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Abstract

Introduction: Bispectral index (BIS) monitoring provides an objective, non-invasive measurement of the level of
consciousness in a sedated patient.

Aim: In this prospective study, we aimed to investigate the hypothesis that risk of respiratory depression could be
reduced and the desired level of sedation with minimal doses of propofol could be achieved by using BIS monitoring
in endoscopic retrograde cholangiopancreatography (ERCP) procedures.

Material and methods: Sixty patients in the ASA 1-2 category, who were scheduled for an ERCP with sedation, were
randomly divided into two groups. The procedure was performed, and sedation was administered so that the pa-
tient’s Ramsay Sedation Score (RSS) would be 4-5 in the first group (group 1) and the patient’s BIS value would be
65-75 in the second group (group 2). Cardiopulmonary complications, the total duration of the procedure, and the
total amount of propofol administered were recorded.

Results: The mean SpO, measurements at the third minute, fifth minute, and 10" minute were higher in the BIS
group (p < 0.001) (p < 0.05). The mean number of respirations during the third, fifth, 10*, and 15" minute of seda-
tion was significantly higher in the RSS group than in the BIS group (p < 0.05). There was no difference between the
groups in terms of recovery time, total propofol amount, and additional doses of bolus propofol.

Conclusions: BIS monitoring during sedation with propofol for ERCP did not reduce total propofol use, but it may be
an efficient guide for the timing of additional dose administration, which could reduce the risk of respiratory depres-
sion, and it could be used safely as an objective method in the follow-up of level of sedation.
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Introduction
may occur due to the deep sedation [1-4]. Bispectral

Endoscopic retrograde cholangiopancreatography
(ERCP) is an invasive endoscopic treatment that re-
quires deep sedation, which can sometimes be a com-
plex, time-consuming procedure. Close monitoring of
sedation and other parameters is necessary to pre-
vent cardiovascular and respiratory problems that

index (BIS) monitoring is an EEG-based anaesthe-
sia-sedoanalgesia monitoring method that produces
numerical scoring using a complex algorithm with
electroencephalogram analysis [5]. Obtained scores
vary between 0 and 100 (0, straight line EEG; 100,
fully awake). BIS monitoring provides an objective,
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non-invasive measure of the level of consciousness
of sedated patients and is widely used to monitor the
activity of sedative anaesthetic agents and cerebral
cortex [5-7]. Concerning the sedation to be admin-
istered during endoscopy, the European and Ameri-
can guidelines recommend close observation of the
patient’s physiological parameters [1-4]. In the en-
doscopic field, attempts were made to examine the
safety and efficacy of BIS monitoring in patients who
underwent endoscopy after the first application of
BIS monitoring as an assistive monitoring device for
sedation in 2004. BIS monitoring has also been re-
ported to facilitate the measurement of the depth of
sedation and the titration of anaesthetic agents [8].

There are studies using BIS monitoring to facili-
tate sedation in ERCP procedures [9-11]. The depth
of anaesthesia, the amount of anaesthetic drug
used, and the complications that were encountered
during the ERCP studies were investigated, and dif-
ferent results were reported [9, 12-14].

There are several validated scoring systems
available for the assessment of sedated patients and
gradation of their level of sedation. One of the most
commonly used measures of sedation is the Ramsay
Sedation Scale (RSS). It was described by Ramsay
et al. in 1974 for the purpose of monitoring sedation
[15]. RSS divides a patient’s level of sedation into
six categories, ranging from severe agitation to deep
coma (Table I).

Aim

In this prospective study, we aimed to investigate
the hypothesis that risk of respiratory depression
could be reduced and the desired level of sedation
with minimal doses of propofol could be achieved
by using BIS monitoring in ERCP procedures. For his
purpose we tried to determine the effects on the re-
spiratory functions (SpO,, respiration rate), haemo-
dynamic parameters, and recovery period in these

patients, and to evaluate the satisfaction of the en-
doscopist and the patient.

Material and methods

Sixty patients who, according to the American
Society of Anesthesiologists (ASA) physical clas-
sifications, were in the ASA 1-2 categories, and
were scheduled for an ERCP procedure with seda-
tion, were randomly divided into two groups after
obtaining their written, informed consent and the
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approval of the Local Ethics Committee (Clinicaltri-
als.gov Identifier: NCT03114774). Patients who had
a history of neurological disease (transient isch-
aemic attack, syncope, dementia, etc.), were aller-
gic to the drugs that were planned to be used, were
< 18 years of age, were pregnant, or had chronic
benzodiazepine/opioid drug use were excluded
from the study.

All ERCP procedures were in a class between
1 and 3 according to Grading the Degree of Diffi-
culty of ERCP Procedures [16] (Table II), performed
by the same gastroenterologist, and all anaes-
thetic procedures were performed by the same
anaesthesiologist. The patients were randomly
assigned using a computer-generated randomis-
ation table and divided into two groups. An en-
doscopist registered the participants at our data
centre. The staff of the data centre used the ran-
domisation function of Microsoft Excel (RAND) to
randomly assign participants to the first group or
second group. In the first group (RSS group), se-
dation was monitored by Ramsay Sedation Score
(RSS), and in the second group (BIS group), seda-
tion was monitored by BIS monitoring.

All patients were noninvasively monitored in the
treatment room (electrocardiogram, blood pressure,
pulse oximetry). Oxygen was administered through
nasal cannula at a rate of 2 |/min from the beginning
of sedation and throughout the procedure. Preoper-
ative medication was administered to all patients
using 0.03 mg/kg intravenous (IV) midazolam (Dor-
micum; Deva, Istanbul, Turkey).

Patientsinthe RSS group were administered 1 mg/
kg IV lidocaine (Aritmal 2%; Osel, Istanbul, Turkey).
Anaesthesia was maintained with 4 mg/kg/h propo-
fol infusion after a loading dose of 1 mg/kg propo-
fol (propofol 1%; Fresenius Kabi, Istanbul, Turkey),

Table I. Ramsay Sedation Scale

Level Characteristics

1 Patient awake, anxious, agitated, or restless

2 Patient awake, cooperative, orientated, and tranquil

3 Patient drowsy, with response to commands

4 Patient asleep, brisk response to glabella tap or
loud auditory stimulus

5 Patient asleep, sluggish response to stimulus

6 Patient has no response to firm nail-bed pressure

or other noxious stimuli
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Table II. Comparison of two groups in terms of demographic and clinical characteristics

Parameter RSS group BIS group P-value
(n=30) (n=30)

Age*, mean + SD [years] 56.16 +11.510 53.30 £8.921 0.285
Male*, n (%) 16 (53.3) 10 (33.3) 0.192
Female*, n (%) 14 (46.7) 20 (66.7)
Weight¥, mean + SD [kg] 74.53 £14.001 75.03 £14.59 0.893
Height*, mean + SD [cm] 168.23 £10.401 164.3 £5.80 0.076
ASA 1%, n (%) 12 (40.0) 17 (56.7) 0.301
ASAII*, n (%) 18 (60.0) 13 (43.3)
Comorbidity*, n (%): 0.169

None 12 (40.0) 17 (56.7)

HT 7(233) 5 (16.7)

DM 0 (0.0) 2(6.7)

COPD 0 (0.0) 2(6.7)

CHD 2(6.7) 0(0.0)

RA 1(3.3) 0(0.0)

Thyroid disease 1(3.3) 2(6.7)

HT and COPD 5 (16.7) 1(33)

HT and CHD 1(33) 0(0.0)

DM and thyroid disease 1(3.3) 1(3.3)
Indications*, n (%): 0.154

Choledocholithiasis 10 (33) 14 (36)

Biliary leaks 7 (23) 2(6)

Biliary stenosis 6 (20) 6 (20)

Stent exchange 2(6) 3 (10)

Stent extraction 2(6) 2(6)

Others 3 (10) 3 (10)

fMann-Whitney U test; ¥independent samples t-test; *Fisher-Freeman-Halton test. HT — hypertension, DM — diabetes mellitus, COPD — chronic obstructive
pulmonary disease, CHD — coronary heart disease, RA — rheumatoid arthritis.

1 pg/kg fentanyl (fentanyl, Johnson and Johnson, Is-
tanbul, Turkey) [17-19]. In the RSS group, the propo-
fol infusion rate was reduced or an additional bolus
of 0.1 mg/kg IV propofol was applied, in order to
achieve a sedation depth of 4-5 on the RSS scale
(Table I). The number of additional propofol boluses
was recorded. In the BIS group, a BIS electrode was
fixed on the frontotemporal region and BIS values
were monitored (Aspect Medical Systems, Covidien,
MA, USA). In the same way as in the RSS group, 1
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mg/kg IV lidocaine was administered. After adminis-
tration of loading doses of 1 mg/kg IV propofol and
1 pg/kg IV fentanyl, anaesthesia was maintained
with a propofol infusion of 4 mg/kg/h. The sedation
depth was achieved by decreasing the propofol in-
fusion rate to reach a BIS value of 65-75 or by an
additional bolus of 0.1 mg/kg IV propofol.

Heart rate (HR), systolic arterial pressure (SAP),
diastolic arterial pressure (DAP), mean arterial pres-
sure (MAP), peripheral arterial oxygen saturation
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(Sp0,), and respiratory rate (RR) were monitored
and recorded every 5 min.

In the case of hypoxia (SpO, < 90%), nasal oxy-
gen was increased > 2 |/min while the jaw and mask
ventilation were lifted. In the case of hypotension
(systolic arterial pressure < 80 mm Hg), necessary
interventions (fluid replacement, ephedrine appli-
cation) were performed. In the case of bradycardia
(< 50/min), necessary interventions (drug titration,
IV atropine) were planned. Cardiopulmonary events
and interventions performed were recorded.

The duration of total anaesthesia for the proce-
dure (for the RSS group, calculated from initiation
of the IV anaesthetic agent to reaching an RSS value
of 2; for the BIS group, calculated from the initiation
of the IV anaesthetic agents to reaching a BIS value
of 90) and the total amount of propofol adminis-
tered were recorded.

After completion of the procedure, the patients
were taken to the recovery unit if their haemody-
namic data were stable. Recovery was monitored by
the Aldrete recovery score (ARS) (0-10) [20]. Patients
with an ARS of 9 were discharged from the recovery
unit. Monitoring of nausea and vomiting in the re-
covery unit was carried out by the Numerical Rank
Score (NRS).

The endoscopist was asked to score their satisfac-
tion between 0 and 4 (4: very good, 3: good, 2: bad,
1: very bad). Patients were asked to score between
0 and 4 (4: no discomfort, 3: slightly uncomfortable,
2: extremely uncomfortable, 1: unacceptable) after
the ARS > 9, for evaluation of their satisfaction with
the sedation performed during the procedure.

Statistical analysis

Descriptive statistics for numerical variables
were evaluated as the mean and standard deviation,
and descriptive values for categorical variables are
presented as number and percentage. Adaptation of
numerical measurements to a normal distribution
was analysed by the Kolmogorov-Smirnov test. The
differences between the two groups in terms of so-
cio-demographic and some clinical characteristics
were examined using either the independent sam-
ples t-test, Mann-Whitney U test, ANCOVA model, or
Fisher-Freeman-Halton test, depending on the type
and distribution of the characteristics. In the com-
parison of the two groups in terms of HR, SAR DAR
MAR SpO,, and RR measured at different periods, the
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independent samples t-test or Mann-Whitney U test
was used, depending on the data type. A p-value
< 0.05 was considered statistically significant. The
Statistical Package for the Social Sciences version
22.0 (IBM Corporation, Armonk, NY, USA) software
was used for the statistical analysis.

Results

Demographic and clinical characteristics
of patients

A total of 30 patients were included in the BIS
group and 30 in the RSS group. No patient was ex-
cluded after randomisation. Baseline demographics
and clinical characteristics of patients were similarly
distributed between the groups (Table II).

Pulmonary events

SpO, (3" min), SpO, (5% min), and SpO, (10" min)
measurements were found to be significantly higher
in the BIS group (p < 0.001) (p < 0.05) (Figure 1).

In the BIS group, the number of patients who
had no drop in Sp0O, (< 90%) was 19 (63.3%), which
was significantly higher than the number in the RSS
group, whereas seven patients showed a drop three
times (23.3%) in the RSS group, which was signifi-
cantly fewer than the number of patients in the BIS
group (0 patients 0%) (p < 0.05). Increasing nasal O,
>2|/min as an intervention for hypoxia was more com-
mon in the RSS group than the BIS group (8 (26.6%)
patients) (p < 0.001) (Table IIl). Lifting of the jaw was
needed in one patient in the RSS group, while it was
not needed in any patient in the BIS group.

Mean respiratory rates at the third, fifth, 10,
and 15" minutes of sedation were significantly high-
er in the RSS group than in the BIS group (p < 0.05)
(Figure 2).

Propofol dose

The mean (SD) total propofol dose administered
was 216.0 (124.67) mg in the BIS group, and 207.0
(60.41) mg in the RSS group. No significant differ-
ences were observed between the two study groups
in terms of the total amount of propofol and addi-
tional doses of propofol bolus (p >0.05) (Table V).

Quality of sedation

The endoscopist rated patient sedation as very
good/good for all the patients in both groups. All pa-

361



Ferda Yilmaz Inal, Hayrettin Daskaya, Yadigar Yilmaz, Hasan Kocoglu

100
98- *—=8
96
—~ 947
&\t
ON 92_
Q.
Y 90+
88+
86
84
Oth 15( Slh 1olh 1 Slh zoth zsth 3oth 35[h 4o(h 45(h 15[ 1oth Zoth 3oth
min | min | min [ min [ min | min | min | min | min | Mmin | min | min | Min | Mmin | min
Group rec. | rec. | rec. | rec.
—@— RSS 9741 90.2| 92.2| 93.1| 945 | 943 | 939 | 93.2 (948 | 93.8 |1 93.3 | 96.4 | 97.8 | 98.1 |98.2
BISS 97.8 | 95.2| 959 | 96.1| 959 | 96.1 | 95.8 95 [94.2 | 95.6 | 93.3 98 98.2 | 98.4 | 98.5
Time [min]

Figure 1. Comparison of SpO, values

Table Ill. Number of drops in SpO, (< 90%) and
interventions related to it*

Parametr RSS group BIS group P-value
(n=30) (n=30)

Number of

drops in SpO,

n (%):
0 time 10 (33.3) 19 (63.3) 0.010
1time 9 (30.0) 6 (20.0) 0.402
2 times 4(13.3) 5(16.7) 0.816
3 times 7(23.3) 0(0) 0,010

Increasing 18 (60.0) 8 (26.6) 0.001

nasal O,

> 2 1/min, n (%)

Jaw lifting, 1(3.3) 0 (0.0) 0.321

n (%)

*Fisher-Freeman-Halton test was used.

tients in both groups rated their level of satisfaction
as high (no discomfort) (Table V).

Recovery

Recovery times of patients to have an ARS of
9 were similar in the two groups (Table V).

Cardiovascular events

None of the patients had bradycardia. Hypoten-
sion was observed in only one patient in the RSS
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group (3.3%) and was treated with fluid replace-
ment.

No significant difference was found between the
two groups in terms of HR, SAR DAR and MAP during
the sedation and recovery periods.

Discussion

ERCP procedures require deep sedation and have
a higher complication rate than do other endoscopic
procedures [21-23]. Studies regarding BIS monitor-
ing during sedation in order to monitor sedation lev-
els, reduce the use of anaesthetic agents, and pre-
vent complications during ERCP procedures report
varying results [9, 12-14]. Therefore, ERCP cases
were chosen in this study. We investigated the hy-
pothesis that the risk of respiratory depression could
be reduced by decreasing the propofol dose while
providing the desired sedation level with BIS moni-
toring. In previous studies, it was reported that the
mean amount of propofol used for sedation in pa-
tients undergoing an ERCP procedure was lower and
that a more effective titration was achieved in the
BIS group [8, 11, 14]. In some studies, only propofol
was used for sedation in these patients, and differ-
ent pain levels were not homogenised because no
analgesic agent was added [11, 14]. In another study,
when midazolam was added to propofol and seda-
tion was achieved, the tendency to use less propofol
was noted in the BIS group, although there was no
statistically significant difference. In a meta-analy-
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Figure 2. Comparison of respiratory rates

Table IV. Duration of anaesthesia, recovery time, NRS values, total amount of propofol, additional doses of
propofol bolus, and endoscopist and patient satisfaction

Paramater RSS group BIS group P-value
(n =30) (n = 30)
Duration of anaesthesia*, mean + SD [min] 27.23 £14.488 24.33 £11.80 0.399
Recovery time¥, mean + SD [min] 10.83 +6.308 9.16 +5.583 0.283
Total amount of propofol¥, mean + SD [mg] 216.0 +124.67 207.0 +60.41 0.724
Additional doses of propofol*, mean + SD 5.10 +7.336 4.03 +4.055 0.489
Endoscopist satisfactionf, mean + SD 3.50 +0.682 3.76 +0.430 0.092
Patient satisfactionf, mean + SD 3.93 +0.253 3.90 +0.305 0.643

fMann-Whitney U test, ¥independent samples t-test.

sis, it was found that total propofol consumption un-
der BIS monitoring was significantly lower than that
in patients receiving no BIS monitoring [24]. How-
ever, this meta-analysis investigating a total of
11 studies consisted of multiple heterogeneous
groups, and all gastrointestinal endoscopic proce-
dures were included. The absence of a difference
between the groups in terms of the total propofol
amount used in our study may be related to the ho-
mogenisation of the patient groups by conducting
the study only in patients undergoing an ERCR and
the exclusion of the pain factor by the addition of an
opioid to the propofol.

Cardiopulmonary events are the most common
cause of mortality in patients undergoing an ERCP.
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Therefore, prevention of these complications is cru-
cial. It was thought that BIS monitorisation would
prevent these complications by regulating sedation
levels while avoiding respiratory depression, and
this issue has been investigated in multiple studies.
Paspatis et al. reported in their study that they did
not find any difference between the groups with and
without BIS monitoring in terms of SpO, values [14].
However, the oxygen flow in this study was set at
5 I/min. In our study, the oxygen flow was set to
2 I/min, and thus the data were strengthened by
making patients more sensitive to desaturation.
The effect of propofol starts fast and terminates
quickly, due to the high lipid solubility, redistribution,
and elimination. After a single dose of injection (2—
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3 mg/kg, IV), the hypnotic effect starts after 30-40 s,
and the duration of effect is about 4-8 min [25, 26].
It is rapidly and widely distributed to highly perfused
tissues such as the brain after intravenous admin-
istration [27]. The onset of anaesthesia is provided
within the arm-brain circulation [28]. Therefore, to
evaluate the effect of bolus propofol dose applied in
induction in our study, SpO, values were recorded at
third, fifth, and 10t min.

According to our findings, BIS monitoring did not
affect the amount of propofol consumed, but it was
effective in reducing the risk of respiratory depres-
sion. In our study, we can state that the number of
drops in SpO, values was high in the RSS group and
was seen at the first, fifth, and 10" minutes of the
procedure. Although it has not been recorded, addi-
tional doses of propofol in the RSS group at the very
beginning of the procedure, which we found in our
clinical observation, also contribute to this finding.
In our study, clinically, when the RSS scale is 4-5 and
the procedure started with the initial entrance of the
endoscope, it was observed that some patients could
move, RSS values were decreased, the additional
doses of bolus propofol were needed, and after addi-
tional doses respiratory depression developed lead-
ing to drops in SpO, values. The fact that respiratory
rates were significantly higher in the RSS group at
the first, fifth, 10t and 15" min was determined to
be a response to compensation for the simultaneous
drops in SpO,. In BIS monitoring, we observed that
there was no need to add additional dose propofol
at the first entry because the endoscope entry was
made when the patient’s BIS value was 75, which
means that the decrease in SpO, value was lower.

Although the total amount of propofol used is the
same, BIS monitoring may be a better guide for the
additional dose of propofol based on objective data
than the clinical observation-based RSS. Thus, we can
state that it can help reduce respiratory depression.

It has been reported that BIS monitoring during
an ERCP can affect the recovery time by prevent-
ing deep sedation. Paspatis et al. reported that the
recovery time was shorter in the BIS group, which
could be explained by the decreased amount of
propofol used in that group [14]. Von Delius et al.
also reported that in the BIS group less propofol was
consumed and a shorter recovery time was detected
[12]. In our study, the similarity of duration of recov-
ery in both groups can be explained by the different
propofol doses and similar procedure times.
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In this study, similarly high values were achieved
in both groups in terms of patient and endoscopist
satisfaction. Due to the decrease in SpO, values in
the first 15 min of the procedure seen in the RSS
group, the endoscopist satisfaction rate could be
expected to be low. However, management of an-
aesthesia without any impact on the procedure may
be interpreted as not affecting endoscopist satisfac-
tion. Contrary to our findings, Imagawa et al. report-
ed that patient and endoscopist satisfaction scores
were higher when BIS was used to monitor propofol
sedation for endoscopic submucosal dissection [29].
This may be related to whether or not endoscopists
are blind to the presence of BIS monitoring during
the procedure.

Our study has several limitations. The endosco-
pist and the anaesthesiologist were not blind and
we did not record the additional doses of propofol
given in the event of sedation insufficiency (if we
had recorded them, we could have documented that
they were higher in the first 15 min of sedation and
therefore drops in SpO, were more common in the
RSS group). Additionally, although the sample size
was sufficient for the study, it could have been larger
(the larger number of patients could have made the
results more reliable).

Conclusions

As a result, it was concluded that BIS monitoring
during sedation with propofol for ERCP did not re-
duce total propofol use but may be an efficient guide
for timing of additional dose administration, which
could reduce the risk of respiratory depression, and
it could be used safely as an objective method in the
follow-up of the level of sedation in these patients.
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