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Abstract

Objective: The bispectral index (BIS) has been used to monitor sedation during spinal anesthe-

sia. We evaluated the correlation between BIS and the Observer’s Assessment of Alertness/

Sedation Scale (OAA/S) in patients sedated with dexmedetomidine, propofol, or midazolam.

Methods: This prospective, randomized study included 46 patients scheduled for knee arthro-

plasty under spinal anesthesia with sedation. The patients were randomized to receive sedation

with dexmedetomidine (n¼ 15), propofol (n¼ 15), or midazolam (n¼ 16). Correlation between

BIS and OAA/S was assessed during sedation in the three groups.

Results: A linear correlation was observed between BIS and OAA/S, and there was no

significant difference in BIS score between the groups during mild to moderate sedation status

(OAA/S 3–5). During deep sedation (OAA/S 1–2), the BIS score in the midazolam group was

significantly higher than that in the propofol and dexmedetomidine groups (74.4� 11.9 vs 67.7�
9.5 vs 62.6� 12.2).

Conclusions: BIS values differed at the same level of sedation between different sedative agents.

Objective sedation scores should therefore be used in combination with BIS values for the

assessment of sedation levels during spinal anesthesia.
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Introduction

Intraoperative sedation is an important

component of regional and local anesthetic
techniques. Sedation allows the smooth

conduct of surgery and improves patient

satisfaction by allaying fear and anxiety
during procedures under regional and

local anesthesia.
Inadequate intraoperative sedation may

cause patient movement that can interfere

with the surgical procedure. Furthermore, it
may cause physical and mental stress, dis-

comfort, and anxiety among patients.

Therefore, continuous monitoring of the
level of sedation during spinal anesthesia

is essential to eliminate anxiety and to
ensure smooth performance of the surgical

procedure. Conventional methods to deter-

mine the adequacy of sedation rely on sub-
jective assessment using the Observer’s

Assessment of Alertness/Sedation Scale
(OAA/S).1 Assessment is carried out inter-

mittently depending on the patient’s

response to either verbal or physical stimuli.
However, the use of such stimuli for assess-

ment can cause patient discomfort and
interfere with the surgical procedure.2

The bispectral index (BIS) is a continu-

ous noninvasive electroencephalographic
(EEG) monitor that has been developed to

monitor the hypnotic state during sedation

and anesthesia.3–6 Specifically, BIS has been
used as a measure of hypnosis during gen-

eral anesthesia. Several previous reports
have attempted to correlate or predict

levels of sedation in patients or volunteers

receiving volatile agents, propofol,5 mida-
zolam,7 opioids,8 or nitrous oxide.9

BIS monitoring has been used to guide
sedation during spinal anesthesia as an

objective method of monitoring6,10,11 and
is considered a useful monitoring system
to maintain an adequate level of sedation.
However, the results from previous studies
have been conflicting regarding the correla-
tion between BIS and sedation levels.12–15

Furthermore, BIS has not been evaluated
in the comparison of different sedative
agents.10

The aim of this study was to investigate
the correlation between BIS values and
OAA/S scores during sedation with dexme-
detomidine, propofol, and midazolam and
to compare the efficacy of BIS to predict the
depth of sedation obtained using these
drugs.

Methods

This prospective, randomized, patient-
blinded study was carried out from 5 July
2016 to 28 February 2018 after obtaining
approval from the institutional review
board of University Sacred Heart Hospital
(5 July 2016, reference numbers:
IORG0004993, IRB00005 the Hallym 964).
The study was registered at ClinicalTrials.
gov (NCT03399019). Written informed con-
sent was obtained from participating
patients or their legal guardians.

Patients with American Society of
Anesthesiology physical status I or II who
were scheduled for knee arthroscopic sur-
gery under spinal anesthesia with intrave-
nous sedation were eligible to participate.
Continuous BIS monitoring was carried
out in all patients. Patients received seda-
tion with dexmedetomidine (n¼ 15), propo-
fol (n¼ 15), or midazolam (n¼ 16)
according to a computer-generated ran-
domization sequence. We excluded patients
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with a history of adverse reaction to dexme-
detomidine, propofol, or midazolam; con-
traindications to sedative use, including
cardiac dysfunction; history of severe
hepatic or renal disease; decreased circulat-
ing blood volume; hemodynamic instabili-
ty; difficulty in communication; or at risk of
aspiration. We also excluded patients who
experienced inadequate spinal anesthesia as
well as those converted to general anesthe-
sia due to uncontrollable anxiety. No pre-
medication was administered prior to
anesthesia.

Routine physiological monitoring
included noninvasive arterial blood pres-
sure measurement, heart rate measurement,
arterial oxyhemoglobin saturation (SaO2)
measurement, capnography, and electrocar-
diography. BIS electrodes (A-3000 EEG
BIS monitor, Aspect Medical systems,
Norwood, MA, USA) were placed on the
forehead of each patient after cleansing of
the skin with an alcohol-impregnated skin
wipe to reduce electrode impedance.
Patients were also connected to a
CARESCAPE Monitor B650 for measure-
ment of the Surgical Pleth Index (SPI,
General Electric, Helsinki, Finland).

BIS measurement commenced prior to
the administration of sedatives. Following
a baseline hemodynamic assessment, base-
line BIS values were obtained without dis-
turbance over 10 minutes. A warming
blanket was used to prevent electromyo-
graphic artifacts attributable to shivering.

Spinal anesthesia was performed without
sedation in the lateral decubitus position at
the L3–4 or L4–5 interspace using a
25-gauge Quincke needle (Hakko,
Nagano, Japan) and 0.5% hyperbaric bupi-
vacaine (Reyon, Seoul, Korea) at a dose of
9 to 13mg depending on patient height.
Patients were placed in the supine position
immediately after spinal anesthesia. After a
10-minute interval, the level of sensory
block was determined by the application
of a cold stimulus using an alcohol swab.

Motor block was assessed using the
Bromage scale. Surgery commenced when
the onset of sensory block at T12 was
observed, with sedation according to the
randomization group.

A face mask was applied prior to admin-
istration of study drug and was fixed to the
head using a rubber strap. OAA/S, BIS
scores, and baseline hemodynamic parame-
ters were recorded prior to commencing
sedation. BIS values were recorded before
OAA/S evaluation to minimize the effect of
verbal or physical stimuli used during
OAA/S assessment. Sedation was titrated
to an OAA/S score of 3.

In the dexmedetomidine group, a load-
ing dose of dexmedetomidine 1mg/kg was
administered intravenously over 10 minutes
followed by a maintenance infusion of 0.2
to 0.7 mg/kg/h. In the propofol group, intra-
venous infusion was commenced at 50 to
75 mg/kg/minute for 10 minutes, followed
by titration of the infusion between 0.75
and 3mg/kg/minute for 10 minutes. In the
midazolam group, following an initial bolus
of 0.05mg/kg, repeat boluses of 0.01mg/kg
were administered to achieve the desired
level of sedation. The maximum dose of
midazolam was limited to 2.5mg during a
5-minute interval in patients aged 60 years
or older.

Intraoperative use of fentanyl was
allowed if the patient felt pain at the surgi-
cal site. In cases of anxiety, agitation, or
excessive patient movement, propofol
administration was permitted in all
groups. The level of sedation was evaluated
using OAA/S score and BIS values at 5, 15,
30, 45, 60, and 90 minutes after commence-
ment of sedation and at the end of surgery.
The primary outcome of the study was the
correlation between OAA/S and BIS scores
for each study group. Secondary outcomes
included the discriminating performance of
BIS for OAA/S, and clinically adverse
events related to study medication use.
Adverse effects were recorded by an
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independent observer. Patients were dis-
charged from the post-anesthesia care unit
(PACU) when the post-anesthetic Aldrete
recovery score was �9. The duration of
PACU stay was also recorded.

Statistical analysis

Categorical variables are summarized as
frequencies with percentages, whereas con-
tinuous variables are summarized as the
median and interquartile range or mean
and standard deviation as appropriate.
The Shapiro–Wilk test was used to assess
the normal distribution of continuous vari-
ables. Categorical variables were compared
using the chi-square test, whereas continu-
ous variables were compared using analysis
of variance with post-hoc analysis with
Tukey’s method or a Wilcoxon rank-sum
test, as appropriate. Receiver-operating
characteristics (ROC) analysis was used to
assess the discriminating performance of
each variable. Pairwise comparisons
between ROC curves were made using the
method of Delong.16 We estimated the
effect size based on the correlation coeffi-
cient between BIS and OAA/S.
Assumption of the correlation between
BIS and OAA/S was estimated to be 0.7,
as reported previously.17 We also sought
to detect the effect size of correlation with
5% a-error and 80% statistical power.
Thus, we calculated that 15 patients were
needed for each group, with an estimated
dropout rate of 10%. All statistical analyses
were performed using SPSS version 24.0
(IBM Corp. Armonk, NY). All P-values
were two-sided, and P-values <0.05 were
considered statistically significant.

Results

Fifty patients were enrolled according to
the inclusion criteria. Four patients were
subsequently excluded because of conver-
sion to general anesthesia due to agitation

and inappropriate spinal anesthesia. Forty-
six patients were therefore enrolled and
randomized to the midazolam (n¼ 16), pro-
pofol (n¼ 15), or dexmedetomidine (n¼ 15)
group (Figure 1). The baseline characteris-
tics of patients are summarized in Table 1.
There was a trend toward older age in the
midazolam group and more female patients
in the propofol group. However, the differ-
ences were not statistically significant. The
duration of surgery and anesthesia was not
significantly different between groups.
However, the duration of stay in the
PACU was longer in the dexmedetomidine
group (p¼ 0.021). Rescue propofol was
more frequently used in the propofol
group. One patient in the midazolam group
and four patients in the propofol group
required supplemental doses of propofol.
No patient required supplemental fentanyl
intraoperatively. The changes in vital
parameters according to the depth of anes-
thesia are summarized in Table 2. During
anesthesia, the mean arterial pressure
was significantly higher (p< 0.05) and
heart rates tended to be lower in the dexme-
detomidine group. Oxygen saturation was
not significantly different between the
groups at any depth of anesthesia. The
cumulative doses of dexmedetomidine, mid-
azolam, and propofol were 113.51 mg (inter-
quartile range [IQR] 65.0–327.4), 3.0mg
(2.0–3.7), and 268.8mg (120.9–390.9),
respectively.

The main study outcome, correlation
between BIS values and OAA/S scores, is
plotted in Figure 2. In general, linear corre-
lation was observed between BIS values and
OAA/S scores (r¼0.748, p<0.001). There
was no significant difference in BIS values
between the groups at mild to moderate
sedation levels (OAA/S 3–5). However,
during deep sedation (OAA/S 1–2), BIS
values in the midazolam group were signif-
icantly higher than those in the propofol
and dexmedetomidine groups (p¼ 0.017).
In the midazolam group, the mean BIS
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values at OAA/S 3 and OAA/S 1 or 2 were
not significantly different (77.9� 6.5 vs.
74.4� 11.9, p¼ 0.302). Although not sta-
tistically significant, BIS values in the dex-
medetomidine group at OAA/S 3 (69.3
� 18.5) were lower than those in the pro-
pofol (77.9� 7.5) and midazolam (75.8
� 8.1) groups.

The discriminating performance of BIS
values for deep sedation status (OAA/S 1
or 2) is summarized in Figure 3 and
Table 3. In general, BIS values showed
excellent performance for discriminating
deep sedation, with an AUC value of 0.87

(95% CI 0.82–0.92). For individual drugs,

the discriminating performance of BIS was

excellent for propofol (AUC 0.95, 95% CI

0.88–0.98) and dexmedetomidine (AUC

0.87, 95% CI 0.82–0.92), but was signifi-

cantly lower for midazolam (AUC 0.79,

95% CI 0.65–0.94). The optimal cut-off

values for deep sedation with midazolam,

propofol, and dexmedetomidine were 75

(sensitivity [SN] 89%, specificity [SP]

63.6%), 79 (SN 82.2%, SP 93.3%), and 83

(SN 72.4%, SP 100%), respectively.

Bradycardia (heart rate <60/minute) was

observed more frequently in the

Table 1. Patient characteristics.

Midazolam Propofol Dexmedetomidine P-value

Age (years� SD) 51.2� 10.8 42.9� 18.1 44.1� 12.1 0.251

Sex (male) 6 (40) 12 (80) 8 (50) 0.070

ASA physical status, number (%) 0.125

1 6 (40) 4 (27) 10 (62.5)

2 9 (60) 11 (73.3) 6 (37.5)

Duration of surgery (minutes� SD) 62.5� 45.9 77.1� 44.9 64.6� 28.5 0.605

Duration of anesthesia (minutes� SD) 89.1� 31.5 95.0� 29.9 88.5� 28.5 0.832

PACU time (minutes� SD) 22.1� 7.5 19.6� 7.2 37.3� 27.1 0.021

Rescue propofol, number (%) 1 (6.7) 4 (26.7) 0 (0) 0.048

Bradycardia, number (%) 3 (20) 2 (13.3) 8 (50) 0.053

ASA: American Society of Anesthesiology; PACU: post-anesthesia care unit.

Figure 1. Study flow diagram.
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dexmedetomidine group and was treated

with 0.5mg of intravenous atropine for

<50 minute. One episode of hypotension

was reported in the propofol group and

was responsive to 10mg of intravenous

ephedrine. No other side effects were noted.

Discussion

Our results demonstrated that BIS values
were insufficiently sensitive to accurately

Table 2. Intra-operative parameters during anesthesia.

Midazolam Propofol Dexmedetomidine P-value

Mean arterial pressure

OAA/S 5 96.8� 14.0 93.8� 15.5 100.5� 13.6 0.04

OAA/S 4 86.9� 7.6 82.9� 9.4 98.0� 15.8 <0.001

OAA/S 3 87.1� 12.3 79.4� 9.5 103.8� 16.7 <0.001

OAA/S 1–2 86.4� 11.9 81.7� 14.1 98.1� 15.2 0.002

Heart rate

OAA/S 5 66.6� 11.3 65.8� 14.7 64.8� 11.7 0.758

OAA/S 4 61.4� 13.1 56.5� 11.2 53.9� 6.0 0.06

OAA/S 3 63.1� 13.8 59.2� 11.2 54.7� 7.6 0.093

OAA/S 1–2 61.8� 12.2 59.3� 12.6 54.7� 5.7 0.081

Oxygen saturation

OAA/S 5 98.7� 1.9 99.0� 1.4 98.6� 1.7 0.351

OAA/S 4 99.4� 0.7 99.3� 1.1 99.4� 0.8 0.823

OAA/S 3 99.3� 0.7 98.9� 1.0 99.3� 1.1 0.442

OAA/S 1–2 99.4� 0.7 99.0� 0.9 99.2� 0.8 0.457

BIS

OAA/S 5 92.6� 6.4 93.1� 5.9 92.4� 63. 0.754

OAA/S 4 80.6� 6.9 80.7� 5.9 81.5� 12.3 0.936

OAA/S 3 77.9� 7.5 75.8� 8.1 69.3� 18.5 0.087

OAA/S 1–2 74.4� 11.9 67.7� 9.5 62.6� 12.2 0.017

OAA/S: Observer’s Assessment of Alertness/Sedation Scale; BIS: bispectral index.

Figure 2. Bispectral index values versus depth of
sedation by OAA/S score. OAA/S: Observer’s
Assessment of Alertness/Sedation Scale.

Figure 3. Analysis of receiver-operating charac-
teristics for deep sedation (bispectral index value
�2) for each drug.
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reflect the depth of sedation in the midazo-
lam group. The present study investigated
whether BIS, which has previously been
demonstrated as a reliable measure of hyp-
nosis during general anesthesia,18 might
inappropriately reflect the degree of seda-
tion during spinal anesthesia with sedation.
The BIS value for loss of responsiveness to
verbal stimulation (OAA/S score <2) is 64
to 65, which is considered to reflect superfi-
cial anesthesia or a light hypnotic state.4,19

BIS is widely used for continuous moni-
toring of sedation20,21 and is a well-
established method for assessing the level
of sedation in current anesthetic practice.
Jo et al.21 defined a BIS value of <85 as a
reference for moderate sedation. However,
BIS monitoring has not yet been shown to
represent a precise monitoring modality for
the assessment of level of sedation, in con-
trast to its established accuracy in the mon-
itoring of the depth of anesthesia.22

However, its usefulness in monitoring seda-
tion levels remains controversial. Previous
reports have attempted to correlate BIS
values to clinical assessment to predict the
depth of sedation-anesthesia.10,23–25 Pollock
et al. used BIS values and OAA/S scores
during spinal anesthesia without sedation.
In the present study, OAA/S was found to
be a more sensitive tool for the assessment
of sedation during spinal anesthesia com-
pared with BIS.26

In the present study, BIS values varied
depending on the specific sedative agent
and the depth of sedation. It has recently
been reported that BIS values are

dependent on the variable EEG spectrums
observed with specific sedative agents.12

Rampil et al.27 reported that BIS monitor-
ing was insufficiently sensitive to assess the
level of sedation during nitrous oxide
administration. The reliability and applica-
bility of BIS monitoring used to guide pro-
pofol sedation has previously been
reported.8 Furthermore, BIS values have
been shown to correlate with the level of
sedation induced by propofol and to accu-
rately predict loss of consciousness.4,28

Kasuya et al.13 reported that calibration
for BIS varied between dexmedetomidine
and propofol in healthy volunteers, and
that BIS values for sedation were lower
with dexmedetomidine compared with pro-
pofol. In the present study, BIS values in
the dexmedetomidine group with OAA/S 3
were lower compared with those in the pro-
pofol group, although the difference was
not statistically significant.

Dexmedetomidine induces conscious and
light sedation through mechanism that dif-
fers from that of other sedatives,29,30 and
was associated with lower BIS values at
the same OAA/S score in previous
reports.4,31 During dexmedetomidine seda-
tion, 85% of BIS values are 40 to 60 with
OAA/S score 3, representing a level consid-
ered to be an arousable and shallow seda-
tion status.13 Our findings showed that
dexmedetomidine presented significantly
higher values than midazolam and propofol
in OAA/S 1 and 2, and lower values in
OAA/S 3 that were not significantly
different.

Table 3. Discriminating performance, best cut-off value, sensitivity, and specificity of different sedative
agents.

AUC 95% CI Cut-off value Sensitivity Specificity PPV NPV

Midazolam 0.79 0.65–0.94 75 89 63.6 95.700 38.9

Propofol 0.93 0.88–0.98 79 82.2 93.3 98.800 43.8

Dexmedetomidine 0.87 0.82–0.92 83 72.4 100 100.000 49.1

AUC: area under the curve; CI: confidence interval; PPV: positive predictive value; NPV: negative predictive value.
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Imprecise estimation of BIS values can
affect their correlation with subjectively
assessed sedation levels. As reported,
underestimation13 and overestimation31 of
sedation levels predicted by BIS were
observed with propofol and dexmedetomi-
dine at different levels of sedation. In addi-
tion, different EEG dynamics at the same
sedation level might account for differences
in BIS values via different mechanisms for
each sedative.27

In the present study, BIS values accu-
rately reflected the level of sedation during
dexmedetomidine sedation. The OAA/S
score required for adequate sedation was 3
and BIS values were lower with dexmedeto-
midine compared with propofol and mida-
zolam, although the difference was not
statistically significant. Further studies are
necessary to evaluate whether BIS values
accurately reflect the level of sedation with
dexmedetomidine compared with the other
sedatives, and whether these values can pre-
cisely reflect the level of sedation in general.

BIS monitoring is widely used during seda-
tion with dexmedetomidine, propofol, and
midazolam. Sedation induces agent-specific
changes in EEG dynamics that can vary
according to the depth of sedation. The utility
of BIS monitoring in guiding continuous
sedation during spinal anesthesia requires fur-
ther evaluation using different sedative agents
at variable levels of sedation. Therefore, fur-
ther studies defining BIS standards during
sedation are required to enable the application
of BIS monitoring in clinical settings.

Our findings showed that BIS values
were increased with midazolam compared
with propofol and dexmedetomidine at
OAA/S scores between 1 and 2. BIS
values did not precisely reflect the level of
sedation during deeper sedation using mid-
azolam. Clinicians should therefore be
aware that the level of sedation may be
deeper than that reflected by BIS values.
A limitation of the present study is that sup-
plemental doses of propofol may have

affected the level of sedation and subse-
quent BIS values, which may have been
interpreted as excessive sedation. In the pre-
sent study, one patient in the propofol
group and four patients in the midazolam
group were administrated supplemental
doses of propofol. No supplemental dose
was required in the dexmedetomidine
group, and no patient required supplemen-
tal fentanyl administration.

Our findings do not support the reliabil-
ity of BIS as a measure of sedation depth,
and no standardized values that accurately
reflect the depth of sedation with specific
sedative agents were obtained. When deter-
mining the depth of sedation during spinal
anesthesia, the characteristics of each seda-
tive agent should be considered. Clinicians
should assess the depth of sedation using a
combination of BIS values and other objec-
tive sedation scales, and assessment should
not rely solely on BIS values.

In summary, during deep sedation
(OAA/S 1–2), BIS values in patients receiv-
ing midazolam were significantly higher
than those receiving propofol and dexmede-
tomidine. Anesthesiologists using midazo-
lam for sedation should use a combination
of BIS values and objective sedation scores
to evaluate the level of sedation during
spinal anesthesia.
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