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Abstract : Psychosedation, as used in the field of dentistry, is intended to provide trouble-free
dental care while maintaining a proper level of sedation. One drug used in psychosedation is
midazolam, which is known to have a strong amnestic effect. In the current research, I sought to
clarify whether the bispectral index (BIS) using EEG analysis can be used for assessment of optimal
sedation in psychosedation, and what effects midazolam has on the cerebrum’s mechanism of
memory.

The subjects were 17 healthy adult volunteers. Intravenous sedation involved a single
administration of 0.06 mg/kg midazolam, or 6 mg/kg/h propofol, administered for 5 minutes and
then continuously administered for 25 minutes at 3 mg/kg/h. For nitrous oxide inhalation
sedation, 10-30% nitrous oxide was used. Clinical sedation and the BIS were measured in a variety
of circumstances. To examine the effects of midazolam on the central nervous system, changes in
brain oxygen consumption in visual memory tasks were assessed through observing changes in
areas of brain activation using 3 T fMRIL

With intravenous sedation using midazolam or propofol, the BIS decreased immediately after
drug administration, and the BIS at which optimal sedation was clinically determined was about 65.
In contrast, no decrease in the BIS was noted with nitrous oxide inhalation sedation. In observing
areas of brain activation by fMRI, the oxygen consumption mainly of visual cortices in the
occipital lobe increased as a result of stimulation by visual memory tasks. Regardless of the
amnestic effect midazolam produced in subjects, it did not suppress activation of the visual cortices
in the occipital lobe.

In intravenous sedation using midazolam or propofol, the BIS is effective in determining optimal
sedation, and appropriate perioperative management can be performed using the BIS. However, in
nitrous oxide inhalation sedation it appears that the BIS cannot be used to monitor levels of
sedation. Amnestic action by midazolam is assumed to occur not through inhibition of pathways
from visual cells to visual cortices, but through inhibition of the higher central nervous system.

key word : BIS, functional-MRI, intravenous/inhalation sedation, memory, regional cerebral
blood flow

Changes to the bispectral index and regional cerebral blood flow in a sedative state, caused by
midazolam administration
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a:MD MD 0.06mg/kg iv Fl 0.2mg iv Fin.
Time
(i) 15 45 7? (min)
(32 3¢/min -
. emg/kg/h DIV .
b:PPF e/ 3mg/keg/h DIV Fin.
0 15 20 45 75| Time
(min)
0, 3¢/min !
. N,O sto Fin.
c:N,0 11201 20| 25 30% | P !
0 10 15 20 25 45 60| Time(min)
oo |

&, 10e/min

Fig. 1. Method of sedation

N,O0+0, 10¢/min

sz 10!2/min>

MD : midazolam, F1: flumazenil, PPF : propofol, N:O : nitrous oxide

a : The group of midazolam administration

b : The group of propofol infusion
¢ : The group of nitrous oxide inhalation

Table 1. OAA/S Scale
The optimum sedation level is score 2, 3 or 4.

Responsiveness Score

Responds readily to name spoken

in normal tone 5
Responds lethargically to name spoken 4
in normal tone

Responds only after name 3
is called loudly and/or repeatedly
Responds only after mild prodding 9

or shaking

Dose not respond to mild prodding
or shaking

FRASEER L DEEIREISEFREL 13, Observer’s
Assessment of Alertness/Sedation Scale
(OAA/S Scale) (Table 1) ZHWTEHMAL,
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Table 2. Classification of Artusio

The optimum sedation level is first or second aspect.

first aspect
(awake analgesia)

second aspect

(awake analgesia with third aspect

(sleep analgesia)

amnesia)
nitrous oxide - 10~30% - 30~40% - 40~50%
concentration
Resp./HR/BP * normal~rapid + normal + normal
* normal « closed
* normal + blinks decrease » mild ptosis
eye symptoms
+ looks into the T
di « eyeball inclines
1stance
swallowing reflex » normal » normal * normal
+ tendency to lose
- clear + clear .
consciousness
consciousness .
- relaxed - relaxed + ignore command
- feeling of happiness
amnesia - slight to none « fair - moderate
- relaxed « warm + dreamed
* hands and legs were « feeling of . .
symptom numb intoxication feeling that drops
- second aspect - fear

Fig. 2. Example of test of task 1
Fifteen pictures were administered before
and during sedation.

Tmm, A5 A A 3mE L, Lhrd ARk
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Fig. 3. Example of test of task 2
Twelve words were administered before
and during sedation.
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EU12ADBEIC L 2 EEMEROKL, &
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MD Fl
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Fig. 4. Method of sedation and task of fMRI

We tested task 1 or 2 before sedation, 5 min and 10min after midazolam administration.
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midazolam

180 r 0.06meg/ke iv 0.2mg iv

flumazenil

—*— 5p0,(%)
—®— Pulse Rate(beat/min)

—&— EtCO,(mmHg)
—>— Respiratory Rate(beat/min)
—¥— TcPCO,(mmHg)

Value

—— BP maximum (mmHg)
—+— BP minimum (mmHg)
=®— BIS index

* P<0.05
versus control value

Control 0 5 10 15 20 25 30

Time
Fig. 5. Values of the midazolam administration group

40 45 50 55 60 (min)

0 min : midazolam administration, 30min : flumazenil administration

Each value is the mean &= S. D.

The BIS value decreased from 94 before midazolam administration to 64 at 25min after
midazolam administration. The other parameters displayed no significant differences from the

control values.

100)

801

60

BIS

40
scorel -

score2 —

scored 81.8+8.7

scorel score2  scored  scored scoreb
OAA/S scale

Fig. 6. Comparison of BIS wvalue and OAA/S
scale in a group of midazolam
administration
A correlation between the BIS value and
OAA/S scale was observed (rs=0.795; p
<0.01)

The BIS value of each score is the mean
+ S. D.
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» -1z (Fig. 6),
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propofol
6mg/kg/h 3mg/kg/h
180 " AD[V _ DIV N
160
o T |-
120 L T T }’*J\ ]‘ T 4L ‘[
———— .
~__ —— 500,
—a— Pulse Rate(beat/min)
100 —a— EtCO,(mmHg)
—3¢— Respiratory Rate(beat/min)
—¥—TcPCO,(mmHg)
g 80 —&— BP maximum{mmHg)
— —+—BP minmum(mmHg)
g T —®=—BIS index
60
;g._ —— N *P<0.05
o0 ——" % I—fF % versus control value
20
0
Control 0 5 10 15 20 25 30 35 40 45 50 55 60 (min)
Time
Fig. 7. Value of the propofol infusion.
0 min : propofol infusion at a dose of 6 mg/kg/h, 5min : propofol infusion at a dose of 3mg/
kg/h, 30min : propofol infusion finished
Each value is the mean £ S. D.
The BIS value decreased from 92 before propofol infusion to 60 at 30min after propofol infution.
The other parameters displayed no significant differences from the control values.
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OAA/S scale )
Fig. 8. Comparison of BIS value and OAA/S Speaman A FHEAREIZ rs=0.24 & WE ]I

scale in a group of propofol infusion
A correlation between the BIS value and
OAA/S scale was observed (rs=0.827; p

FEBEIL 75> - 72 (Fig. 10),
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160
140 ;
120
100 & 5p0,(3%)
- Duise Rate(beat/min)
&= EtCO,(mmHg)
g 80 ¥ TePCO{mmHg)
— —8— BP maximum{mmHg)
C>6 I I T I I =+ BP minmum{mmHg)
8 U A == BIS index
: i T T I 1 - T
o0 g * *
20
0 S
Control 0 5 10 15 20 25 30 35 40 45 50 {min)

Time
Fig. 9. Value of the nitrous oxide inhalation
0 ~ 5 min : 10% nitrous oxide inhalation, 5 ~10min : 20% nitrous oxide inhalation, 10~15min : 25%
nitrous oxide inhalation, 15~35min : 30% nitrous oxide inhalation, 35min: nitrous oxide inhalation
finished
Each value is the mean + S. D.

100}

oo

80'

60

BIS

40
Fig. 11. fMRI image of Task 1

20 T 1 vaszss 1 :before sedation, 2 :5min after
: wesze midazolam administration, 3 :10min after
midazolam administration
A : As for 1 and 3, the occipital lobe was
activated.

1 2 3

classification of Artusio

Fig. 10. Comparison of BIS value and
classification of Artusio in a group of
nitrous oxide inhalation
A correlation between the BIS value and
classification of Artusio was not
observed.
The BIS value of each aspect is the mean
+ S.D.

Fig. 12. fMRI image of Task 2
1 :before sedation, 2 :5min after
midazolam administration, 3 :10min after
midazolam administration
A : As for 1 and 3, the occipital lobe was
activated.
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