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Abstract

OBJECTIVE: Many ICU survivors suffer disabling long-term cognitive impairment (LTCI) after 

critical illness. We compared EEG characteristics during critical illness with patients’ one-year 

neuropsychological outcomes.

METHODS: We performed a post-hoc analysis of patients in the BRAIN-ICU study 

(Pandharipande, NEJM 2013) who had undergone EEG for clinical purposes during admission 

(N=10). All survivors underwent formal cognitive assessments at 12-month follow-up. We 

evaluated EEGs by conventional visual inspection and computed 10 quantitative features. We 

explored associations between EEG and patterns of LTCI using Wilcoxon Rank-Sum tests and 

Spearman’s rank correlations.

RESULTS: Of 521 Vanderbilt patients enrolled in the parent study, 24 had EEG recordings 

during admission. Ten survivors had EEG tracings available and completed follow-up cognitive 

testing. All but one inpatient EEG showed generalized background slowing. All patients 

demonstrated cognitive impairment in at least one domain at follow-up. The most common deficits 

occurred in delayed memory (DM – median index 62) and visuospatial/constructional (VC – 
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median index 69) domains. Relative alpha power correlated with VC score (rho=0.78, p=0.008). 

Peak interhemispheric coherence correlated negatively with DM (rho=−0.81, p=0.018).

CONCLUSIONS: Quantitative EEG features during critical illness correlated with domain-

specific cognitive performance in our small cohort of ICU survivors. Further study in larger 

prospective cohorts is required to determine whether these relationships hold.

SIGNIFICANCE: EEG may serve as a prognostic biomarker predicting patterns of long-term 

cognitive impairment.
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1. INTRODUCTION

Many survivors of critical illness suffer lasting cognitive impairment after hospital 

discharge.1–3 These newly acquired cognitive deficits impact employment, interpersonal 

relationships, mental health and overall quality of life.1,4,5 There is also an increased 

risk of depression and rehospitalization among those who suffer the most severe cognitive 

decline.6,7

Risk factors for new long-term cognitive impairment (LTCI) after critical illness include 

older age at admission, presence and duration of delirium and multi-organ system failure.8,9 

The underlying pathophysiology of critical illness-related LTCI is poorly understood. An 

understanding of the pathophysiologic mechanisms leading to critical illness-related brain 

injury will direct the development of therapeutic and preventative interventions and help 

identify the patients most likely to benefit from them.10

Electroencephalography (EEG) provides a noninvasive evaluation of neurophysiologic 

activity. EEG features during critical illness vary from person to person, depending on 

presence and degree of brain dysfunction. EEG features such as background slowing, 

generalized periodic discharges with triphasic morphology (also referred to as “triphasic 

waves”) and disorganization (absence of a normal posterior dominant rhythm) are typically 

seen in delirium.11–13 Additionally, quantitative features derived from computational 

analysis of the EEG signals (quantitative EEG, or qEEG) may give insight to the 

underlying physiologic processes. Quantitative EEG has been evaluated extensively to help 

prognosticate neurologic function after cardiac arrest,14 traumatic brain injury15,16 and 

stroke.17,18 To our knowledge no study has examined the relationship between EEG features 

during critical illness and the detailed patterns of cognitive impairment.

We aimed to characterize conventional and quantitative EEG findings in patients with and 

without LTCI after critical illness. We hypothesized that EEG features associated with 

delirium would be more prevalent among patients with subsequent long-term cognitive 

impairment than in those with normal cognition at 12 month follow-up. We sought 

to test this hypothesis in a convenience sample of critically ill patients for whom 

EEGs were performed during their inpatient hospitalization and who completed formal 

neuropsychological testing 12 months after their hospitalization. We further sought to 
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characterize the relationships between quantitative EEG features and performance in the 

most strongly affected domains of cognition in the same patients. Our results will inform 

future studies using EEG to investigate the pathophysiologic link between critical illness and 

long-term cognitive impairment.

2. METHODS

2.1 Participants and Cognitive Evaluation

This is a nested cohort study of patients at Vanderbilt University Hospital who were 

previously enrolled in the Bringing to Light the Risk Factors And Incidence of 

Neuropsychological dysfunction in ICU survivors (BRAIN-ICU) study, in which long term 

neuropsychological outcomes of critical illness were prospectively examined in patients with 

respiratory failure, cardiogenic shock or septic shock. Study procedures were approved by 

the Institutional Review Board of Vanderbilt University Medical Center. Written informed 

consent was provided by participants or their surrogates.

Methods for the BRAIN-ICU study are described in detail elsewhere.9 Briefly, patients or 

their surrogates were recruited on admission to one of the critical care units at Vanderbilt 

University Hospital or Saint Thomas Hospital in Nashville, TN. Participants were assessed 

for delirium daily during hospitalization by trained research staff using the Confusion 

Assessment Method for the ICU (CAM-ICU)19 and underwent neurocognitive assessments, 

including the Repeatable Battery for Assessment of Neurological Status (RBANS)20 by 

trained psychology professionals at 3 and 12 months after discharge. Participants were 

screened for prior cognitive impairment at enrollment through structured interview questions 

and the AD8.21 Those who were over 50 years old or who reported problems with memory 

or thinking prior to their illness were screened for dementia using the Short Informant 

Questionnaire on Cognitive Decline in the Elderly (IQCODE)22 and the Clinical Dementia 

Rating (CDR) Scale.23 Participants with a score of 3.3 or more on the IQCODE22 and score 

greater than 2.0 on the Clinical Dementia Rating Scale were excluded.

For the current study, we included Vanderbilt participants on whom EEG was recorded 

for clinical purposes during the inpatient stay and for whom 12-month follow-up RBANS 

data were available. The RBANS is a validated neuropsychometric evaluation of global 

cognition. It includes subtests spanning 5 domains: immediate memory, delayed memory, 

visuospatial/construction, language and attention. Global cognitive impairment was defined 

as a total RBANS score less than 1.5 standard deviation (SD) below the age-adjusted 

population mean. Domain-specific cognitive impairment was defined as an indexed score 

less than 1.5 SD below the age adjusted population mean for that specific domain. These 

cutoffs were based on prior literature suggesting 1.5 SD as an optimal screening indicator 

for Alzheimer’s disease.24

2.2 EEG Analysis

EEGs were recorded as clinically indicated using a commercial Nicolet data acquisition 

system. All EEG recordings used a sampling rate of 250Hz and a 19-channel montage with 

ground and reference according to the International 10–20 system of electrode placement.
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EEG traces were reviewed by a neurologist blinded to the original report (SWR), 

using NicoletOne EEG Reader™ (Natus Medical Inc., Pleasanton, CA). The following 

conventional EEG abnormalities were noted: absence of posterior dominant rhythm 

(PDR), slow PDR (defined as less than 8Hz), focal irregular slowing (delta or 

theta activity), generalized irregular slowing, focal rhythmic slowing, generalized or 

bilaterally synchronous rhythmic slowing, generalized periodic discharges with triphasic 

morphology, burst suppression, epileptiform discharges, electrographic seizures and absence 

of background reactivity. Slow PDR was differentiated from generalized irregular slowing 

when theta activity was present in the posterior regions with preserved anterior-to-posterior 

gradient of frequencies. In case of discrepancy between the original EEG report and visual 

assessment, a second clinical neurophysiologist (RST) adjudicated the findings.

Additionally, EEG data underwent quantitative analysis as follows: recordings were 

exported from the clinical archives in European Data Format (EDF) and imported to 

EEGLAB25 for preprocessing. Recordings were detrended and band-pass filtered to 0.1Hz 

and 50Hz using a finite impulse response filter. The signals thus obtained were visually 

inspected and channels as well as periods with excessive artifact excluded. The remaining 

EEG was then referenced to a common average reference to remove global effects, e.g. due 

to reference contamination. Recordings were then divided into three-second consecutive, 

nonoverlapping epochs for subsequent feature calculation.

We used proprietary MATLAB functions based on the Chronux toolkit (http://

chronux.org)26 to compute a series of quantitative features, averaging them across epochs 

and across channels. We computed relative spectral power and spectral variability27 in the 

delta (1–4Hz), theta (4–8Hz), alpha (8–13Hz) and beta (13–25Hz) ranges. Relative power 

was computed as the ratio of band power to the total absolute power in the 1–40Hz range. 

Spectral variability was computed as the ratio of standard deviation (across epochs) in 

relative power to the mean (across epochs) relative power in each frequency band. as well 

as peak interhemispheric coherence between anterior temporal channels (F7, F8) in the 

1–8Hz range. We also computed approximate entropy (ApEn), a measure of the complexity 

of the EEG amplitude over time. ApEn can take on any value greater than 0, with higher 

values indicating increased complexity. Lower values are seen in sleep, dementia, anesthetic 

states and delirium. Consistent with prior literature28 we estimated ApEn using window 

length of 1 and tolerance of 0.25 times the signal standard deviation, averaged across 

all electrode contacts for each patient. Other authors have concluded that using these 

parameters, physiological data produce good statistical validity of ApEn.29

2.3 Statistical Analysis

We used the Wilcoxon rank sum test to compare cognitive test scores among patients with 

and without each conventional EEG abnormality. We used Spearman’s rank correlations to 

look for associations between qEEG features and cognitive test scores. To minimize effects 

of multiple comparisons, we selected the global score and the two most strongly affected 

subdomains for statistical analysis. All statistical analyses were performed using standard 

functions in MATLAB R2018b (MathWorks, Natick, MA).
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3. RESULTS

3.1 Demographic and Clinical Profiles

Of 521 patients enrolled at Vanderbilt in the parent study, 24 had EEGs recorded for clinical 

purposes during their index admission. Eight patients died and 4 were lost to 12-month 

follow-up. Two patients were excluded as we were unable to obtain their EEG tracings 

from hospital archives. Table 1 describes the clinical and demographic features for the 

remaining 10 participants. Of these, 6 had EEGs performed prior to ICU discharge. None 

of the patients had preexisting neurologic disease and all participants screened negative 

for evidence of premorbid memory or cognitive dysfunction. Median age was 45 and 50% 

of the patients were male. Seven screened positive for delirium or coma on the day of 

the EEG recording. Delirium screening occurred a median of 53 minutes prior to EEG 

recordings, with two participants having delirium screening during the EEG. The most 

common indication for EEG was altered mental status, with or without a shaking spell 

concerning for seizure. Median ICU length of stay (LOS) was 12 days, and median hospital 

LOS was 29.5 days.

3.2 Conventional EEG features

Of the ten conventional EEG abnormalities evaluated, 7 were present in at least one EEG 

(Table 2). The most common abnormality was generalized irregular slowing, followed by 

slow posterior dominant rhythm (PDR).

3.3 Cognitive Outcomes

Table 3 details the 12-month cognitive testing results as global and subdomain scores 

on the RBANS. Roughly half the participants exhibited global cognitive impairment. The 

most commonly affected domains were Delayed Memory (median 62, range 48–81) and 

Visuospatial/Constructional (median 69, range 50–84), whereas Immediate Memory and 

Language remained intact in most participants.

3.4 Comparison between EEG Features and RBANS Scores

We found no statistically significant differences in cognitive test scores between patients 

with and without any of the identified conventional EEG abnormalities (Supplementary 

Table). The Figure depicts correlation coefficients between qEEG features and 12-

month global, visuospatial/constructional and delayed memory scores. Relative alpha 

power correlated with visuospatial/constructional ability (rho=0.78, p=0.008). Peak 

interhemispheric coherence correlated inversely with delayed memory (rho = −0.81, 

p=0.018). Because EEG findings are impacted by severity of neurologic impairment and 

because neurologic status often fluctuates during the course of admission, we considered 

that the relationship between EEG findings and long term cognition may be influenced by 

the setting in which EEG was acquired (during hyperacute/critical phase vs during subacute/

early recovery phase). We thus used location of EEG (ICU vs floor) as a proxy for phase 

of illness at the time of EEG recording and conducted post-hoc sub analyses restricted to 

participants whose EEGs were recorded in the ICU. In this subset, peak interhemispheric 
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coherence again correlated inversely with delayed memory (rho=−1.0, p=0.017) and theta-

range spectral variability correlated negatively with delayed memory (rho=−0.89, p=0.033).

4. DISCUSSION

This study examined associations between EEG characteristics in the acute setting and 

cognitive test results at 12 months after discharge in a convenience sample of patients 

hospitalized for critical illness. Half of our participants scored less than 1.5 standard 

deviations below the norm for age at 12 months after discharge, indicating at least mild 

cognitive impairment.20 Specific cognitive tests in this range point to increased risk of 

developing dementia within the next 4 years among the elderly,30 though it is unknown 

whether this marker would hold true in the general population. Indeed, an emerging body of 

literature points toward increased risk of developing dementia after critical illness.4,8,9 There 

is a pressing need to understand this pathophysiology and remediate its effects.

Despite the small sample, we found a statistically significant correlation between relative 

alpha power and visuospatial/constructional ability, and a negative correlation between 

low frequency interhemispheric coherence and delayed memory. Thus, persons with lower 

relative alpha power in the hospital showed worse visuospatial/constructional ability at 12 

months after discharge, and those with higher interhemispheric coherence showed worse 

delayed memory performance on follow-up. Recognizing that EEG patterns may change 

with brain state, and brain state may be impacted by acuity or severity of the current 

condition, we also performed a post-hoc analysis exploring the subset of EEGs acquired 

during the hypercritical period (while patients were in the ICU). When the cohort was 

restricted to those with studies performed in the ICU, spectral variability in the theta 

range also correlated negatively with delayed memory. These findings are consistent 

with general principles of clinical electroencephalography wherein lower frequency (delta 

and theta) activity in the awake state suggests cerebral dysfunction whereas healthier 

brains typically produce faster frequencies (alpha and beta).31 In a systematic review of 

studies of Parkinson’s Disease patients, theta and delta activity negatively correlated with 

cognitive performance while alpha activity showed a positive correlation.32 Low frequency 

interhemispheric coherence increases with sevoflurane anesthesia in healthy subjects and 

suggests phase coupling across the cerebral hemispheres. This has been postulated to be 

a result of unmasked thalamocortical reverberant networks that may interfere with cortical 

information processing, or it may indicate thalamic deafferentation.33,34

In our cohort, conventional EEG abnormalities ascertained by visual inspection did not 

demonstrate significant associations with global cognitive function or with cognitive testing 

scores in individual domains. In larger samples, conventional abnormalities (specifically 

generalized slowing) were previously shown to correlate with functional outcomes.35 The 

different results found here may be a function of our smaller sample size, but could also 

be due to our longer time to follow-up and more specific outcome assessment. Although 

generalized slowing is a known marker of acute brain dysfunction and in-hospital mortality, 

it remains to be seen whether this feature can distinguish subtle variations in function among 

a cohort of long-term ICU survivors. In contrast, using quantitative EEG metrics we were 

able to identify a relationship with EEG along a continuum of cognitive outcomes even with 
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a small dataset. This may reflect the more nuanced picture of cerebral function that may be 

derived from continuous, objective descriptors (as opposed to dichotomous features). Taken 

together, these findings support the notion that quantitative EEG metrics recorded during 

critical illness hold promise as potential biomarkers of lasting brain injury that commonly 

occurs in association with critical illness.

EEG patterns at the time of acute illness can be influenced by a number of factors. Baseline 

cerebral function, sleep-wake cycles, the impact of acute illness on cerebral activity and 

effect of sedative or neurotropic medications may all play a role. In a series of 214 

general ICU patients who received EEGs to evaluate coma of unclear etiology, anoxia 

was associated with increased in-hospital mortality while other clinical diagnoses (infection, 

trauma, metabolic compromise) had lower mortality rates. Comatose patients with anoxia 

had higher odds of EEG suppression, whereas EEGs of patients with metabolic compromise 

were less likely to show this feature.36 A prospective cohort of nonintubated inpatients 

referred for EEG to evaluate altered mental status found that generalized EEG slowing 

was associated with longer hospital stays, worse in-hospital mortality and lower Glasgow 

Outcome Scores at discharge.35 Both of these studies, like the current investigation, 

evaluated patients who were referred for EEG based on clinical concerns. In a series 

of 125 prospectively evaluated mechanically ventilated patients recruited independent of 

clinical indication for EEG, voltage suppression (burst suppression as calculated by a 

BIS A1050 EEG monitor) during clinical delirium assessments was associated with an 

increased risk of death at 6 months (HR 2.04, 95%CI 1.12–3.70), even after adjusting for 

clinical factors including severity of illness.37 Regardless of whether EEG changes reflect 

severity of underlying illness, preexisting brain dysfunction or drug effect, the present 

study suggests that EEG may offer a noninvasive tool for early identification of specific 

patterns of cognitive deficits. Such a tool may find particular value in guiding early cognitive 

rehabilitation approaches in a patient population for whom brief neurocognitive screens 

have failed to predict long-term cognitive outcomes38 and focused participation in more 

comprehensive neurocognitive testing procedures has proven difficult.39

This study was limited by its small sample size, which precluded statistical controls for 

potential effects of sedatives and organ failure. Also, given that patients were included 

based on a clinical indication for EEG, the generalizability of our findings is limited. 

Necessarily, only those patients who survived with sufficient functional reserve to undergo 

neurocognitive testing at 12 months were included. This represents a diminished but 

important subset of ICU survivors. The small number of data points and substantial number 

of comparisons explored in this analysis raises the risk of both false positive and false 

negative correlations. These findings underscore the need for larger, prospective studies that 

can rigorously evaluate potential associations between specific quantitative EEG metrics 

and patterns of LTCI as well as the implications of specific EEG metrics with regard to 

physiologic function in the acute setting. An understanding of this physiology will allow 

us to exploit EEG as a physiologic biomarker of cognitive function and potentially as a 

prognostic biomarker of long-term cognitive impairment, which could pave the way to 

targeted cognitive rehabilitation therapies to combat this debilitating condition.
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5. CONCLUSIONS

We found evidence that quantitative features of the acute, inpatient EEG correlate with 

domain-specific cognitive performance at 12-month follow-up. These findings suggest that 

quantitative EEG during critical illness may provide sensitive and viable biomarkers for 

prediction of specific patterns of long-term cognitive impairment after critical illness. 

Further study is needed to confirm this hypothesis and to determine the implications of 

specific qEEG profiles. This line of study is expected to yield a better understanding of 

the neurophysiology of acute brain injury in critical illness and its link to chronic cognitive 

dysfunction, informing development of targeted intervention and rehabilitation strategies for 

millions of survivors of critical illness.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure: Summary of Correlations Between Quantitative EEG Features and Cognitive Scores
Correlation coefficients using Spearman’s rank correlation between 10 quantitative EEG 

features and 12-month global RBANS scores (A), visuospatial/constructional scores (B) 

and delayed memory scores (C). P-Values less than 0.05 are marked with an asterisk 

(*). Red colors indicate negative correlations, blue indicates positive correlations. Relative 

alpha power correlated with long-term visuospatial/constructional ability (rho = 0.78, p = 

0.008), while peak interhemispheric coherence and spectral variability in the delta range 

correlated inversely with long-term delayed memory performance (rho = −0.81, p = 0.018 

and rho = −0.657, p = 0.039, respectively). For example, persons with higher relative alpha 

power showed better long-term visuospatial/constructional ability, but those with higher 

peak coherence showed poor delayed memory at 12 months. RBANS: Repeatable Battery 
for the Assessment of Neurocognitive Status, SV: Spectral Variability

WILLIAMS ROBERSON et al. Page 11

Clin EEG Neurosci. Author manuscript; available in PMC 2022 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

WILLIAMS ROBERSON et al. Page 12

Ta
b

le
 1

:

C
lin

ic
al

 a
nd

 D
em

og
ra

ph
ic

 C
ha

ra
ct

er
is

tic
s

ID
A

ge
 (

ye
ar

s)
/

Se
x

R
ea

so
n 

fo
r 

In
tu

ba
ti

on
C

ha
rl

so
n 

Sc
or

e
D

el
ir

iu
m

IC
U

 L
O

S 
/

H
os

p 
L

O
S 

(d
ay

s)
R

ea
so

n 
fo

r 
E

E
G

E
E

G
 L

oc
at

io
n

E
E

G
 D

ur
at

io
n 

(m
in

)
T

im
e 

fr
om

 
C

A
M

-I
C

U
 

(h
r:

m
in

)

Se
da

ti
ve

s

1
43

/F
Se

ps
is

/A
R

D
S

0
Po

si
tiv

e
20

 / 
28

A
gi

ta
tio

n
IC

U
20

0:
36

Fe
nt

an
yl

, P
ro

po
fo

l

2
72

/F
Se

ps
is

/A
R

D
S

2
Po

si
tiv

e
11

 / 
12

A
M

S
IC

U
25

0:
41

N
on

e

3
63

/F
Se

ps
is

/A
R

D
S

1
Po

si
tiv

e
13

 / 
44

A
M

S
fl

oo
r

21
1:

12
N

on
e

4
41

/M
R

es
pi

ra
to

ry
2

N
eg

at
iv

e
7 

/ 3
0

Sh
ak

in
g 

sp
el

l
IC

U
15

0
0:

00
Pr

op
of

ol

5
61

/M
C

H
F

4
N

eg
at

iv
e

11
1 

/ 1
15

A
M

S
IC

U
25

3:
10

N
on

e

6
31

/M
Se

ps
is

/A
R

D
S

0
U

TA
18

 / 
29

A
M

S
IC

U
20

0:
50

M
id

az
ol

am

7
47

/M
A

ir
w

ay
1

Po
si

tiv
e

12
 / 

51
C

om
a

IC
U

20
0:

55
N

on
e

8
65

/M
C

ol
on

ic
 S

ur
ge

ry
6

Po
si

tiv
e

11
 / 

28
Sh

ak
in

g 
sp

el
l

fl
oo

r
21

4:
47

N
on

e

9
21

/F
R

es
pi

ra
to

ry
1

N
eg

at
iv

e
12

 / 
54

Se
iz

ur
e

fl
oo

r
20

0:
00

H
yd

ro
m

or
ph

on
e,

 
O

xy
co

do
ne

, L
or

az
ep

am

10
35

/F
R

es
pi

ra
to

ry
0

Po
si

tiv
e

6 
/ 1

2
A

M
S

fl
oo

r
27

7:
13

N
on

e

C
lin

ic
al

 a
nd

 d
em

og
ra

ph
ic

 c
ha

ra
ct

er
is

tic
s 

of
 B

R
A

IN
-I

C
U

 p
ar

tic
ip

an
ts

 f
or

 w
ho

m
 E

E
G

 tr
ac

in
gs

 w
er

e 
re

co
rd

ed
 d

ur
in

g 
ho

sp
ita

liz
at

io
n 

an
d 

co
gn

iti
ve

 te
st

in
g 

co
m

pl
et

ed
 a

t 1
2 

m
on

th
s.

 D
el

ir
iu

m
 a

ss
es

sm
en

ts
 w

er
e 

pe
rf

or
m

ed
 u

si
ng

 th
e 

C
A

M
-I

C
U

. T
im

e 
fr

om
 C

A
M

-I
C

U
 r

ef
le

ct
s 

tim
es

pa
n 

be
tw

ee
n 

de
lir

iu
m

 a
ss

es
sm

en
t a

nd
 E

E
G

 r
ec

or
di

ng
. S

ed
at

iv
es

 r
ef

le
ct

 s
ed

at
in

g 
m

ed
ic

at
io

ns
 a

dm
in

is
te

re
d 

w
ith

in
 2

4h
 o

f 
E

E
G

 r
ec

or
di

ng
. 

A
M

S:
 A

lte
re

d 
M

en
ta

l S
ta

tu
s;

 A
R

D
S:

 A
cu

te
 R

es
pi

ra
to

ry
 D

is
tr

es
s 

Sy
nd

ro
m

e;
 C

H
F:

 C
on

ge
st

iv
e 

H
ea

rt
 F

ai
lu

re
 o

r C
ar

di
og

en
ic

 S
ho

ck
; F

: F
em

al
e;

 IC
U

: I
nt

en
si

ve
 C

ar
e 

U
ni

t; 
L

O
S:

 L
en

gt
h 

of
 S

ta
y;

 M
: M

al
e;

 
O

th
er

: R
es

pi
ra

to
ry

 fa
ilu

re
 n

ot
 a

ttr
ib

ut
ab

le
 to

 s
ep

si
s 

or
 A

R
D

S;
 U

TA
: U

na
bl

e 
to

 A
ss

es
s 

(d
ue

 to
 c

om
a)

Clin EEG Neurosci. Author manuscript; available in PMC 2022 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

WILLIAMS ROBERSON et al. Page 13

Table 2:

Conventional EEG Abnormalities

Participant No PDR Slow PDR Focal
Irregular 
Slowing

Generalized Irregular 
Slowing

Generalized 
Rhythmic 
Slowing

No 
Reactivity

Low 
Amplitude

1 X X

2 X X

3 X

4 X X X

5 X X X

6 X X

7 X X X X

8 X X

9 X X X

10

Presence of common EEG abnormalities on visual inspection. Ratings required agreement by at least two clinical neurophysiologists. All but one 
study had background slowing (generalized irregular slowing or slow PDR). None of this cohort of patients had focal rhythmic slowing, triphasic 
waves, burst suppression, interictal epileptiform discharges or seizures. One participant (4) did have normal sleep architecture – this EEG was 
recorded for 2.5 hours. PDR: Posterior Dominant Rhythm

Clin EEG Neurosci. Author manuscript; available in PMC 2022 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

WILLIAMS ROBERSON et al. Page 14

Table 3:

Cognitive Testing Scores at 12 Months

Participant Immediate Memory Visuospatial Constructional Language Attention Delayed Memory GLOBAL

1 106 50 103 106 78 84

2 106 64 96 94 81 84

3 109 81 87 112 60 85

4 103 84 100 106 75 90

5 97 69 108 106 68 85

6 81 78 89 100 48 74 

7 109 66 85 72 56 72 

8 100 69 101 72 64 77 

9 103 69 96 68 60 74 

10 81 60 74 53 52 55 

Normalized RBANS scores at 12 months after hospital discharge. Scores more than 1.5 standard deviation below norm are indicated in bold 
red. Five of the 10 participants demonstrated global cognitive impairment. Delayed Memory (80% impaired, median 62) and Visuospatial/
Constructional (70% impaired, median score 69) were the most commonly affected domains in this cohort.
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