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ABSTRACT

The Automated Anesthetic Management: An
aspect of social insurance approval and
coverage

Yoshinori Iwase, M.D.

Will the day come when we will practice with
an automated anesthetic management system
under social insurance coverage? And what is
the path to that point at this stage? We dis-
cussed it with successful examples as follows;

1. Why was the surgical robot da Vinci success-
fully approved and covered by social insurance
in Japan?

2. Urgent approval of the new coronavirus vac-
cine

3. Procedure from medical device approval to
social insurance listing

4. The importance of terms and their pitfalls

5. Will insurance coverage for automatic anes-
thesia be realized?

The conclusion was affirmative. However, nu-
merous social and financial risks must be con-

https://www.mhlw.go.jp/stf/newpage_16614.html g Jered.

0.[00000: 13 2021].
6. 00000000, 00000000000000
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Saitama Medical University Hospital
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ABSTRACT

The modification of the small-bore
(OD 3.9mm) digital inspection endoscope
”Otoscope video cameras” into inexpensive
video-laryngoscopes system.

Masakazu Nakao, Masahide Shinzawa,
Ryoko Honda, Shunsuke Murakami,
Masakazu Ishibashi, Sayoko Kawamoto,
Yoko Sasaki, Kurumi Miyachi, Serika Motoike,
Naoko Mitsutani, Yuhei Mae, Saya Mochizuki,
Rumi Watanabe, Aya Harada

Video laryngoscopes are getting popular to
learn/teach skills for tracheal intubation. Re-
altime monitoring and recording/playback of
video is very useful especially for teaching hospi-
tals. We have been developing homemade video



laryngoscope system by using thin analog video
cameras for the last 10 years. Our latest sys-
tems consisted of small-bore (6mm) composite
analog video camera, the power supply for video
camera and portable video recorders. While the
outer diameter of this camera was thin 6mm, it
hinders direct laryngoscope view to some extent.

Recently we found the family-use thin pen-
cil shaped camera system for ear wax removal
is available on the internet at reasonable price,
less than $100. The diameter of distal camera
tip was 3.9 mm, and the camera cable was con-
nected to smartphone-like body unit which pro-
vides 4.5 inches color LCD display and power for
camera. The digital camera of 720P high resolu-
tion is connected to amplifier in 6mm aluminum
pipe according to X-ray photography. We bent
this aluminum pipe with vise into the curva-
ture of laryngoscope blade and filed the lateral

OO0 MacintoshOOOOOOOO 39mmO00000000O0O0O0OOOOCCOOOO0OO0O0OOO

side of pipe to sit on the wall of laryngoscope
blade. Camera was fixed with stainless wire
pinch (clothes pins) by using double-sided adhe-
sive tape (KPG-12, 3M). New thin 3.9mm video
camera could provide better view, handling and
visual quality.

With small modification, the ear wax removal
camera could be converted to inexpensive video
laryngoscope system.

Key words: tracheal tube intubation, multi-
purpose digital inspection endoscope, Otoscope,
video-laryngoscopy, education.

Division of Anesthesia and Pain Control
Hiroshima General Hospital

1-3-8 Jigozen, Hatsukaichi City,
Hiroshima, 738-8503, Japan
masa.nakao@nifty.ne.jp
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ABSTRACT

A Gadget Case for Anesthetic Managements
with AYA-P and Android Terminals.

Yoshinori Iwase! and Takashi Ishiguro?

We have proposed various clinical devices in
anesthesia at our society meetings. Recent
smartphones and tablet terminals have various
advantages even in not latest or retired models.
We added a small and ultra-sensitive vibration
sensor "AYA-P” (Cosmic ME, Saitama, Japan)
to compose a gadget case for clinical anesthesia
with the following functions.

[Functions]
1. DIV dripping monitor and empty alarm by
AYA-P, (including NMT monitoring)

AYA-P had a very wide possibility of applica-

tion detecting in fine vibration with Bluetooth
data transmission.
2. Wireless video surveillance of ETT in the
head and neck surgery applying “ ITPWebCam”
(Produced by Mr. Pavel Khlebovich, Moscow,
Russia, distributed through Google Play.).

This software enabled real-time ETT video
monitoring between smartphone and tablets.
Recorded video can be analyzed by timelapse
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technique. Author would mention special thanks
to Mr. Khlebovich to provide previous version
of IPWebCam.

3. A4 sized attach case for organed storing and
high-volume battery

4. Stands and tripod for smartphones, hygienic
goods.

[Conclusion]

Current devices were quite useful in the lim-
ited situation under non-clinical researching pur-
pose.

1 Department of Anesthesiology, Saitama Med-
ical University Hospital, Moroyama, Saitama
350-0495, Japan
2 Cosmic ME Inc., Higashi-Urawa, Saitama
336-0926, Japan



Ach00oO0O0O0000O0O00O00OO0O00O0OOO000OOO0OO0O0DDOO00OBOOO

AChOogOobobooobooobobooobood
gooooboooooood

00 0000 0O0*000 oot

g d

gboooooooooooooooogan,o
oboooobooobobooooboooooboog
oooooo.

goon

gobooooobooooboooobocooobn
bobooboboobooboooood

0 d

QOUooOooO0D00000000000,000
oooooobooooooooboooooogg.

@UO000000 (ACh)O AChO OO (AChR)
0000000000000 O0O000O0 YOO,
AChRODOOODOOOOOOODOOOOD,000
00000000, TOF (Train Of Four) O PTC
(Post Tetanic Count) 00 DO 00OOOOO
D000000000000000000000
0000000000, AChRODODODOOO 300
0 quanta®, 100000000000 AChRO
00000 300 quanta, AChO OO OOO0OO
000 03s, 1000000000 AChOOO
00 0.10 quanta, AChODOODODOOO 4.0s, 0
00000000000 30000,00000
(AChRODOO00D)0000000000000
0,70 - 90 - 93 - 96 — 98 — 99 - 99.5 — 99.9
~98-90-7000000000,00000
AChRODODOO (200Hz00O0O000)000, O
00 TOFO PTCOOOODOOOOOOOO
0000000000000000000000

0000 000000000
*00000000000
fJADODOOOOODD

j00.50.54

i1000000000000000000DO
gobooooooobooooooo
gboooooob,bo0boo0obocoboboo
gobooooo,ooooobooooo,ooo
gboboooboooobooooooooboooo
gbooooobooooboooooon.

(®UOD0D00000000000D0000000n
00o0oUoooooooo (O ).

g 0

gooooooooooooooooooon,
goboooobooooooobooooooooono,
ooooovo0o0oog, TOFO 1000,9500
TOFOOODO 3,99.500 TOFOOOO 0, PTC
oboobovoooooboo.obooboobooboo
000 (TOFOOOO0O PTCOODOODOODOD
000oo0)0o0o0oo0o0,000o0o00oo
gooo,Tor00dg-TorFrOOOOOOO
- PTCOODO-TOFODODODOOOO -~ TOFO
gbooooboobooooobobooog.

g 0



gboooooooooooon 2021

QOooDoDO000D00DO000D0O0DOO00OO
go,0000000000000,000000
oooobooobooooooobooooo. o
go,b0000b0bboooobobobooog
oooobcOoOooooooooooooon,
gbooobooooboboooog.

@TOoFO0D00OOOOOODODOOOO
000,1000000000 AChROOOOO
0O AChROOOOOOOOOOOOODBOOO
o00ooooOoO0ooo0,00o0oo00o0oo
00000000000 00O0oo0ooooo
0oo00,1000000000 AChOOOO
O00bo0o0o0ooOo0ooo0ooooOooooo
0O0. 000,1000000000 AChOO
0000ooo0o0o0ooo0o0o,00000o0o
oooooooO0ooo,0000000000
00,1000000000 AChOODOOO0.10
quanta, 000000 40s000. OOOCO
0,00000000,000000AChO0O0O
0000000000000 PTP (Post Tetanic
Potentiation) 00 0000000000000,

ggoooooooooooobobobobobooboo

®oo00000000000000,00000
gbobooobooooboooooooooboooo
obooooooooooooooboo, 10000
go,00b00o0oobooboobooobooobooboo
gboooobooooboooooogn.

g 0

OUoDO00000D0000000000000
gb,0000000b00b00o0b0o0oob00oboo
gbooooboooobooboooogon.

®1000000000 AChODDOOODOODO
obooobo,o0.10 quantall4.0s 000000
gbooooooobo,oboobocoobooboo
goo.

gooo

1.0000,000000000000000 30,
1980, p.20.

2. 0000,000000000000 00002020,
P.168.



46— PK/PDOO0ODO0O0OOOOOODOODOOOOODOOOODODOO

PK/PDOOOOOO0OODODOOOOOODODOOOODODOO

go g

goon

00000000 (TIVAjtotal intravenous
anesthesia) 0 0 0 00O TCI (target controlled in-
fusion) 0000000000 O0OO0OOOOOOO
goodoooOooopooooOoogoo Te1rog
00000000000 Diprifusor™ 0000
gobooooboooboooboooobooboog
ooooooorcicooooooooooon
O00oo0oooooo (PK/PD)OOOOOO
goboooboobbooobooboboooo
goboooooooboooooboooooboong
oono

TClOOOOOOoOOoooo

201300000000000TCcIoooooo
gobobooooooboobooboooboo
ooooooo TcIcoooooooobooon
booboboobooooboboobobooboo
b 30b0obobobooboooooooag
gobooooboooboooooboooooboong
gbooboobobooboooooobomoboooo
oobooooooooooooooooooo
gobooooooboooboobobooobod
oobooooooboooboooboooooboo
oboboboboboboboboboboo
oboobobooboboobobobobooboo
oboobooooboobooobobooooboa
ooooooo

gboboooooo

00000000 Embarcadero 00O C++
Builder XESOOOOOOOOWindows7 OO 0O
000000 oooooo

| @TE371 Data Logger & controler =
Fle(F) Conig(C) Window(W) _versiony

Remifentanil (Minto model) Cp TCl mode Elapsed Time 00:03:48

Main Controls il /hr mode < [ Tme Rate (mlb) -
—— |TimeRateTotal Status Alarm 00003 284
st | [[Stop ] 0000000000 Stopped 0000 00015 258
000001,00,00,St0pped, 0000 S
Log Clear 00:0002,000. ped 0000 L Y

0 inning 0000 00:00:39 224
Table Clear] 0000042840 0000 000081 211

000103 202
0000072840, 0000 0001:15 194

Pump Controls 0000052840 0000 000127 168

[y ey 000139 164

g St ] 0000102840 0000 0ot 161
0000112640 0000 i

[ Pump Stop | 0000122840 0000 000202 00

0000132840 0000 000250 58

00:00:19.29 8,0.1 Running 0000

(a) X1 VEH

Patient information
Patient's Data Close

Age (year) 40
Gender  © Male Female
Height (cm) 170.0 |

Weight (kg) 70.0 I

(b) BEFHRET

Pump Configuration

Py Seti:

Serial Port COM51 ~

Baud rate 19200 ~
Pump ID 00000000
Pump Mode for Control mL/hr mode -

[¥] Flow0 Stop mode
[Z] Use TE371 Exmlator

Drug information
Drug and Pk model
Remifentanil (Minto model) Cp
Drug concentration Unit
100 megml ~

(o) R T&EEH| BREE
0 1 TE371Logger&Controller 0 00O

32bit 0000 64bitOSO OO0 O0O0OOOOODO
o00Oo0O00o0O0oO0oo0b TERUMO OO TE371
goDoOOTETM1OOODOOOODOOOOO TCI
goooooooboooobomoooobooooboo
00000 RS232C000000000O0O0OO



gboooooooooooon 2021

000000 RS23200000000000
0000000000000000000000
000000000000000000000
00000000 TERUMOOOOOOOOO
0 YD 00 Windows 00000 RS232C 00
0000000000000000000000
USB-erial 100 00000000000000
000000000000000000000
0000000000000000000000
00D0ORS2320000000000000000
0000000000000000000000
00000000000 1la000000000
0000000000000000000000
0000000000000000000000
0000000000000000000000
000 (0 1b)000000000000000
(0 1c)000000000000000000
00000000O00PK/PDODOOOOOODN
0000000000000000000000
00000000 (O 2a)0
00000000000000000 TE3TL
0000000000000 (02000000
0000000000000000000000
PK/PDOO0O0OOOO0O0DOOOODOOOO0O
0000000000000000000000
0000000000000000000000
0000000000000000000000
000 10000000000000000000

100000

00000000 LogODOOOControl OO OO
Scheduled DO OOTCIOOODO 40000000
O0b000O0LeghOOOOOODOOODOO
goboooooobooboooboooobog
0000000000 300000 (mL/hrdQ
O0Omg/kg/hr 000 0TCIOOO)O00ODO0O
OOControl00O00DOOOOOODODOOOODO
gobooboooobooobooooooobooa
O000000000000000000 mL/hr
OO00000D00OC0O0000D0ODAO Scheduled O

EXEB  Remifentanil (Minto model) Cp

3600
00:00045.0,0216,0001 236,00
00000550,0341,0003236,00
0000065 0,0463,0006236,00

@PKPDDO LY RTZT
ST AW o 9.

Emulator Speed  x1 ~

Status Running ~ Warnings 0000

Flow rate 75.0

Total Volume 52

Pump Mode  mL/hr mode

Flow Set 0.0 -
[ san ]
Init Close

(b) TE371 T al—%—

02PK/PDOOOOODO
TE371 0000000

gobooooooboooobooobooooao
000000oooooooooonoo Sched-
ued0000OOCOCOODODDOOOOOOOOO
gbobooobooobooooboooooboooo
gbooooobooobooboooobooobooaoo
00 ScheduledOOOOOOOOOOOODOODO
gopoooTcigooo rcicgooooooon
goooooooorcioooooooooog
gbobobooooooooooooooooooo
gooooooooooTclbooooooobo
gpoooooog

gbobooobooboooboo1booobod
gbobobooooooooooooooooooo
gooooooooooopooo Terooooo
goooooboooboooobooooobooo
0000000000 0Omg/hir00000OCDO
goooo Teiooooogooooooooo
gbobooobooooobooooooobooobooo



O Control 00O O OScheduled D OO OTCIO O
0dddooooooooooooooooo
o0dddodooooooooooooooo
goddoooooobuooobuooooooao
O00000o00oo0oo000000dddSched-
uledDO0O00O Control D0 OOOOOOODOO
Control0 000 TCIDOOOODDOOODOO
goddooooobooooobooooooao
ooo0oooooo Tcloooooooooa
0ood0DoDOoooooooooDooo TCiIoooa
goddoouoobouooooboooouooao
gooooooooon

200000000

ubobgboboboboboooooao
PK/PDODOOOUOOOOO 10000000
O00o00o0obo0O0o0oboo0o0oD TE3T1OOO
ooboooooooobooooobooooooo
ubobobooooooooboboboba
gbobobooooooooooobobobo
gobooooboooobooooboooooboog
oooood

300000000 PK/PDOOO

0000000000000 O0O Marsh OO
020 Short 000 00000000 Doi O
00 %0 Schittler 000 00000000
Shafer 000 90000000000 Minto O
00700000000 Wierda OO0 ® 000
O000D0O0OOpen TCIOOODOODDOOOO
00000000000 D0D0O0000

oobooobooooobo1oo0oooooDo
gobooooooboobooobobooobono
obooobOooooooboooooaoo

0000000000000 o PK/PD OO
ugbobodaboboobooooboobobooaoo
gobbooobbooboboobboobbooo
oboooooobooooboooboboooboobooa
oobooooooooboooooboooboooo
uboboooobooboboboboboaoba

PK/PDOO0ODO0O0OOOOOODOODOOOOODOOOODODOO

gbobooobooobooooboooooboooo
gboooooao

4 TE371 00000
TE371O0O0OOOoO0O0oOooobooooaooo
gboobooooboiroboobboooobon
g200000000D0P000D0”00000O
gbbooobooboooooobooobooboaoo
gooooogogoogooTERUMOODOOOODO
goboooboooobooooboooooboooo
gooooo20booo"0ooroooobboo
gboboooboooboooooooooboooo
ooool1ooooroco"ooboooooooon
gbo200000000000000 0300
gbobooobooooboooooboooooboooo
gboooboooo30obooboooooooon
O0OPK/PDOOOOOOOOODOOOOOOO
goboooboooooobooooooboooo
000o00ooo0o3g000o0oooooo T™MOO
gbobobooooooooooooooooooo
gboboooooooboooooooboobooboo
goooobooobooobooooooboooo
gbooboobooooobooboooboo4o
ooo0TE37r1000000000O000000
gooooboooboooooooooboobooo
gboooooobooooooo

gobooo

goooooboo TE3T10D000ooooon
oooDbOob TE3riobOooobooooooo
gooooooooooooooooooog
gooboobobobobobooboboboog
go0oo0ooboboboboboooooooag
gboobooboboboboboboboooog
gooboobooboboboboboboooog
goooooobooboobobobobooog
gooooooboboobobooooooog
gboobooboboboboboboboooog
gobobooobo2b000b0oboobonog
00000000 named pipe0000000O0O



gboooooooooooon 2021

goooooo

ERERE

TE371 00000000000 O00b00oo0o0
gboboboooooboobooobooboobo
gobooobooobooobooooog
OO0 TIvAOOOOOOOOOQOQoDoOoOoDOo
TcloooooOooODooDDODOoOoOOoooooo
gboboboooooooobobooboobo
gbooobOoboooobooooog

goon

1. TE371 00000000 TERUMO OO 2010.

2. Marsh B, White M, Morton N, Kenny GN.
Phamacokinetic model driven infusion of propo-
fol in children. Br J Anaesth 1991;67:41-8

3. Short TG, Aun CS, Tan P, et al. A prospective
evaluation of phamacokinetics model controlled
infusion of propofol in paediatric patients. Br J
Anaesth 1994;72:302-6

4. 0000000000000 0O00a0g
2014;34(7):860-6

5. Schiittler J, Eisenried A, Lerch M, Fechner J,
Jeleazcov C, Thmsen H. Pharmacokinetics and
pharmacodynamics of remimazolam (CNS 7056)
after continuous infision in healthy male volun-
teers. Anesthesiology 2020;132:636-51

6. Shafer SL, Varvel JR, Aziz N, et al. Pharma-
cokinetics of fentanyl administered by computer-
controlled infusion pump. Anesthesiology
1990;73:1091-102

7. Minto CF, Schnider TW, Egan TD, et al. Influ-
ence of age and gender on the phamacokinetics
and phamacodynamics of remifentanil. 1. Model
development. Anesthesiology 1997;86:24-33

8. Wierda JMKH, Kleef U, Lambalk LM, et al.
The pharmacodynamics and pharmacokinetics
of Org9426, a new non-depolarizing neuromus-
cular blocking agent, in patients anaesthetized
with nitrous oxide, halothane and fentanyl. Can
J Anaeth 1991;38(4):430-5

ABSTRACT

Develpement of a software for data logging and
infusion control of a TE371 syringe pump

SATOSHI HAGIHIRA

Here, I developed a software to record the sta-
tus of a syringe pump TE371 and to control the
pump. This software has been developed using
Embarcadero’ s C++Builder XE8 and runs on
Windows 7 or later 32- or 64-bit operating sys-
tems. The target syringe pump is TERUMO’ s
TE371. This software implements four modes:
Log mode, Control mode, Scheduled mode, and
TCI (target controlled infusion) mode. In Log
mode, this software supports three pump modes
(mL/hr mode, mg/kg/hr mode, and TCI mode).
In other modes, the syringe pump must be set
in mL/hr mode. The scheduled mode is to ad-
minister the drug according to the administra-
tion plan made in the time table. TCI mode is
the mode in which the drug is administered by
TCI. One of the main features of this software
is that it allows the user to switch the operation
mode during operation. Another feature of this
software is that it implements the TE371 emu-
lator, which allows PK/PD emulation without a
syringe pump.

This software would be useful for perform-
ing TIVA using various intravenous anesthetics
and opioids, and it is necessary to address the
fact that software for TCI cannot be freely dis-
tributed because it is regulated as a medical de-
vice by the govenment.

Department of Anesthesiology,
Kansai Medical University, 2-5-1
Shinmachi Hirakata City, Osaka,
Japan 573-1010
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Introduction

A few decades ago, anesthesiologists could
only monitor simple biometric information such
as blood pressure and heart rate to judge that
the patient was completely unconscious during
general anesthesia. However, with the advance-
ment of technology, it has become possible to de-
termine the degree of sedation by analyzing the
frequency of the electroencephalogram (EEG).
With the advent of the bispectral index (BIS)
monitor, which was approved by the U.S. FDA
in 1996 for the first time to monitor the effects
of anesthetics on the brain, the EEG has been
widely used to monitor the level of sedation.
The Japanese Society of Anesthesiologists (JSA)
now states that "EEG monitors should be used
(as needed)” in one of their backbone guidelines,
”the JSA Monitoring Guidelines for Safe Anes-
thesia (revised in 2019)”.

EEG and depth of anesthesia

There is a clear distinction between
sleep and anesthesia on the EEG. Figure.l
shows unprocessed electroencephalogram sig-
sedation and

natures of propofol-induced

unconsciousness’).  These include the awake
state (fig. 1A), paradoxical excitation (fig. 1B),
a sedative state (fig. 1C), the slow and alpha
oscillation anesthetic state (fig. 1D), the slow
oscillation anesthetic state (fig. 1E), burst sup-
pression (fig. 1F), and the isoelectric state (fig.
1G). When the eyes are closed at rest, alpha

waves (8-13 Hz) appear over a relatively wide
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Figure. 1 Transition of EEG morphology
from wakefulness to a deep state of
anesthesia (from top to bottom)b.
Reduction of frequency on the EEG is

recorded in this sample image. A: Awake

state. Beta and gamma oscillations are ob-
served. B: Paradoxical excitation. Beta oscil-
lations are appearing. C: A sedative state. Al-
pha and beta oscillations are observed. D: Un-
consciousness at surgical level. The slow and
alpha oscillation anesthetic state. E: Uncon-
sciousness during induction. The slow oscil-
lation anesthetic state. F: Burst suppression.

G: The isoelectric state.

This figure has been licensed by WOLTERS

KLUWER HEALTH, INC. (LICENSE#

5185290019585), for reprint use.
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area, mainly in the occipital region, but when
the eyes are open, alpha waves fade, and beta
waves (13-30 Hz) become significant. Alpha and
beta waves are the bands often recorded dur-
ing the awake state. During anesthesia, delta
(0.5-4 Hz) and theta (4-8 Hz) waves with low fre-
quencies are observed in a relatively large area
of the brain. Burst suppression refers to the al-
ternating appearance of large-amplitude, high-
frequency brain waves (bursts), and flat brain
waves (suppressions) that may reflect a state of
deep anesthesia. BIS digitizes these EEG waves
by Fourier transform and calculates them after
various analyses, yet the company does not dis-

close the calculation algorithm.

A spectrum displays the power content per
frequency of only one segment of the EEG data.
To use spectra in EEG analysis during anes-
thesia, it is necessary to calculate spectra on
consecutive data segments. The efficient calcu-
lation of the spectra of consecutive data seg-
ments is called spectrograms. Spectrograms
make it possible to see how the oscillations in
the EEG change over time as the dose of anes-
thetic or the intensity of the arousing stimu-
lus changes’). The spectrogram is essentially
a three-dimensional structure (time, frequency,
and power), but it can be plotted in two dimen-
sions by placing time on the x-axis, frequency
on the y-axis, and power through color-coding
on the z-axis (fig. 2). This two-dimensional plot
of the spectrogram is termed the density spectral
array (DSA). The power spectrum is encoded in
different colors; blue implies minimal power, and
red indicates high or maximal power. Spectral
analysis can help visualize frequency distribu-
tions, especially oscillations, and detect subtle

changes in frequency structure.

Nevertheless, it is essential to know both
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Figure. 2 Representative image of density
spectral array.

The three-dimensional spectrogram (time,
frequency, and power) is plotted in two dimen-
sions by placing time on the x-axis, frequency
on the y-axis, and power through color-coding
on the z-axis".

This figure has been licensed by WOLTERS
KLUWER HEALTH, INC. (LICENSE#
5185290019585), for reprint use.

The Creative Commons license does not apply
to this content. Use of the material in any for-
mat is prohibited without written permission
from the publisher, Wolters Kluwer Health,
Inc. Please contact permissions@lww.com for
further information.

time-domain and spectral representations of spe-
cific behavioral and neurophysiological states in-
duced by anesthetics?). A recent prospective ob-
servational study reported some benefits of DSA
in also 104 pediatric patients younger than six
years who received anesthesia with sevoflurane.
There was a significant correlation between end-
tidal sevoflurane and DSA in the age groups 6-12
months (p<0.05) and 1-6 years (p<0.0001), al-
though the relative percentages of DSA did not
correlate with end-tidal sevoflurane in infants <

6 months of age?.

In this way, DSA could be clinically useful for
anesthesiologists to utilize processed EEG as a
tool to integrate raw EEG while administering
general anesthesia.



Evidence for BIS values

0O EEG and intraoperative awareness
of the

most devastating anesthesia-related complica-

Intraoperative awareness is one
tions that every anesthesiologist should make all
efforts to avoid. The incidence of intraoperative
awareness is about 0.1-0.2%, and it is more often
seen during emergency surgery, neurosurgery,
cardiac surgery, and maternal surgery®). In-
traoperative arousal can lead to post-traumatic
stress disorder (PTSD), that one may poten-
tially suffer for a longer period of time (> five
years)?. Although the adequate depth of anes-
thesia should be maintained during the opera-
tions, an overdose of anesthetics may accom-
pany delayed recovery from anesthesia with or
without postoperative delirium that may impact

56) . Therefore, it is nec-

postoperative morbidity
essary to titrate to an appropriate depth of anes-
thesia using an EEG monitor to ensure safety
during the entire procedure.

Prevention of intraoperative awareness using
EEG monitoring has been controversial.

B-Unaware trial posted in 2008 in the U.S.,
which included about 1,900 patients (BIS group
vs. end-tidal anesthetic gas (ETAG) group),
showed that the frequency of intraoperative
awareness in all patients was 0.21%, and there
was no effect of the BIS group in preventing
anesthesia awareness’).

In contrast, a study from China reported the
utility of EEG monitoring to avoid intraopera-
tive awareness. About 5200 patients receiving
general anesthesia management with total in-
travenous anesthesia (TIVA) were studied. The
authors compared the groups without BIS and
with BIS. Intraoperative awareness was observed
in 0.14% of the group with BIS and 0.65% with-
out BIS. They concluded that EEG monitoring

Exploring the Deep Sea of Anesthesia with Electroencephalogram

significantly reduced the incidence of intraoper-

ative awakenings®.

More recent meta-analyses highlight the util-

ity of EEG monitoring during anesthesia.

A study published in 2018 adopted five stud-
ies, compared 17432 cases of BIS-guided man-
agement vs. 16749 cases by clinical signs. Still,
the association between BIS monitoring and
the incidence of intraoperative awareness was
not significant. However, when focusing on
the two studies only for TIVA, the use of BIS
significantly reduced the incidence of anesthe-
sia awareness. BIS monitoring group showed a
lower incidence of intraoperative awareness in
patients with TIVA when compared with non-
BIS monitoring group (OR=0.20, 95% CI=0.08-
0.49, P=0.0004), whereas there was no statis-
tically significant difference between BIS and
non-BIS monitoring groups in patients with in-
halation anesthesia (OR=1.13, 95% CI=0.56-
2.26, P:O.73)9). The Cochrane systematic re-
view, updated in 2019, included 52 studies with
41,331 patients.

creased from 0.9% to 0.3%, clinical signs, vs.

Intraoperative awareness de-

BIS-guided anesthesia management; Peto OR
0.35 (95% CI: 0.21-0.60). This provides less cer-
tainty evidence that BIS-guided anesthesia may
reduce the risk of intraoperative awareness dur-
ing general anesthesia. However, there was no
evidence of a difference in incidences of intraop-
erative awareness according to whether anesthe-
sia was guided by BIS or by ETAG, i.e., Peto
OR 1.13 (95% CI: 0.56 to 2.26), n=26,572 par-

ticipants; low-certainty evidence) 10)

Taken together, EEG monitoring may signif-
icantly prevent intraoperative awareness when
general anesthesia is managed by TTVA, and se-
dation management using EEG is significantly

more useful than assessing the degree of seda-
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tion from clinical findings.

Another important point is that a low BIS
value does not mean that the patient is suffi-
ciently sedated intraoperatively, and a high BIS
value does not mean that the patient is awake.
In fact, a small number of intraoperative awak-
enings at BIS<40 have been reported in the lit-
erature mentioned above. From these facts, we
conclude general anesthesia should not be per-
formed with complete reliance on sole BIS val-

ues.

OEEG and postoperative delirium (POD),
postoperative

(POCD)

Delirium is associated with more inadequate

cognitive dysfunction

functional recovery, more extended intensive
care stay, and increased use of health care re-
sources; it is also distressing to patients, fam-

6). Therefore, anes-

ily members, and clinicians
thesiologists should devote everything possible
to prevent postoperative delirium by avoiding a
deep sedative state during general anesthesia, as
deep anesthesia contributes to the POD.

A Cochrane systematic review published in
2016 discusses interventions to prevent delir-
ium in non-intensive care unit (ICU) patients.
In two studies, 2057 patients comparing BIS-
guided general anesthesia with using clinical as-
sessment without BIS, BIS-guided anesthesia
significantly reduced the incidence of POD.
In addition, a systematic review published in
2018 examined the association between EEG
monitoring and POD and POCD. According
to the results, five studies compared 2654 pa-
tients that underwent general anesthesia, with
and without EEG monitoring. General anesthe-
sia with EEG monitoring significantly reduced
the incidence of POD by about 38% vs. non-
EEG monitoring (OR=0.62; P<0.001; 95% CTI:

0.51-0.76). POCD could not be verified due to
the large variability among the patients'?). Sub-
sequently, a systematic review of 14 studies with
2138 patients, published in February 2020, re-
ported that anesthesia management with BIS re-
duced the incidence of delirium on postoperative
day one and had a protective effect on POCD
at 12 weeks postoperatively, compared with no

EEG monitoring®.

Not all large clinical studies report beneficial
effects of EEG monitoring for postoperative neu-
rological outcomes. The ENGAGES RCT' | of
1232 adults aged over 60 years undergoing gen-
eral anesthesia, reported that EEG-based anes-
thetic management did not reduce the incidence
of POD. A meta-analysis of nine studies of 4023
patients aged 60 years and older also concluded
that there was no clear evidence that BIS-guided
anesthesia reduced the incidence of POD or
postoperative neurocognitive deficits (NCD) in

elderly patients'®.

Thus, the preventive effect of anesthesia man-
agement under EEG monitoring on POD and
POCD is still inconclusive, although it is a good
possibility, and further studies may prove im-

proved patient outcomes.

0O EEG and sedation in the intensive care
unit (ICU)

Patients admitted to ICU and on ventilatory
support are often given sedatives to increase
comfort and ventilator adaptability. Optimizing
the degree of sedation may improve mortality,

patient comfort and reduce healthcare costs!®).

Currently, scales and scores for the assess-
ment of the depth of sedation have been em-
ployed, and many of them are based on clini-
cal criteria such as consciousness and response
to instructions, i.e., Ramsay scale, Sedation-

17)

Agitation Scale However, these are subjec-



tive assessment tools, and it was thought that
EEG monitoring as an objective sedation assess-
ment might improve the patient’s prognosis.

A Cochrane systematic review, published in
2018, describes the clinical effects of BIS mon-
itoring and sedation assessment in mechani-
cally ventilated adult patients. Four studies in-
volving 256 patients compared sedation man-
agement using BIS with sedation control using
Sedation-Agitation Scale (SAS), Ramsay Seda-
tion Scale (RSS), or traditional, subjective as-
sessment methods such as conventional clinical
signs (heart rate, blood pressure, level of con-
sciousness, pupil size). Given the limited num-
ber of studies, the authors concluded that BIS-
guided interventions were not significantly dif-
ferent from traditional ICU interventions regard-
ing the ICU stay, duration of ventilation, and

risk of adverse events!®).

The usefulness of EEG monitoring as an as-
sessment of sedation levels in the ICU is cur-

rently unknown.

OEEG and prognostic factors after cardiac

arrest

As more and more people survive cardiac ar-
rest, improvement of the neurological outcome
and quality of life of the cardiopulmonary resus-
citation (CPR) survivors is an important topic.
Brain damage after resuscitation, a common se-
quela after cardiac arrest, ranges in severity
from mild disability to catastrophic brain dam-
age. Therefore, it is essential to identify pa-
tients at higher risks for poor prognosis to help
health care providers and patients’ families de-
cide whether to continue or discontinue the on-
going treatment. In recent years, various ap-
proaches have been investigated to predict the
neurological prognosis of post-cardiac arrest pa-

tients, and one of the most convincing monitors

Exploring the Deep Sea of Anesthesia with Electroencephalogram

is the EEG.

American Clinical Neurophysiology Society
(ACNS) has proposed a standardized critical
care EEG terminology to facilitate multicenter

studies and maximize interrater reliability?).

A cohort study assessed whether the ACNS-
defined EEG terminology reliably predicts neu-
rological outcomes in patients who remain co-
This study
recorded EEGs in the Target Temperature Man-

matose after cardiac arrest20).

agement trial that randomized comatose pa-
tients after cardiac arrest to 33 O vs.36 O,
then EEG specialists prospectively examined.
EEGs were classified into highly malignant
(suppression, suppression with periodic dis-
charges, burst-suppression), malignant (periodic
or rhythmic patterns, pathological or nonreac-
tive background), and benign EEG (absence of
malignant features), and poor outcome was de-
fined by the best Cerebral Performance Cate-
gory (CPC CPC1-2: good and CPC3-5: poor
neurological outcome) score. Their measure-
ment was continued up to post CPR for 180
days. Specificity and sensitivity on poor out-
come were not significantly affected by target
temperature or sedatives, but there was a sig-
nificant prognostic difference according to the
EEG shown by the patients. Of the 103 pa-
tients whose EEGs were recorded, 37% had a
particularly high prevalence of malignant EEG,
and all of them had a poor prognosis (specificity
100%, sensitivity 50%). If two malignant EEG
features were present, the specificity for predict-
ing a poor prognosis was 96%, and a benign EEG
was found in 1% of the patients with a poor out-
come. They concluded that a highly malignant
EEG was not falsely predictive of a poor patient
prognosis and also suggested that a benign EEG

may predict a good prognosis.
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There are other reports that indicate EEG
may help predict the neurological prognosis of
patients after cardiac arrest®), but the dura-
tion of malignant EEG that leads to an actual
poor prognosis for the patient is yet to be de-
termined. In addition, the usage of and du-
ration of anticonvulsant administration for pa-
tients with epileptiform EEG is unknown. More
extensive studies are needed to adequately deter-
mine the relationship between post-resuscitation
EEG patterns and unfavorable neurological out-

comes.

Taken together, we wonder whether BIS moni-
toring actually predicts the neurological progno-
sis of patients after resuscitation. A retrospec-
tive study has tackled this important question to
examine whether BIS values can predict neuro-
logical outcomes after cardiac arrest??). Sixty-
three patients following out-of-hospital cardiac
arrest were monitored, and raw EEG from the
BIS monitor was extracted at 6, 12, 18, 24,
36, and 48 hours after the start of target tem-
perature management (TTM) of 33 0. Two
neurophysiologists reviewed the EEG to de-
tect the presence of slow diffuse rhythm, burst
suppression, cerebral inactivity, and epileptic
activity (defined as continuous, monomorphic,
>2Hz generalized sharp activity or continuous,
monomorphic, < 2 Hz generalized blunt activ-
ity). Neurological outcome was diagnosed using
CPC classification (CPC1-2: good and CPC3-5:
poor neurological outcome) at 180 days post-
cardiac arrest. The results showed that epilep-
tic activity within 6-12 hours predicted CPC3-5
with a positive predictive value (PPV) of 100%,
and in the 18-24 and 36-48 hour time frames,
it predicted CPC3-5 at 90% and 93% PPV, re-
spectively. In contrast, slow diffusive rhythms at
6-12, 18-24, and 36-48 hours predicted CPC1-2,

with PPVs of 74, 76, and 80%, respectively.
They concluded that the presence of epileptic
activity and brain inactivation at any point af-
ter the end of TTM based on the simplified BIS
EEG might help identify the poor prognosis of
patients who are otherwise successfully resusci-
tated from cardiac arrest.

Since the usefulness of EEG itself in predict-
ing neurological prognosis is still under debate,
assessing brain ischemia and postoperative neu-
rological prognosis using EEG monitoring alone
On the other hand,

given the advancement of recent technology, it

seems to be a long way.

may become a reality in the near future before

we know it.

Limitations

The evidence for EEG monitoring for vari-
ous clinical topics at this time has not yet been
firmly established. However, most of the stud-
ies choosing EEG for the assessment of sedation
use BIS values as the index. In other words, se-
dation evaluation under EEG monitoring = se-
dation evaluation only by BIS value, which is
in a black box without disclosure of the BIS
index calculation algorithm. The problems for
the indexed-EEG (i.e., BIS, etc.) guided general
anesthesia management, in general, are consid-
ered to be the following!).

(i) The electroencephalogram-based indices do
not guarantee the prevention of awareness un-
der general anesthesia.

(ii) Indexed-EEG values have been developed
based on adult patients and are most likely un-
reliable for pediatric patients.

(iii) Because indexed values do not directly cor-
relate with the neurophysiology of how a partic-
ular anesthetic works in the brain, it does not

provide an accurate description of the brain’s



response to each drug.
(iv) Identical BIS values are assumed to repre-
sent the same levels of unconsciousness.

Thus, we believe raw EEG-guided anesthesia,
either by eyeballing on the raw EEG or DSA,
rather than relying solely on the indexed EEG
values, accurately reflects the depth of anesthe-
This ap-

plies particularly among the patients at the up-

sia to ensure a higher safety level.

per/lower end of the standard deviation. Some
challenges lie in the integration of the fre-
quency and amplitude of EEG in real-time in
the operating room. For example, ketamine
and nitrous oxide increase EEG frequencies, and
dexmedetomidine produces profound slow elec-
troencephalogram oscillations. Furthermore, ar-
tifacts, i.e., "noise” from electrical equipment,
external pacemakers, electrocardiogram, etc.,
interfere with the real-time EEG interpretation.
Thus, we believe it essential to be aware of
the potentials for misjudgments in assessing the
depth of sedation or anesthesia to train anesthe-
siologists to understand the effects of individual
effects of drugs on the EEG.

Artifact of EEG

Although the EEG monitoring devices have
a mechanism to automatically remove artifacts
such as noise in electrocardiogram (ECG), etc.,
the BIS value may become higher than the ac-
tual depth of anesthesia. Excess depth of anes-
thesia can have an even more profound impact
on patient care when the anesthesiologist is not
aware of the artifacts that lead to potentially
fatal consequences. Conversely, indexed values
can be excessively low on occasions when they
are not appropriate for the situation. Know-
ing some examples of such errors may help make

judgments in clinical practice.

Exploring the Deep Sea of Anesthesia with Electroencephalogram

The basic idea is that if there is a discrepancy
between BIS value and raw EEG, or between
BIS value and the patient’s condition assumed
by the anesthesiologist, the following four fac-
tors must be examined, and this is described in
detail by Cambell®®; i.e., (i) EEG monitoring
device, (ii) artifacts from outside the head, (iii)
artifacts from the head outside the brain, (iv)

artifacts within the brain.

(i) EEG monitoring device: the impedance be-
tween the electrode and the skin should be
checked and kept within the acceptable range.
Before placement of the sensor, the skin on the
forehead should be cleaned with alcohol with
gauze, and then the sensor lead should be gently

pressed with for couple of seconds??).

(ii) Artifacts from outside the head: artifacts
outside the head, i.e., electrical interferences
from electrical scalpels, pacemakers, ECGs, and
patient motion from surgery (such as hammer-
ing and drilling in orthopedic surgery), should
be reduced to the greatest degree as possible. In
a study examining the effect of electrocautery
on BIS during general anesthesia, signal qual-
ity index decreased significantly during the use
of electrocautery (mean difference: 16.9; 95%
confidence intervals: 15.9-17.9; P<0.001). They
also reported that deepening anesthesia (propo-
fol infusion from 3 to 6ug/mL) during the use of
electrocautery did not change the BIS value, but
a decrease in the BIS value was observed after

cessation of electrocautery?®).

(iii) Artifacts from the skull and muscles: elec-
tromyography (EMG) of the frontalis, masseter
and external eye muscles is one of the most com-
mon factors affecting BIS values. EMG occurs
between 10-300 Hz, which is similar to the fre-
quency of EEG during wakefulness, resulting in
a higher BIS value being displayed?®. If the
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depth of anesthesia is considered sufficient based
on other clinical information, a more accurate
assessment of the BIS value can be made by ad-
ministering a muscle relaxant and removing the
EMG. However, administration of both depolar-
izing and non-depolarizing muscle relaxants it-
self may decrease the BIS value?9).

(iv) Artifacts within the brain: this group in-
cludes a variety of patient factors and drug ef-
fects, making it difficult to identify the cause
of artifacts or determine whether they are true
artifacts. Therefore, it is even more important
that anesthesiologists make themselves aware
of the possible etiologies of artifacts. For ex-
ample, a decrease in blood glucose levels in-
creases delta and theta waves?”), which may lead
to a reduction in BIS values. There is a re-
port of BIS values decreasing due to hypother-

8). In pa-

mia during cardiopulmonary bypass?
tients with cognitive dysfunction, it has been
reported that alpha/beta waves are attenuated
Re-
garding the effect of drugs on the EEG, ke-

tamine increases the beta wave and decreases
30)

while delta/theta waves are enhanced?®.

the delta wave”), resulting in an increase in
the BIS value, contrary to the basic response of
other sedatives. It is also known that sevoflurane
causes epileptiform EEG waveforms, which may
increase the BIS value®"). As another example,
BIS values may be low after electroconvulsive
therapy due to the appearance of slow waves,
even when the patient is conscious®?. As these
are just a few examples, anesthesiologists need
to recognize a wide variety of issues that could

alter the EEG.

Conclusion

In this article, we have summarized the utility

of EEG monitoring during anesthesia and seda-

tion. We propose raw EEG-guided anesthesia as
a standard practice, rather than using processed
and indexed EEG information, to integrate real-

time depth of general anesthesia. Utilization

of density spectral array may be the next step
forward to elucidate the mechanisms by which
pathway anesthetics exert their effects, increase
patient safety eventually, and save many lives in

the future.
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ABSTRACT

Can Artificial Intelligence distinguish the vital
sign charts during anesthetic management?

Yoshinori Iwase

[Background]

The recent progress of Al is quite remark-
able. Especially, CNN (Convolutional Neural
Network) was reported good evidences in dis-
tinguishing pictorial supervised learning.

[Objectives]
We examined whether CNN could distinguish
vital sign charts during anesthetic management

from the automated anesthesia recording system
in a supervised learning environment

[Materials and Methods]

Under IRB approval, bitmap vital sign charts
(3000x2000pixel) within anesthesia time under
210 minutes was downloaded from Paperchart
Automated anesthesia recording system. CNN
used the example of Sony Neural Network Con-
sole 160 (registered software provided by Sony, a
standalone version for Windows is available free
of charge) as default as possible. The main pa-
rameters are 28 x 28 processing pixels (color),
100 repetitions, training data: 80 O, validation
data 20 O . As for the execution result, 1.Train-
ing is shown in a graph, and high reliability
can be expected if the three parameters of cost,
training error, and validation error become a hy-
perbola that converges downward to the right,
and 2.validation (verification). ) Boolean table
is the result.

[Results]

As an example showing good results in the
comparison between children (527 cases under 6
years old) and adults (7729 cases over 15 years
old), the convergence of the graph, accuracy =
0.995, and average precision = 0.975 were ob-
tained (Fig.5). However, most datasets have
not converged (Fig.6) or have been overtrained
(Fig.7).

[Discussion and conclusion]

The procedure for getting CNN to validate the
data was not easy, but it could be automated
in many parts as a constant procedure. As a
result, surprising and confusing calculation re-
sults are also obtained. The problem is that 1.
The method of setting parameters that adapt
CNN to this task and perform appropriate cal-
culations and 2. The procedure for evaluating
"how correct is the obtained CNN result?” are
not widely established. I feel that it is. For ex-
ample, when the number of processed pixels was
increased for 1, the convergence of the learning
graph was lost in the previous example. Regard-
ing 2, it seems to be involved in ” Al has a large
social impact as a result of the black box.”

Department of Anesthesiology,
Saitama Medical University Hospital,
Moroyama, Saitama 3500495, Japan
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ABSTRACT

Nociceptive Stimuli and
Peripheral Arterial Stiffness

Saeki Noboru!, Nakamura Ryuji!,
Kamiya Satoshi®, Yoshizumi Masao?,
Okada Yoshiyuki®, Tsuji Toshio?,

Kawamoto Masashi®, Tsutsumi Yasuo!

Nociceptive stimuli provoke peripheral vascu-
lar constriction. In 2000, the authors devel-
oped a beat-to-beat peripheral arterial viscoelas-
tic monitoring system, which indicates real-time
vascular wall mechanical properties (stiffness,
viscosity, inertia) from arterial pressure wave-
forms and plethysmograph. Here, we present
findings obtained over twenty years in studies
of peripheral vascular viscoelastic properties re-
lated to nociceptive stimuli.

Subjects included volunteers and patients.
Nociceptive stimuli from mechanical/electrical
stimulation or laryngoscopy /intubation/surgery
were examined. KECG, arterial pressure, and
plethysmograph results were obtained and used
to analyze vascular stiffness/viscosity. EEG and
laser doppler flowmetry were monitored as re-
quired. Pain recognition was assessed using a vi-
sual analog scale (VAS), while pain-related brain



activity assessment was done with fMRI imag-
ing. The intervention included remifentanil at
various concentrations and a thoracic sympa-
thectomy procedure.

Viscoelasticity of the peripheral artery was
shown to be correlated with nociceptive stimuli,
VAS, and brain activity in fMRI. Vascular stiff-
ness increased with an increase in nociceptive
stimuli intensity, while it decreased with greater
concentrations of remifentanil or thoracic sym-
pathectomy. In addition, aging and cardiovascu-
lar disease were associated with increased stiff-
ness of the peripheral artery, and its decreased
viscosity.

Based on our findings, nociceptive stimuli pro-
voke change in vascular viscoelasticity accompa-
nied by pain recognition in the brain. It is con-
sidered that vascular viscoelasticity may be use-

goboooooooooooboooooooo

ful for monitoring of nociception during general
anesthesia. As cardiovascular disease also af-
fects vascular viscoelasticity, change in vascular
elasticity rather than an absolute value should
be used for assessing nociceptive stimuli. Ad-
ditional investigations with direct monitoring of
sympathetic activity are anticipated to provide
further elucidation of these issues.

1. Department of Anesthesiology and Critical
Care, Hiroshima University

2. Department of Cardiovascular Physiology and
Medicine, Hiroshima University

8. Department of Special Care Dentistry,
Hiroshima University

4. Graduate School of Advanced Science and
Engineering, Hiroshima University

5. Medical Corporation JR Hiroshima Hospital
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ABSTRACT

The merits and demerits of discussing

emergency cases at night and on holidays with
the anesthesiology contact network using the

LINE group function
Ayumu Matsumoto, Michiyoshi Sanuki,

Seiji Shiraishi, Shigeaki Kurita, Masaya Ueki,

Masako Yasuda, Yoshie Kuwahara,
Yoko Shimamoto, Tomoaki Katagiri

This paper discusses the merits and demer-
its of discussing emergency cases at night and
on holidays in a group on LINE. The content of
hospital communications may include personal
information, which must be handled with the
utmost care. The advantages and disadvantages
of SNS should be understood before using LINE.

LINE, SNS, Case consultation,

Department of Anesthesia, National Hospital
Organization Kure Medical Center 3-1 Aoyama-
cho, Kure Clity, Hiroshima, 737-0023, Japan
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