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Figure 2. (a,b) Raw electroencephalography (EGG) signals over 10 min of recording. (c,d) Power spectral density analysis from

the corresponding signal.
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Clinical delirium status and mortality
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The hypoactive group and mortality
(a) 90—day
1.0 1

1
i

o
©
1

Probability
o
@
1

0.7
0.6 survival rate 95%Cl
BSEEG score - 0.97 0.83-0.99
BSEEG score + 0.81 0.71-0.89
05 p=0.017
T T T T T
0 20 40 60 80
survival.days..90days.
Number at risk
BSEEG score- 39 39 39 38 38
BSEEG score+ 75 69 65 61 61
Xx2=5.7 df=1
The hyperactive group and mortality
(c) 90-day
1.0 -

4
©
1

Probability
o
©
1

0.7 - |
[
survival rate 95%Cl
06 7 BSEEG score- 0-83 0.48-0.96
BSEEG score + 0.65 0.40-0.82
p=0.246
0.5 —
T T T
00 20 40 60 80
survival.days..90days.
Number at risk
BSEEGscore- 12 12 11 10 10
BSEEG score + 20 15 14 14 13
x2%=1.3 df=1

(b) 1-year

m__I———H____ITH
!
1

o
©
1

Probability
o
©
1

0.7 1
survival rate  95%Cl
0.6 | BSEEGscore- 0.87 0.72-0.95
BSEEG score + 0.64 0.52-0.74
p=0.009
0.5 =
T T T T
0 100 200 300
survival.days..1year.
Number at risk
BSEEG score - 39 38 36 35
BSEEG score + 75 61 55 52
X?2=6.8 df=1
(d) 1-year
101 survivalrate  95%Cl
] BSEEG score -  0.83 0.48-0.96
09 4 BSEEG score + 0.50 0.27-0.69
’ p=0.071
=
5
S 08
[
o
0.7 !
: 1
0.6 L
0.5
T T T T
0 100 200 300
survival.days..1year.
Number at risk
BSEEG score - 12 10 10 10
BSEEG score + 20 13 " "
Xx2=3.3 df=1

X 2 : chi-squared test statistics, 95%Cl : 95% confidence interval, df : degrees of freedom

8 BSEEG 2 2 7IZhO L Al E CAZDY T 44 T
a:90 HOMIGEM:H A ST\ CHHE (L X 7= BSEEG 227 (+) #E& BSEEG 227 (-) Bk

BHn 77 vV A Y —ilife oz il & FEEE

b : 365 HREOIHEIMEH A RIZ W T fEHE(L X 47- BSEEG 227 (+) #& BSEEG 227 (-) Bk

507 T VA Y — il A O 2z iRkl

c:90 HO@IGEIMER AZIZ W IR X 7= BSEEG 227 (+) BfL BSEEG 227 (-) Hlzk T

b A AV i B el IRVAL TN |

d : 365 HRO@IGEME& A IO CERE(L X 72 BSEEG 227 (+) BE& BSEEG 227 (-) Bk

2075 A — il e 7l

HHESY X 7z BSEEG 2 27 & /2 90 H, 365 HIIZk 13 24 7 % 4 730 BSEEG % 2 7 O JLiIZ ks
WTHMEIREIEH AR ARSI AENZ L 4 /R L 7=, (Nishizawa Y, et al : Am J Geriatr Psychiatry. 2023 "

& 05H)

ANEDLDTUNENZEEHD, WAt HRE A
RO ohro7 (K8), 5%V v FLYUE
D25 AT, 5EIMEENFIENS,

FARSEREHRATH O, Mk FHRAL
FHATARLOROTHEL 6T EEFELLNA T
%, LU, B&ahoBefif v a ity
HBIRERNTIE AL, TARDERIZH TS AKXk

MEEE->TWS, L2 LAMECTHEE N
BSEEG 2 2 7 % W 7= idivkid, 5% & kst &
W3 Z LT, ZICAEIRBIS T8 ¢ AZOR T
REPHRTHMICAEHTH R Z LRI Tz, FEED
i, 2077 a—FREEZTTh L EERE
ke, RHRERIC RIS £ 72563 LS L T 5,
KOEE LT, FEIZ~Ny FH 4 FTBSEEG %



AASEMFRBEEEZ S 35% 1 & (2024) /Japanese Journal of Biological Psychiatry Vol.35, No.1, 2024 27

AT7EVTNEA LIZEKRTE DY AT LORFER
HEATED, WD AL 5 $ BB I # ek,
HIRER L L, ZOHRE A & B #PH IR
WIZIAWEEZ T\ 5,

ARE S ALE L 728 6 ORFFRICB L TR
PIBLRE %17 > T %, BRI HE R IZAFLE
LWy,

X W

1) Boustani M, Baker MS, Campbell N, et al (2010)
Impact and recognition of cognitive impairment
among hospitalized elders. ] Hosp Med, 5 : 69-75.

2) Ely EW, Inouye SK, Bernard GR, etal (2001) Deliri-
um in mechanically ventilated patients : validity and
reliability of the confusion assessment method for
the intensive care unit (CAM-ICU) . JAMA, 286 :
2703-2710.

3) Engel GL and Romano J (1959) Delirium, a syn-
drome of cerebral insufficiency. ] Chronic Dis, 9 :
260-277.

4) Fong TG, Tulebaev SR and Inouye SK (2009) Delir-
ium in elderly adults : diagnosis, prevention and
treatment. Nat Rev Neurol, 5 : 210-220.

5) Inouye SK (2006) Delirium in older persons. N
Engl ] Med, 354 : 1157-1165.

6) Inouye SK, Westerndorp RG and Saczynski JS (2014)
Delirium in elderly people. Lancet, 383 : 911-922.

7) Lee S, Yuki K, Chan A, et al (2018) The point-of-
care EEG for delirium detection in the emergency
department. Am J Emerg Med, 37 : 995-996.

8) McCusker J, Cole M, Abrahamowicz M, et al (2002)
Delirium predicts 12-month mortality. Arch Intern
Med, 162 : 457-463.

9) McCusker J, Cole MG, Dendukuri N, et al (2003)
Does delirium increase hospital stay? ] Am Geriatr
Soc, 51 : 1539-1546.

10) Nishimura K, Yokoyama K, Yamauchi N, et al (2016)
Sensitivity and specificity of the Confusion Assess-
ment Method for the Intensive Care Unit (CAM-
ICU) and the Intensive Care Delirium Screening
Checklist (ICDSC) for detecting post-cardiac sur-

gery delirium : a single-center study in Japan. Heart
Lung, 45 : 15-20.

11) Nishizawa Y, Yamanashi T, Saito T, et al (2023)
Bispectral EEG (BSEEG) Algorithm Captures High
Mortality Risk Among 1,077 Patients : Its Relation-
ship to Delirium Motor Subtype. Am J Geriatr Psy-
chiatry, 31 : 704-715.

12) Pisani MA, McNicoll L and Inouye SK (2003) Cog-
nitive impairment in the intensive care unit. Clin
Chest Med, 24 : 727-737.

13) Schuurmans M]J, Shortridge-Baggett LM and Duurs-
ma SA (2003) The Delirium Observation Screening
Scale : a screening instrument for delirium. Res The-
ory Nurs Pract, 17 : 31-50.

14) Shinozaki G, Bormann NL, Chan AC, et al (2019)
Identification of patients with high mortality risk and
prediction of outcomes in delirium by bispectral
EEG. J Clin Psychiatry, 80 : 19m12749.

15) Shinozaki G, Chan AC, Sparr NA, etal (2018) Delir-
ium detection by a novel bispectral electroencepha-
lography device in general hospital. Psychiatry Clin
Neurosci, 72 : 856-863.

16) Trzepacz PT, Mittal D, Torres R, et al (2001) Valida-
tion of the Delirium Rating Scale-revised-98 : com-
parison with the delirium rating scale and the cogni-
tive test for delirium. J Neuropsychiatry Clin
Neurosci, 13 @ 229-242.

17) van Eijk MM, van den Boogaard M, van Marum R]J,
et al (2011) Routine use of the confusion assess-
ment method for the intensive care unit : a multi-
center study. Am ] Respir Crit Care Med, 184 : 340-
344.

18) Yamanashi T, Crutchley KJ, Wahba NE, et al (2021)
Evaluation of point-of-care thumb-size bispectral
electroencephalography device to quantify delirium
severity and predict mortality. Br J Psychiatry, 1-8.

19) Zarei K, Sparr NA, Trapp NT, et al (2020) Bispectral
EEG (BSEEG) to assess arousal after electro—con-
vulsive therapy (ECT) . Psychiatry Res, 285 :
112811.



28 HAEYZHREHESZSE 3545 15 (2024) /Japanese Journal of Biological Psychiatry Vol.35, No.1, 2024

l ABSTRACT

Development of a novel bispectral EEG (BSEEG) device for detection and prognosis of delirium

Yoshitaka Nishizawa”, Gen Shinozaki?

1) Department of Neuropsychiatry, Osaka Medical and Pharmaceutical University
2) Stanford University School of Medicine Department of Psychiatry and Behavioral Sciences

Delirium is a common disorder encountered in psychiatric clinical practice, particularly prevalent among elderly patients
in hospitals, associated with poor outcome. Early detection and intervention are crucial, yet often overlooked, leading to
inadequate treatment. While delirium screening tools like the Confusion Assessment Method (CAM) are generally
considered to have high sensitivity and specificity, their sensitivity significantly decreases in busy clinical settings. On the
other hand, delirium has long been known to be detectable by EEG, with characteristic findings of low-frequency waves
known as diffuse slowing seen from all electrodes. However, specialized knowledge is required for electrode placement and
interpretation, and the equipment itself is large, making it difficult to use as a screening tool. The authors developed their
own algorithm, "bispectral EEG (BSEEG),” focusing on distinctive features of delirium and using brain waves obtained
from a limited number of electrodes to detect delirium and predict its outcomes. This paper introduces an overview of
previous research, its development, and recent findings.
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