomes
during both the short and long term. Many studies reported higher rates of ICU admission, prolonged
hospital length of stay, increased readmission rates, and elevated mortality among patients who developed
delirium [32, 11, 15]. A recurrent trend was the temporal pattern of POD onset, with delirium most often
appearing immediately after surgery or within the first 24-48 hours postoperatively, highlighting a period
of heightened postoperative neurophysiologic vulnerability [16, 13, 7, 25, 12]. Patient risk factors were
consistent across studies as well, and frequently included older age, preexisting cognitive impairment,

diabetes, anemia, and mood disorders, all of which seem to contribute to increased POD susceptibility [30,

9, 19, 27].

Identifying a POD “Vulnerable Brain”

The focus of this review was to examine the use of EEG in predicting and, if possible, preventing POD. A
central finding across studies was the presence of a distinct EEG signature that seems to signify a
“vulnerable brain” or “vulnerable brain phenotype”, which strongly correlates with later POD development.
The studies identified consistent abnormalities that seemed to signify this “vulnerable brain”, including
reduced alpha power, slower peak alpha frequency, increased delta and theta activity, lower spectral edge
frequency, and reduced entropy, which were more prominent in patients who developed POD [17, 20, 27,
28, 37]. These EEG features were frequently detectable before the onset of clinical symptoms, underscoring
their potential to signal early physiological risk. Additionally, burst suppression emerged as one of the most
consistent predictors of POD across a range of surgical populations. Several large cohorts and randomized
trials demonstrated that prolonged or easily provoked burst suppression strongly correlated with
subsequent delirium, even when anesthetic concentrations fell within typical clinical targets. These findings

suggest that burst suppression reflects an underlying cortical fragility rather than simply deep anesthesia

[7, 12,13, 26, 32].

Intraoperative alpha power was another frequently observed predictor, with lower alpha activity associated
with baseline cognitive slowing, poorer executive function, and advanced age. Across studies, diminished
alpha rhythms were interpreted as a marker of reduced synaptic integrity or impaired thalamocortical
connectivity, providing further support for alpha power as an additional potential indicator of brain
vulnerability [9, 17, 20, 28]. Additionally, in neurosurgical and vascular populations, studies using
intraoperative neuromonitoring found that patients who developed POD exhibited greater IONM changes,

such as somatosensory evoked potential (SSEP) decrements, as indicators of intraoperative cerebral
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hypoperfusion. These findings point to IONM as a potential intervention point, where hemodynamic

correction or surgical adjustment might mitigate delirium risk [2, 4, 15].

Preoperative EEG

Several studies also evaluated the role of preoperative EEG in risk stratification. Resting-state
abnormalities, such as reduced beta and gamma activity, lower entropy, and diminished alpha attenuation
with eye opening, were more common among patients who later developed delirium. These findings suggest
that incorporating brief perioperative screening, especially in older or frail individuals, into perioperative
risk assessment may be valuable [29, 1]. However, studies evaluating processed EEG indices, such as BIS,
SedLine, or DeltaScan, found that although these devices are feasible and easy to implement, they are
generally less accurate than raw or multichannel quantitative EEG. Even in trials where processed-EEG
guidance reduced anesthetic dosing or minimized burst suppression, delirium incidence did not

consistently decrease, which emphasizes the limitations of relying solely on processed indices [11, 10, 13].

Machine Learning

Several investigations explored the use of machine learning applied to EEG features, with many models
achieving moderate to high discriminative performance. These studies highlight the promise of automated,
data-driven EEG analysis for real-time risk prediction in the operating room or ICU, but generalizability

across patient populations and recording modalities remains limited [15, 24, 27].

Limitations and Future Research

Common limitations across the literature included heterogeneity in EEG acquisition methods, variability
in delirium assessment tools, confounding effects of anesthetics and comorbidities, and limited long-term
follow-up. Many authors emphasized the need for standardization of assessment protocols, larger
multicenter trials, and long-term follow-up in future research. Implementing these in future studies will be

critical to advancing the integration of EEG-based monitoring into POD risk management.

Detection and Prevention

This review also highlights an important distinction between improving delirium detection and delirium
prevention. While several studies demonstrated better identification of delirium, these improvements did
not reliably translate into lower delirium incidence or shorter hospital stays [33, 10]. While determining

whether EEG can be used to prevent POD remains to be studied, its use in accurately predicting POD
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remains useful for helping doctors, patients, and families understand the risk of certain surgeries and for

preparing individuals involved in postoperative recovery to best care for the patient.

CONCLUSION

EEG consistently reveals early warning signs of postoperative delirium, such as reduced alpha activity,
increased slow-wave power, and episodes of burst suppression, which often emerge during surgery or even
beforehand, frequently preceding clinical symptom onset. Because delirium most often develops in the first
24—-48 hours after surgery, early identification of at-risk patients is especially important. Although
processed EEG makes monitoring easier, raw and quantitative EEG measures continue to show the
strongest and most reliable associations with delirium risk. Based on these findings, we recommend a
practical “EEG bundle” that includes brief preoperative EEG screening and targeted intraoperative raw EEG
review with clear thresholds that prompt standardized preventive steps. Future multicenter studies should
validate this approach in real-world settings, include longer-term outcomes, and evaluate workflow and
cost considerations. Standardizing EEG reporting, like montage, timing, metrics, and clinical endpoints,

will also be essential for integrating these tools into routine perioperative care.
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