
Articles 

EEG Delirium Index as a diagnostic screening biomarker in          
hospitalized nonagenarians: a preliminary validation study       
Shawniqua Williams Roberson, MEng, MD, MSCI1,2,3 , Sriram Cyr, MD4, Rebecca Irlmeier, MS5, Jenna Fulton, BS1,2, Jo 
Ellen Wilson, MD, PhD1,6,7, Patricia S. Andrews, MD1,6,7, Amelia Maiga, MD, MPH1,4 , Fiona E. Harrison, PhD1,8,9 , Julie A. 
Bastarache, MD PhD1,8 , James C. Jackson, PsyD1,8 , Mayur B. Patel, MD, MPH1,4,7,9, E. Wesley Ely, MD, MPH1,7,8 , Catie 
Chang, PhD3,9,10 , Kevin Haas, MD, PhD2, Fei Ye, PhD5,8 , Pratik Pandharipande, MD, MSCI1,11

1 Critical Illness, Brain dysfunction and Survivorship (CIBS) Center, Center for Health Services Research, Vanderbilt University Medical Center, 
Nashville, Tennessee, USA, 2 Department of Neurology, Epilepsy Division, Vanderbilt University Medical Center, Nashville, Tennessee, USA, 
3 Department of Biomedical Engineering, Vanderbilt University, Nashville, Tennessee, USA, 4 Departments of Surgery and Neurosurgery, Section of 
Surgical Sciences, Vanderbilt University Medical Center, Nashville, TN, USA, 5 Department of Biostatistics, Vanderbilt University, Nashville, TN, USA, 
6 Department of Psychiatry, Vanderbilt University Medical Center, Nashville, TN USA, 7 Nashville Veterans Affairs Medical Center, Geriatric Research 
Education and Clinical Center (Tennessee Valley GRECC), Tennessee Valley Health Care System, Nashville, TN, USA, 8 Department of Medicine, 
Vanderbilt University Medical Center, Nashville, Tennessee, USA, 9 Vanderbilt Brain Institute, Vanderbilt University, Nashville, Tennessee, USA, 
10 Department of Electrical and Computer Engineering, Vanderbilt University, Nashville, TN. USA, 11 Department of Anesthesiology, Division of 
Anesthesia Critical Care Medicine, Vanderbilt University Medical Center, Nashville, TN, USA 

Keywords: delirium, electroencephalography, encephalopathy, dementia, nonagenarians, aging, neurophysiology, qEEG 

https://doi.org/10.56392/001c.163231 

Delirium 

BACKGROUND  
Quality delirium care depends on monitoring and early identification. This is especially 
true among older adults, who are at highest risk for delirium. The 
electroencephalography-based delirium index (EEG-DI) is robustly associated with 
delirium among critically ill adults, and may contribute to improved monitoring. Yet 
neurophysiologic changes with aging or dementia could impact its performance. 

OBJECTIVE  
We examined the performance of the EEG-DI in a cohort of hospitalized nonagenarians, 
who have increased rates of dementia. We hypothesized that, consistent with prior work, 
delirium is associated with lower EEG-DI values, even after adjusting for history of 
dementia. 

METHODS  
In this retrospective observational study, we identified hospitalized patients over 90 years 
of age, with EEGs recorded for clinical purposes between May 2014 and January 2020. We 
obtained clinical and demographic data from the electronic health record. We computed 
EEG-DI as previously published, based on frequency composition and variability of the 
raw EEG signals. We used multivariable logistic regression to model the relationship 
between EEG-DI and presence of delirium, adjusting for confounders including dementia 
history. We used receiver operating characteristic (ROC) analysis to evaluate EEG-DI 
performance in patients with and without dementia. 

RESULTS  
The final analysis included 68 nonagenarians (mean age 92 years; 42 [62%] women), of 
whom 22 (33%) had dementia and 32 (47%) had delirium. Lower EEG-DI was 
independently associated with greater likelihood of delirium (adjusted odds ratio [aOR] 
11.2, 95% CI 2.0-62.4, p=0.006). Optimism-corrected area under the ROC curve for 
delirium was 0.80 (95% CI 0.68-0.93) in patients without dementia and 0.65 (95%CI 0.32 
to 0.90) with dementia. 

CONCLUSION  
Lower EEG-DI is strongly associated with delirium in nonagenarians, similar to the 
association reported in younger patients. EEG-DI showed poor discrimination for 
delirium in patients with dementia and may not be appropriate for use in this population. 
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INTRODUCTION 

Delirium poses a major challenge to healthy aging, because 
of its associations with increased mortality,1 higher costs 
of medical care,2 and increased risk of cognitive impair
ment and dementia.3‑5 Delirium is more common among 
hospitalized older adults,6,7 and inpatients should be mon
itored carefully so that risk factors such as pain, sedation, 
and sleep deprivation, can be mitigated.8‑10 Current stan
dard of care for delirium monitoring is by regular bedside 
assessment,8 e.g. using the Confusion Assessment Method 
for the ICU (CAM-ICU)11 or the Intensive Care Delirium 
Screening Checklist (ICDSC).12 Yet bedside assessment is 
at times hampered by uncertainty about the patient’s pre
morbid cognitive capabilities, level of training of the asses
sor, and contemporaneous clinical demands of the nursing 
staff.13‑15 As a result, delirium screening and documen
tation practices vary widely across institutions: adherence 
rates as low as 18% and as high as 74% are reported in re
cent literature.16‑19 To address these inconsistencies and 
improve care of patients with delirium, alternate ap
proaches to delirium screening remain an active area of in
vestigation.20‑23 

Electroencephalography (EEG) provides an objective 
measure of dynamic changes in brain activity and can be 
performed at the bedside in acutely ill patients. Metrics de
rived from EEG signals show promise as a means of screen
ing patients for delirium based on physiologic changes in 
the brain.23‑31 Although EEG activity patterns change with 
age and with age-related neurodegenerative diseases such 
as dementia,32‑34 most clinical studies have historically ex
cluded participants over the age of 90 due to low population 
numbers, leading to concerns for risk of breaches in con
fidentiality. Very few studies have examined neurophysio
logic metrics among individuals over 90 years of age, de
spite the fact that this segment of the population has grown 
substantially in recent years, and is projected to more than 
double in the next 2 decades.35 Furthermore, despite the 
increased risk of delirium with dementia and the increased 
risk of dementia with advancing age, the effects of demen
tia on EEG markers of delirium are largely unknown.36,37 

We recently developed an EEG-based metric of delirium 
(which we refer to in this paper as the EEG Delirium Index, 
or EEG-DI). EEG-DI is derived from quantitative analysis of 
the frequency composition, also known as the spectral pro
file, of raw EEG brain signals, recorded over a five-minute 
period. In our prior study of EEG-DI measurements over 
24-hour recordings in 25 mechanically ventilated adults, 
EEG-DI ranged between 0 and 3, with higher values ob
served in patients with normal sensorium (median (IQR) 
1.7 [1.6, 2.0]), lower values observed in delirium (1.0 
[0.9,1.4]), and the lowest values observed in coma (0.8 
[0.6,0.9]).31 Though the EEG-DI showed high discrimina
tion in the derivation cohort (optimism corrected area un
der the receiver operating curve of 0.94 for distinguishing 
normal sensorium from delirium and coma), the EEG-DI 
has not been validated in other populations, including older 
adults and those with neurodegenerative disease; its gener
alizability is thus unknown. In the current study, we aim to 

evaluate the EEG-DI in a retrospective cohort of hospital
ized patients 90 years and older (heretofore referred to as 
nonagenarians). Additionally, we aim to describe the influ
ence of dementia on the performance of the EEG-DI in this 
cohort. 

METHODS 

STUDY PARTICIPANTS 

This study was approved by the Vanderbilt University Insti
tutional Review Board (IRB protocol number 201356). We 
report the findings according to the guidelines set forth by 
the Standards for Reporting Diagnostic Accuracy Studies 
(STARD) 2015,38 and the GREENBEAN checklist for report
ing studies evaluating the effectiveness of EEG-based bio
markers.39 Participants were identified by a search of the 
Vanderbilt University Medical Center inpatient EEG data
base. We screened all EEG recordings from the beginning 
of the archive of our center’s current EEG recording system 
(May 25, 2014) to January 31, 2020. We included hospital 
inpatients aged 90 years or older at the time of recording. If 
multiple recordings were identified in a single patient, only 
the first recording during the study period was included, to 
avoid repeat observer bias. Participants were excluded if the 
EEG tracing could not be retrieved from archive, if the EEG 
recording could not be adequately denoised for quantita
tive analysis (see details of denoising procedures in section 
2.4 below), or if delirium could not be unequivocally de
termined from chart review. Although the final data analy
sis was not completed until July 2025, we avoided extend
ing the data collection period to limit potential impacts of 
changes in our hospital practices during the COVID-19 pan
demic. 

CLINICAL DATA EXTRACTION 

The clinical and demographic history was obtained by two 
coauthors (SC, SWR) who independently reviewed the elec
tronic medical record. History of dementia (dichotomous) 
was determined by review of admission and discharge 
records. We considered the level of detail provided in in
patient charts insufficient to consistently determine type 
or severity of dementia, thus this information was not col
lected. Presence of delirium at the time of EEG was deter
mined using a modified protocol of the Chart-Based Delir
ium Identification Instrument (CHART-DEL), a validated 
chart review method for detection of delirium among hos
pitalized patients.40 While the CHART-DEL identifies any 
delirium during the hospitalization, our protocol focused in 
on the timeframe within 12 hours of the EEG start time. 
We excluded patients who had evidence of coma (Richmond 
Agitation-Sedation Score41 of -4 or -5) at the time of EEG. 
Our protocol drew data from physician notes, nursing flow
sheets documenting neurologic assessment (e.g. using the 
CAM-ICU), and technician annotations of patient responses 
to standard stimulation procedures at the time of the EEG 
recording. In absence of formal delirium screening data, 
nursing assessments documenting a Glasgow Coma Scale 
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(GCS)42 score less than 1511 were considered positive for 
delirium only if the level of cognitive function was doc
umented to be worse than prehospital baseline, based on 
contemporaneous discussion with a knowledgeable surro
gate. In two cases, we could not reliably determine whether 
the patient had returned to their premorbid level of cog
nitive functioning based on chart abstraction; these cases 
were excluded from further analysis. All group assignments 
were performed independently by two authors (SC and 
SWR) who were unaware of the EEG-DI values at the time 
of group assignments. No discrepancies were identified. 

EEG RECORDING, PREPROCESSING, AND SIGNAL 
ANALYSIS 

Methods for recording EEGs, denoising and preparing the 
raw signals for spectral analysis are detailed in Appendix  
A. During this process, one EEG recording was discarded 
due to too few data epochs available after artifact removal 
to produce reliable metrics. For the remaining recordings, 
and following our previously published algorithm, we used 
global (across the head) averages of selected band power 
and spectral variability values to compute the EEG Delirium 
Index (EEG-DI)31 Briefly, the EEG-DI is a continuous vari
able derived from a linear combination of global average 
EEG oscillatory power and spectral variability in defined 
frequency ranges, according to the following equation: 
EEG-DI = log((15·7*SVD) + (1·1*SVB2) + (0·7*RTP) + 

(1·5*RAP)) 
where SVD and SVB2 indicate spectral variability (coeffi

cient of variation in oscillatory power) in the delta (1-4Hz) 
and high beta (25-40Hz) frequency ranges, respectively, 
while RTP and RAP indicate relative spectral power (ratios 
normalized to broadband 1-40Hz power) in the theta 
(4-8Hz) and alpha (8-13Hz) frequency ranges, respectively. 
In our prior work, these frequency-based metrics were iden
tified using a data-driven, penalized variable selection 
process to optimize information contributing to the EEG 
detection of delirium or coma. We computed their values 
using Chronux,43 a MATLAB®-based toolbox, augmented 
by a series of bespoke MATLAB® functions. 
EEG preprocessing, artifact removal and spectral analy

sis computations were conducted by one coauthor (JN) with 
process verification by another coauthor (SWR). Because 
the computations were not subject to interpretation, these 
coauthors were not blinded to the clinical data at the time 
of EEG-DI computation and verification. 

STATISTICAL ANALYSIS 

We use descriptive statistics with means and standard de
viations or quartiles, as appropriate, to characterize the 
dataset. We graphically depict the medians and distribu
tions of all metrics, grouped based on history of dementia 
and presence of delirium. To limit the risk of spurious find
ings associated with multiple comparisons, and because the 
primary focus of the current analysis regards the EEG-DI, 
we excluded formal statistical comparisons of metrics other 
than the EEG-DI, and examined their distributions for de
scriptive purposes only. 

To estimate the independent effect of delirium associ
ated with a 1-point decrease in EEG-DI among the entire 
cohort, we built a multivariable logistic regression model 
adjusting for the following covariates: age, sex assigned at 
birth, presence of sedatives during EEG, and history of de
mentia. To further examine the performance of EEG-DI as a 
screening tool for delirium in participants with and without 
dementia, we divided the cohort into subgroups by demen
tia history, and computed the optimism-corrected area un
der the receiver operating characteristic curve (ROC), along 
with its 95% confidence interval, for each subgroup. Inter
nal validation was accomplished by bootstrapping as de
tailed in Appendix B . To estimate the diagnostic accuracy 
of EEG-DI in the current sample, we computed Youden’s J 
index,44 and report information-based psychometric prop
erties (sensitivity, specificity, positive and negative predic
tive values, and positive and negative likelihood ratios) us
ing the associated EEG-DI value as a threshold. Statistical 
analyses were prespecified and performed using R version 
4.2.2. 

RESULTS 

Of 10,456 EEG recordings performed at our institution dur
ing the study period, 182 were performed on patients 90 
years and older. After exclusion of repeat EEGs and of 13 
patients meeting other exclusion criteria, 68 participants 
with EEGs remained for the final analysis (Figure 1 ). Demo
graphic and clinical characteristics of the final cohort are 
presented in Table 1 . Median and interquartile range (IQR) 
for age was 92 (91, 94) years, and 42 (62%) were female. The 
two most common reasons for admission were altered men
tal status and stroke, both occurring in 15 (22%) of indi
viduals, and the most common reason for EEG was altered 
mental status in 26 (38%), followed by seizure-like activity 
in 20 (29%). History of dementia was reported in 22 (32%) 
cases, and 32 (47%) were classified as having delirium. Of 
the 9 patients receiving sedatives within 12 hours of EEG 
start time, 1 was on continuous dexmedetomidine infusion, 
2 were on continuous propofol infusions, 2 were on con
tinuous lorazepam infusions, and 4 had received one-time 
doses of lorazepam or clonazepam within 12 hours of EEG. 
The median value for the EEG-based delirium indicator 

(EEG-DI) was 1.7 (IQR 1.4, 2.0) among nonagenarians with 
delirium and 2.0 (IQR 1.8, 2.2) among those without delir
ium. Subgroup distributions are depicted in Figure 2  for 
the EEG-DI, and in Supplementary Figure S1  for its com
ponent spectral and variability metrics. Controlling for age, 
sex assigned at birth, sedation and reported history of de
mentia, a one-point decrease in EEG-DI was independently 
associated with greater odds of delirium (aOR 11.2, 95% CI 
2.0-62.4 p=0.006), meaning a person with EEG-DI of 1.5 was 
11 times more likely to have delirium than a person with 
EEG-DI of 2.5. The receiver operating characteristic (ROC) 
curves evaluating the accuracy of the EEG-DI as a screening 
tool for delirium are provided in Figure 3 . The optimism-
corrected area under the ROC (AUC) was 0.74 (95% CI 0.62 
to 0.84) across the entire cohort. In the subgroup analysis, 
the AUC was 0.80 (95% CI 0.68 to 0.93) among nonagenar
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Table 1. Demographic and clinical characteristics of the final cohort, by delirium status            

Characteristic 
Without 
Delirium 

(N=36) 

With 
Delirium 

(N=32) 

Overall 
(N=68) 

Age, mean (SD) 92.2 (2.0) 92.5 (2.3) 92.3 (2.1) 

Female Sex*, N (%) 24 (67%) 18 (56%) 42 (62%) 

Race 

White 32 (89%) 25 (78%) 57 (84%) 

Black 4 (11%) 4 (13%) 8 (12%) 

Asian 0 (0%) 1 (3%) 1 (2%) 

Unknown/Not Reported 0 (0%) 2 (6%) 2 (3%) 

Admission diagnosis 

Altered Mental Status 5 (14%) 10 (31%) 15 (22%) 

Chest Pain/Cardiac Arrest 0 (0%) 1 (3%) 1 (2%) 

Dizziness 1 (3%) 0 (0%) 1 (2%) 

Dyspnea 0 (0%) 1 (3%) 1 (2%) 

Fall 5 (14%) 6 (19%) 11 (16%) 

Found Down 3 (8%) 0 (0%) 3 (4%) 

Pneumonia 0 (0%) 1 (3%) 1 (2%) 

Seizures 2 (6%) 4 (13%) 6 (9%) 

Stroke/TIA 11 (31%) 4 (13%) 15 (22%) 

Transient Neurologic Change 8 (22%) 5 (16%) 13 (19%) 

Other 1 (3%) 0 (0%) 1 (2%) 

EEG indication 

Altered Mental Status 12 (33%) 14 (44%) 26 (38%) 

Seizure-like activity 10 (28%) 10 (31%) 20 (29%) 

Stroke/TIA 4 (11%) 1 (3%) 5 (7%) 

Syncope 4 (11%) 3 (9%) 7 (10%) 

Transient Neurologic Change 6 (17%) 4 (13%) 10 (15%) 

History of dementia 5 (14%) 17 (53%) 22 (32%) 

On Sedation at EEG^ 3 (8%) 6 (19%) 9 (13%) 

Died In-hospital 3 (8%) 3 (9%) 6 (9%) 

*Female sex assigned at birth. ^Of the 9 patients receiving sedatives within 12 hours of EEG, 1 was on continuous dexmedetomidine infusion, 2 were on continuous propofol infu
sions, 2 were on continuous lorazepam infusions, and 4 had received one-time doses of lorazepam or clonazepam within 12 hours of EEG. Abbreviations: SD=standard deviation, 
TIA=transient ischemic attack. 

ians without history of dementia, and 0.65 (95% CI 0.32 to 
0.90) among those with history of dementia. 
The Youden index was 0.41 at an EEG-DI value of 2.0. In 

the full cohort, EEG-DI demonstrated high (91%) sensitivity 
and low (50%) specificity at this threshold. Table 2  details 
the psychometric properties at this threshold in the sub
groups with and without history of dementia, respectively. 

DISCUSSION 

To our knowledge, this is the largest study reported to date 
of EEG brain oscillatory patterns in individuals 90 years 
of age and older. Our previously published EEG-based in
dex (EEG-DI)31 is independently associated with presence 
of delirium in this cohort, and has the greatest predictive 
accuracy among participants without known history of de
mentia. These findings suggest that changes in brain activ
ity patterns associated with delirium among nonagenarians 

without dementia are similar to younger populations. EEG-
based biomarkers of delirium may need to be developed and 
validated separately for patients with underlying dementia 
(i.e. delirium superimposed on dementia), who may exhibit 
unique physiologic patterns of brain activity. 
Very few studies have reported EEG findings in nonage

narians. Data from the 90+ Study in a series of 12 cogni
tively and physically healthy nonagenarians found a high 
burden of EEG abnormalities (83%), including delta activity 
in the temporal regions and posterior alpha rhythm slow
ing.45 These are likely due to acquired “microinsults”, such 
as subclinical emboli and white matter atrophy, that ac
cumulate in the brain with time and may underlie the in
creased risk of delirium with age.46 Fractal dimension, a 
measure of EEG signal complexity, rises during young 
adulthood and falls after about age 50.37 Complexity mea
sures were not required to compute the EEG-DI; it is pos
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Potentially eligible records
(n=10,456 EEGs in s tudy period)

Eligible participants
(n=81)

46 without dementia 22 with dementia

Excluded (n=10,375)
• Patient age < 90 years  (n=10,274)
• Repeat s tudy in same patient (n= 101)

31 without delirium 15 with delirium 5 without delirium 17 with delirium

• Patients  in coma (n=6)
• EEG recording unavailable from archive (n=4)
• Unable to unequivocally confirm delirium from chart (n=2)
• EEG recording insufficient for analysis  (n=1)

Analysis  cohort
(n=68)

Figure 1. Flow diagram of patient records.      
Of 10,456 EEGs recorded during the study period, 81 unique studies were identified in patients 90 years of age and older (n=81 patients). Thirteen patients were excluded for reasons 
noted in the flowchart, leaving n=68 in the final analysis. 

sible that their inclusion could improve discrimination of 
delirium in populations with history of dementia. 
We saw weak discrimination of the EEG-DI as a marker 

of delirium in the subset of patients with dementia, with 
a distribution of EEG-DI values among the subgroup with 
delirium and dementia that was largely similar to the distri
bution among those with neither disorder. Importantly, the 
subgroup with dementia included only 22 patients, yield
ing wide confidence intervals for the EEG-DI performance 
metrics, from worse than chance to excellent performance. 
The relationship between EEG-DI and delirium among pa
tients with dementia should be assessed in larger, prospec
tive studies before strong conclusions can be drawn. If the 
discrimination of the EEG-DI is indeed found to be weaker 
in patients with dementia, this may be due to the heavy in
fluence of the coefficient of variation of the raw EEG sig
nal in the delta (1-4Hz) frequency range, a metric which 
correlated with worse long-term memory performance in a 
separate cohort of critically ill patients.47 Delta variability 
was also increased in a small cohort of patients with Lewy 
Body Dementia (LBD) compared to healthy controls.48 If in
creased delta variability is a hallmark of chronic neurode
generative disease, this may explain a weaker performance 
of the EEG-DI in the subset of participants with history of 
dementia. Whether delta variability or other EEG oscilla
tory dynamics may be an early, subtle characteristic of LBD 
or other Alzheimer’s Disease-related dementias (ADRD) is 
worth further investigation; validation of this metric in 
larger prospective cohorts could lead to more precise differ
ential diagnosis of ADRD for individuals with chronic pro
gressive cognitive impairment. 

The EEG-DI, like many other quantitative EEG metrics 
in the literature, is computed based on global averages 
(averaging metric values across all EEG channels around 
the head). Delirium monitoring using limited montage EEG 
recordings (e.g. frontal-only channels)28,29 is more prag
matic from an implementation perspective.24 Yet few prior 
studies have evaluated the effects of delirium and dementia 
on region-specific metrics.49,50 Future studies exploring ef
fects of delirium on brain activity in dementia may attain 
better discrimination by considering regional patterns in 
addition to global metrics. 
Importantly, our study was conducted in a similar insti

tutional context as the original derivation study. To fully 
assess generalizability of the EEG-DI, this metric should be 
prospectively evaluated in an independent, external cohort, 
preferably across multiple centers and in varying clinical 
contexts. 
This study has several limitations. The identification of 

dementia and of delirium were determined by retrospective 
chart review of physician, nursing, technician, and reha
bilitation therapist notes, and are subject to measurement 
bias. Patients did not systematically have prehospitaliza
tion cognitive assessments and there were no structured in
terviews on which to anchor our dementia classification. 
We therefore relied purely on clinical documentation of 
the treating providers and could not reliably assess the de
mentia subtype. Additionally, despite our anchoring the 
ascertainment of delirium to a validated, chart-based in
strument (CHART-DEL),40 the retrospective nature of the 
study, along with the distinctions between our current pop
ulation and the validation context of the original CHART-
DEL, render this an inherently imperfect classification 
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Figure 2. Distribution of EEG Delirium Index (EEG-DI),       
by history of dementia and presence/absence of        
delirium.  
Thick bars represent 25th-75th percentiles, whiskers represent minimal and maximal 
values not considered outliers, and + indicate outliers (defined as observations greater 
than q3 + 1·5 × (q3 – q1) or less than q1 – 1·5 × (q3 – q1), where q1 and q3 are first and 3rd 

quartiles, respectively. Light green and blue bars represent participants without demen
tia, without (n=31) and with (n=15) delirium, respectively. Orange and red bars represent 
participants with dementia, without (n=5) and with (n=17) delirium, respectively. 
Among participants without dementia, those with delirium had lower median EEG-DI 
(1.7 vs 2.1, p=0.001 by Wilcoxon rank-sum test), consistent with prior literature. Among 
patients with dementia, the EEG-DI distributions of subgroups with and without delir
ium showed significant overlap (median 1.9 with delirium vs 2.0 without delirium, 
p=NS). Del: Delirium; Dem: Dementia. EEG-DI: Electroencephalography-based delirium in
dex. 

Figure 3. Receiver operator characteristic (ROC) curve for the EEG-DI as a screening tool among hospitalized               
nonagenarians.  
(A) In the total cohort, the optimism-corrected area under the receiver operator characteristic curve (AUC) was 0.74 (95% CI 0.62 to 0.84). (B) Among patients without history of de
mentia, the optimism-corrected AUC was 0.80 (95% CI 0.68 to 0.93). (C) Among patients with history of dementia, the optimism-corrected AUC was 0.65 (95% CI 0.32 to 0.90). The 
AUC less than 0.70 in the dementia subgroup suggests the EEG-DI may not be appropriate for use in this population, however the wide confidence interval in this subgroup limits de
finitive conclusion. EEG-DI: Electroencephalography-based delirium index. 

method. The possibility of residual misclassification of 
delirium and dementia may be especially relevant for the 
subgroup analyses, wherein even a single misclassification 
may meaningfully influence the observed results. EEG 
recordings were completed according to standard clinical 
techniques, typically at the bedside or in the EEG suite, and 
did not include audio/video recordings, thus we could not 
control for environmental stimuli. Nonetheless, the stan
dard ACNS protocol employed by the EEG technicians com
bined with the standard-of-care use of CAM-ICU or GCS 
assessments in our nursing units allowed for contempora
neous identification of delirium or coma with high inter
rater agreement. The small proportion of participants with 
known history of dementia resulted in a wide confidence 
interval estimate for the AUC, limiting our ability to effec
tively assess the EEG-DI as a reliable test statistic among 
patients with dementia. Despite the strength of the asso
ciation between EEG-DI and delirium even after adjusting 
for dementia in our multivariable analysis, the low esti
mated AUC in this subgroup suggests that delirium may be 
mechanistically different in dementia. The distinct spectral 
profiles among dementia patients demonstrated by distrib
utions of EEG spectral characteristics (Figure S1 ) support 
this interpretation and suggest that unique EEG metrics 
(different from those used to build the EEG-DI) may be re
quired to effectively identify delirium among patients with 
dementia. To mirror the original derivation study for the 
EEG-DI, we selected EEG segments recorded immediately 
after stimulation by the EEG technician. Given the fluc
tuating nature of delirium, there may be differences be
tween EEG-DI performance at these maximally stimulated 
timepoints compared to random EEG recording timeframes. 
Also, a subset of patients received sedative agents (propo
fol, dexmedetomidine, and benzodiazepines) within hours 
of EEG recording. These agents are associated with drug-
specific effects on the EEG spectra (increased activity in the 
delta, alpha and beta ranges for GABA-agonists; increased 
spindle-like activity for dexmedetomidine)51 and may have 

EEG Delirium Index as a diagnostic screening biomarker in hospitalized nonagenarians: a preliminary valid…

Delirium 6



Table 2. EEG-DI threshold value and model performance at optimal Youden Index           

Performance Metric 
Without 

Dementia 
(N=46) 

With 
Dementia 

(N=22) 

Overall 
Cohort 
(N=68) 

Youden Index 0.55 0.42 0.41 

EEG-DI Threshold Value 1.98 2.02 2.04 

Sensitivity 0.93 0.82 0.91 

Specificity 0.61 0.60 0.50 

Positive Predictive Value 0.54 0.88 0.62 

Negative Predictive Value 0.95 0.50 0.86 

Positive Likelihood Ratio 2.41 2.06 1.81 

Negative Likelihood Ratio 0.11 0.29 0.19 

Abbreviations: EEG-DI=Electroencephalography-based Delirium Index. 

differentially affected EEG-DI computations. We could not 
model the effect of distinct sedative regimens without over
fitting our models, and chose instead to model influence of 
sedation as a binary variable. The residual confounding due 
to heterogeneous sedative exposure may have influenced 
the observed association between EEG-DI and delirium. Fu
ture studies should examine the effects of specific sedatives 
known to influence the EEG frequency content on perfor
mance of EEG-based metrics of delirium. 
Finally, and importantly, the wide confidence intervals 

obtained in our models limit precision of the estimated re
lationship between the EEG-DI and delirium. We carefully 
chose our covariates to limit the risk of overfitting, and the 
exclusion of additional precision variables may have left the 
primary model incompletely specified. An alternative ex
planation is that of an unmodeled influence (e.g. that of de
mentia, or of sedative effect) on the relationship between 
delirium and EEG frequency composition. In the subgroup 
analyses, the smaller sample size and low event counts con
tributed to the wider confidence intervals. In view of this, 
the magnitude of the associations, in particular the sub
group differences, may be sensitive to sampling variability 
and should be interpreted with caution. 

CONCLUSION 

Our previously published EEG Delirium Index was associ
ated with presence of delirium in a retrospective cohort of 
hospitalized nonagenarians. Our strongest findings support 
the diagnostic potential of the EEG-DI as an adjunct to ex
isting delirium screening tools among nonagenarians with
out known history of dementia. Our observations further 
suggest future studies exploring EEG-based biomarkers of 
delirium may improve precision by distinguishing among 
populations based on presence or absence of dementia. 
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