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Abstract

Background Postoperative nausea and vomiting (PONV) is a significant problem following paediatric surgery,
and volatile anaesthetics are an important cause of this phenomenon. BIS-guided anaesthesia, by reducing the
consumption of anaesthetics, leads to a decrease in PONV in adult patients.

Study objective Evaluate the role of BIS-guided anaesthesia in reducing the incidence of paediatric PONV.
Design Prospective, randomized, double-blind study.
Setting A single center study in university hospital in Czech republic, from June 2021 to November 2022.

Patients A total of 163 children, aged 3-8 years with ASA I-Il who underwent endoscopic adenoidectomy under
general anaesthesia were included.

Interventions In the intervention group, the depth of anaesthesia was maintained to values between 40 and 60 of
BIS.

Main outcome measure The primary outcome was the incidence of postoperative nausea and vomiting during
24 h after surgery.

Results The use of BIS-guided anaesthesia led to a significant decrease in the incidence of nausea and vomiting
compared to the control group [17% vs. 53%; RR (95%Cl) 0.48 (0.27-0.86); p < 0.00Tand 16% vs. 34%; RR (95%Cl) 0.33
(0.20-0.54); p=0.01, respectively].

Conclusions BIS-guided anaesthesia decreases the incidence of postoperative nausea and vomiting in children
undergoing adenoidectomy.

Trial registration Clinicaltrials.gov identifier: NCT04466579.
Keywords BIS monitoring, Children, Postoperative nausea and vomiting, Postoperative pain

*Correspondence: ’Department of Intensive Medicine, Emergency Medicine and Forensic
Filip Bursa Studies, University of Ostrava, Ostrava, Czech Republic

filip.bursa@fno.cz 3Department of Otorhinolaryngology and Head and Neck Surgery,
'Department of Anesthesiology and Intensive Care Medicine, University University Hospital of Ostrava, 17 listopadu 1790, Ostrava, Czech Republic

Hospital of Ostrava, 17 listopadu 1790, Ostrava 708 52, Czech Republic

©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this

article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available
in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12871-024-02610-w&domain=pdf&date_stamp=2024-7-8

Frelich et al. BMC Anesthesiology (2024) 24:228

Introduction

Postoperative nausea and vomiting (PONV) remains one
of the most common adverse events after pediatric sur-
gery, with an overall incidence of approximately 20-30%
[1, 2]. However, in the case of high-risk procedures (ENT
surgery, strabismus repair), the incidence of PONV can
reach up to 80% [2, 3]. PONV is distressing for children
and their parents and can be the cause of a number of
postoperative complications, including dehydration, elec-
trolyte imbalance, surgical wound dehiscence and bleed-
ing [2]. The etiology of PONV is multifactorial, but one
of the main causes, especially in the early postoperative
period, is exposure to volatile anaesthetics with a dose-
response relationship [4, 5]. The BIS (Bispectral Index)
monitor, by measuring the depth of general anesthe-
sia, enables a more accurate titration of anesthetics [6].
The BIS monitor operates on the principle of EEG sig-
nal processing using a special algorithm that works with
bispectral, power spectral and time domain analysis. The
result is a unitless number in the range 0-100, with val-
ues of 40-60 being recommended for maintenance of
general anaesthesia [7]. A previous studies showed that
BIS-guided anaesthesia (BIGA) reduces the incidence of
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PONV in adult patients [6, 8]. The incidence, risk strati-
fication and pathophysiology of PONV are different in
children compared to the adult population [2]. Therefore,
we designed a prospective, randomized, and double-blind
study to investigate whether BIGA reduces the incidence
of PONV within 24 h after endoscopic adenoidectomy
under sevoflurane anaesthesia.

Materials and methods

Study design

This prospective, single-center, randomized and dou-
ble-blind study was approved by the Institutional
Review Board (IRB) of the University Hospital Ostrava
(18/06/2020, protocol number: 566/2020) and regis-
tered on 10/07/2020 (NCT 04466579). Each patient was
enrolled in the study after the parents or legal guard-
ians of the participants provided written informed con-
sent. From June 7, 2021, to November 17, 2022, a total of
165 children of either sex who were aged 3-8 years were
enrolled in the study. A flowchart of the study is shown
in Fig. 1. The study group consisted of children with indi-
cations for endoscopic adenoidectomy under sevoflu-
rane anesthesia, and an ASA I-II. The exclusion criteria

Excluded (n = 2) for surgery extension

(n=163)
Allocation
BIS GROUP NON - BIS GROUP
(n=86) (n=77)
Follow — up
Lost to follow — up (n = 0) Lost to follow — up (n = 0)
Analysis

Analyzed
(n=286)

Fig. 1 CONSORT flowchart of the study

Analyzed
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were an ASA III and higher, previous history of PONYV,
the presence of study confounders: neurological and gas-
trointestinal diseases and chronic use of corticosteroids.
This study closely followed Good Clinical Practice guide-
lines and the principles of the Declaration of Helsinki.

Randomization, intervention, and anesthetic management
All patients received anxiolytic premedication (mid-
azolam 0,5 mg/kg per os) 60 min before the procedure.
Upon arrival to the operating theatre, each patient was
randomized to either the control (non-BIGA) or the
intervention (BIGA) group based on a computer-gen-
erated binary code sequence. Anaesthesia was induced
by inhalation of sevoflurane, setting the 8% value at the
vaporizer in an oxygen and air mixture (FiO,=0.5). Dur-
ing the induction of anaesthesia, end-tidal sevoflurane
concentration (Et () was recorded every 20s. After a
sufficient depth of inhalation anesthesia was achieved
(defined by loss of eyelash and central eye position), an
intravenous cannula was inserted and sufentanil was
administered at a dose of 0.2 ug/kg. All patients received
15 mg/kg iv. acetaminophen for early postoperative
pain management, followed by securing the airway with
insertion of laryngeal mask. Mechanical ventilation
(MV) was started as synchronized intermittent manda-
tory ventilation (SIMV) or pressure support ventilation
(PSV) according to the patient’s spontaneous breathing
activity with the aim of maintaining the end-expiratory
carbon dioxide at 35-45 mm Hg. Non-invasive blood
pressure, electrocardiogram, heart rate, temperature and
pulse oxygen saturation were monitored throughout the
surgery and recorded every 5 min. Any adverse events
(desaturation, hypotension and bradycardia- defined
as a fall below the normal value for a given age group)
were recorded. All patients received isotonic crystal-
loid solution at a rate of 10 ml/kg/hour. Anaesthesia was
maintained with sevoflurane. In the intervention group,
BIS monitoring (Bispectral Index Monitoring System,
MEDTRONIC) was initiated immediately after secur-
ing the airway and starting MV, and the depth of general
anaesthesia was controlled by titrating sevoflurane with a
target BIS value between 40 and 60 throughout the sur-
gery. In the control group, the depth of general anaesthe-
sia was controlled by the anaesthesiologist with the aim
of achieving minimum alveolar concentration (MAC) of
sevoflurane between 1 and 1.2. In case of patient move-
ment during surgery, sevoflurane concentration on the
vaporizer was increased in increments titrated to clini-
cal effect in non-BIGA group. In the BIGA group, sevo-
flurane was increased to deepen the anaesthesia to a
minimum BIS value of 40, and the same recorded in
the study proforma. During the procedure, end-tidal
sevoflurane concentrations were recorded at 5-minute
intervals with the last value at the end of surgery. Total
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inhalational anaesthetic consumption (measured from
the start of anaesthesia to the time the sevoflurane supply
is switched off) was obtained directly from anaesthesia
delivery system (GE Avance CS2 Pro). Due to the objec-
tive of the clinical trial and low-risk study population
according to Eberhart’s POVOC score (with wait and see
strategy), patients were not administered any prophylac-
tic antiemetic agents [9]. To ensure that the investigators
were blinded to patient study allocation, the children’s
foreheads were cleaned of electrode marks and the cream
was massaged in immediately after BIS monitoring. This
procedure was also performed on the children in the
control group to ensure that the odour of the cream and
redness of the forehead skin did not lead to detection of
study allocation. After each patient recovered from gen-
eral anesthesia (defined by return of the eyelash reflex)
and resumed spontaneous breathing, the supraglottic air-
way device was removed and children were transported
to the PACU.

Postoperative care and data collection in the PACU

After surgery, the patients were continuously monitored
for vital signs in the PACU for 60 min. Two well-trained
PACU nurses blinded to the group assignment were
responsible for evaluating the presence of nausea in all
patients with BARF (Baxter Animated Retching Faces)
score. The BARF is a validated pictorial scale that uses
a series of pictures of faces with expressions of increas-
ing nausea intensity and can therefore be used to assess
nausea in young children. The BARF score ranges from
0 (no nausea) to 10 (the most severe level of nausea) and
the child, after instruction, simply selects a face with an
expression that corresponds to their level of nausea [10].
BAREF score was assessed at three timepoints (10 min,
30 min and 60 min during the PACU stay) and value>4
indicated nausea. Retching (defined as making sound
and movement of vomiting without gastric contents) was
considered as nausea for the purposes of this study. Each
episode of vomiting (defined as the expulsion of gastric
contents) was recorded to the study documentation.
According to the study protocol, every child with post-
operative vomiting (except for patients with retching or
one episode of vomiting that lasted for a short period)
was administered ondansetron at a dose of 0.15 mg/kg,
with a maximum dose of 4 mg i.v. as a rescue antiemetic
treatment. Postoperative pain was evaluated according
to the FLACC (Face, Legs, Activity, Cry, Consolability)
scale at the same timepoints as BARF score. The FLACC
is a pain assessment tool that has been validated for use
in children aged 2 months to 7 years. This scale con-
tains five categories, each of which is scored from 0 to 2
to provide a total score ranging from 0 to 10 [11]. With
a FLACC score>4, rescue analgesic therapy with met-
amizole 15 mg/kg i.v. was applied. The need for rescue
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analgesics or antiemetic agents was recorded in the study
documentation.

Postoperative care and data collection in the standard
ward

After 60 min of observation in the PACU, patients were
transferred to the ENT department for further postoper-
ative care. A group consisting of two PACU and two ENT
nurses assessed the presence of nausea with BARF scale
at 2, 4, 6 and 8 h after surgery and recorded every episode
of vomiting during 24 h period. The criteria for nausea
and vomiting were set in the same way as in the PACU.
The research team, as well as the patients and their par-
ents, were unaware of the children’s study allocation.

Statistical analysis

The power analysis of the study was based on reducing
the incidence of PONV in the intervention group. The
estimated incidence of PONV in the control group was
determined to be 35% based on data from the litera-
ture [2, 12]. To reduce the incidence of PONV by 20%
in the intervention group at the 5% significance level,
the estimated sample size was at least 154 patients, i.e.,
77 patients in each group (with a test power of 80% for
Pearson’s chi-squared test). Anticipating a 5% dropout
rate, we estimated that approximately 162 patients were
needed. Shapiro-Wilk test was used to test the normality
of distribution of quantitative features. Non-parametric

Table 1 Patient and intraoperative characteristics

Control BIGA P

(n=77) (N=86) value
Gender (male/female) 49/28 56/30 0.771
ASA status (I/ 1) 74/3 81/5 0.629
age (years) 4.8(£1.3) 4.6(+1.3) 0.254
weight (kg) 20.3(%£5.5) 18.8(+5.4) 0.075
height (cm) 111.2(+10.5) 1086(+105) 0.064
duration of ga (min) 483(x11.7)  448(x123) 0.086
Induction ET <, (VoI%) 58(+123) 57(x14) 0436
ET <., (VoI%) maintaince of 29(+0.8) 22(+0.7) 0.039"
anest.
ET ¢, (VoI%) end of surgery 2.5(+0.6) 2.1(+0.5) 0.047"
Consumption of sevoflurane 13.2(x24) 9.7(x1.9) 0035
(ml)
Sufentanil (ug) 4.1(x0.2) 4.0(x03) 0.831
Infusion amount (ml) 101.5(x£9.5) 100.8(x10.1) 0.136
Temperature (°C) 36.3(+0.1) 36.3(+0.2) 0.564
Heart rate (beats/min) 1159(x14.2) 1143(x139) 0.621
Respiratory rate (per min) 19.8(+1.5) 19.7(x1.4) 0.987
Systolic pressure (MM hg) 959(x11.7) 93.8(x11.1) 0.812
dIASTOLIC PRESSURE (MM hG) 59.7(+7.5) 60.1(x6.9) 0.205
Surgical time (min) 28.1(x£9.1) 30.2(x=11.6) 0.365

The values represent n or mean(£SD). ET,,- end tidal concentration of
sevoflurane, GA -general anaesthesia. Vital signs were recorded throughout the
duration of general anaesthesia.” indicates a statistically significant difference
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data were analyzed with the Mann-Whitney test. Quali-
tative characteristics were assessed with the x> test and
Fisher’s exact test, where appropriate. Data are presented
as mean (£SD), median [IQR] or counts (percentages).
The relative risk of PONV in both groups is presented
as risk ratio (RR) and 95% confidence interval (CI). The
Stata version 17 program was used for processing the
data and p<0.05 was considered statistically significant.

Results

During the study period, a total of 165 children were
enrolled in the clinical trial, of which 2 patients were
excluded due to a change in the extent of surgery. 86 chil-
dren were randomized to the intervention group (BIS-
guided anaesthesia), while 77 patients were assigned to
the control group (standard anaesthesia practice without
BIS monitoring). Baseline patient characteristics, intra-
operative vital signs, and duration of anaesthesia and
surgery showed no statistically significant differences
between the groups. We observed a significant decrease
in the consumption of inhalational anesthetic in the
intervention group compared to the control group [9.7
(£1.9) ml vs. 13.2 (£2.4) ml; p=0.035]. There were no
other differences in anaesthesia-related characteristics
(Table 1). Throughout the study, there were no cases of
unexpected patient movement during surgery requiring
deepening of the anaesthesia, and no adverse events were
recorded.

Results in the PACU (interval 0-1 h after surgery)
The incidence of postoperative nausea (PON) was 20%
(15/77) in the control group compared to 7% (6/86) in the
intervention group (p=0.112). Although the incidence of
postoperative vomiting (POV) was not significantly dif-
ferent between groups (p=0.147), patients in the con-
trol group required more rescue antiemetic therapy
(p=0.043). The rate of postoperative nausea, expressed
as BARF score, was significantly improved in the inter-
vention group at 10 and 30 min (p=0.016 and p<0.001)
(Table 2; Fig. 2). BIGA led to a significantly less postoper-
ative pain at 10 and 30 min, with lower FLACC score val-
ues (p=0.044 and 0.025). FLACC scores at 60 min during
the PACU stay were not different between the groups
(p=0.076). In the intervention group, rescue analgesic
therapy was applied to a significantly smaller number of
patients (p=0.003) (Table 2).

BARF scores presented as means (SD) during all mea-
sured time intervals of intervention group (green color)
and control group (red color).

Results in the ENT department (interval 1-24 h after
surgery)

For all children enrolled in this study, the overall inci-
dence of PONV was 34% for nausea (56/163) and 25%
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Table 2 Data recorded in PACU (time interval 0-1 h after
surgery)
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Table 3 Data recorded in the ENT ward (time interval 1-24 h
after surgery)

Control (n=77) BIGA Pvalue Control (n=77) BIGA P value
(N=86) (N=86)

PACU nausea 15 (20%) 6 (7%) 0.112 Ent ward nausea 41 (53%) 15(17%) <0001
PACU vomiting 7 (9%) 3 (4%) 0.147 Ent ward vomiting 26 (34%) 14(16%) 0010"
Number of vomiting episodes 2.1 (+0.3) 13(x0.1) 0042 Number of vomiting episodes 0.8 (+1.7) 03(x07) 0003
BARF score 10 min 2[1-6] 0[0-21 0016 BARF score 2 h 2[2-6] 2[0-4] 0.022"
BARF score 30 min 412-8] 0[0-4] <0.001" BARF score 4 h 4[2-8] 2 [0-6] <0001"
BARF score 60 min 0[0-2] 0[0-2] 0329 BARF score 6 h 6 [2-8] 2 [0-4] <0.001"
FLACC score 10 min 3[1-6] 101-3] 0.044" BARF score 8 H 2[0-4] 0[0-2] 0.041"
FLACC score 30 min 3[0-6) 1[0-3] 0025 Results are represented asn (%);mean (£SD) or median [IQR]; BARF - Baxter
FLACC score 60 min 1[0-4] 1[0-3] 0076 animated retching faces; ‘indicates a statistically significant difference
Rescue antiemetic treatment 6 (8%) 1 (1%) 0.043" . .
Rescue analgetic treatment 28 (36%) 14 (16%)  0.003" Discussion

Data are given as n (%), mean (£SD) or median [IQR]; BARF - Baxter animated
retching faces, FLACC - Face, Legs, Activity, Cry, Consolability; * indicates a
statistically significant difference

(40/163) for postoperative vomiting within the first
24 h after surgery. In the control group a total of 53%
(41/77) of patients experienced postoperative nausea
with a BARF score above 4 compared to 17% (15/86) in
the intervention group (<0.001). The use of BIS-guided
anaesthesia led to a statistically significant decrease in
the incidence of PON with risk ratio (RR)=0.48 (95% CI
0.27-0.86). The incidence of postoperative vomiting was
34% (26/77) in the control group compared with 16%
(14/86) in the intervention group (p=0.01). Between the
study groups, we found RR=0.33 (95% CI 0.20-0.54). In
cases when the child had already vomited in the ENT
department, the number of individual episodes was lower
in the intervention group (Table 3). The rate of postoper-
ative nausea, expressed as BARF score, was significantly
improved in the intervention group in all measured time-
points (Table 3; Figure 2).

Despite advances in the prevention and treatment of
PONYV, it remains one of the most common postopera-
tive adverse events in children [2]. In the present study,
we have shown that BIS-guided sevoflurane anaesthe-
sia significantly reduces the incidence of PONV within
1-24 h after the end of surgery compared to standard
anaesthesia practice without BIS monitoring. The inci-
dence of early postoperative nausea and vomiting during
the PACU stay was not affected, but patients in the non-
BIGA group who experienced nausea had higher BARF
scores and required more rescue antiemetic treatment.
The BIS monitor uses EEG signal processing to measure
the depth of the hypnotic component of anaesthesia [13].
BIS values are calculated from 4 EEG sub-parameters:
Burst Suppression Ratio (BSR), QUAZI Suppression
Index, Relative Beta Ratio (RBR) and SyncFastSlow Ratio
(SES) [14]. Although the device uses an algorithm derived
from adult EEG data [15], BIS values also correlate reli-
ably with the depth of sevoflurane anaesthesia in paediat-
ric patients [13, 16].

The administration of inhalational anaesthetics is a
strong risk factor for the development of PONYV, with the
risk increasing with the duration of exposure [4]. Con-
sistent with a previous study [17], we found significantly

BARF score (Mean * SD)

10 min 30 min 60 min

Fig. 2 BARF scores in PACU and ward

2 hours

4 hours 6 hours 8 hours



Frelich et al. BMC Anesthesiology (2024) 24:228

lower sevoflurane consumption in the BIGA group
compared to the non-BIGA group. This resulted in a
reduction in the emetogenic effect of sevoflurane with a
consequent reduction in the incidence of PONV in the
intervention group.

However, we could only show a difference in the inci-
dence of PONV between 1 and 24 h and not in the early
postoperative period (0-1 h). These results are in con-
trast to the Apfel study, which showed a dose-response
relationship between volatile anaesthetics and the risk
of PONV only in the early postoperative period (0-2 h)
[4]. A possible explanation is the use of propofol to treat
severe emergence delirium in the PACU, which may have
significantly influenced the incidence of early PONV [2],
but there was no difference in propofol administration
between groups [18]. The lack of effect of BIS-guided
anaesthesia in reducing early PONV cannot be explained
in our study and warrants further work in this area.

Our results are consistent with a study performed in
adult patients in which Nelskyld et al. demonstrated a
significant reduction in the incidence of postoperative
vomiting by 24% in a group of female patients with BIS-
guided depth of general anesthesia. This study also failed
to demonstrate a reduction in the incidence of early post-
operative vomiting in the PACU [6]. Other works, includ-
ing two meta-analyses, reported lower but still significant
reduction in PONV in BIS-monitored adult patients [8,
19, 20].

In contrast, Liao found no effect of BIS-guided anaes-
thesia on PONV reduction in children aged 3-12 years
undergoing urological surgery [21]. However, this study
only included outpatients discharged early from hospi-
tal and did not assess the incidence of PONV in the later
postoperative period. In addition, the overall incidence of
PONYV in the PACU was even lower than in our cohort.
Another limitation of this study is the unclear methodol-
ogy used to assess postoperative nausea, which may have
led to an underestimation of its prevalence, especially in
young children.

Surprisingly, we found greater pain relief in the BIS-
guided anaesthesia group. These children had lower lev-
els of postoperative pain, measured by the FLACC score
after 10 and 30 min in the PACU, and required less res-
cue analgesic therapy. The FLACC score at 60 min was
similar in both arms of the study, probably because of the
higher analgesic consumption in the control group.

Several studies have reported that adequate intraop-
erative depth of anaesthesia is associated with reduced
postoperative pain in adult patients [22-24]. The poten-
tial mechanism leading to the reduction of postoperative
pain is not entirely clear, but the authors of above-men-
tioned studies suggested that a higher depth of anaes-
thesia leads to a partial interruption of nociceptive
stimulation with a subsequent lower pain intensity [25].
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Our study cannot support this theory, because we did not
measure the depth of anaesthesia with the BIS monitor in
the control group.

We acknowledge certain limitations in this study. First,
this study enrolled patients from a single center. Data
from a multicenter study would be more generalisable.
The second limitation of this study is the difficulty in
assessing postoperative nausea in young children, who in
most cases are unable to verbalise this subjective feeling.
As a result, the incidence of postoperative nausea may be
underestimated. Thirdly, because BIS monitoring was not
performed in the control group, we were unable to dem-
onstrate a difference in BIS values between the groups.

Conclusion

BIS-guided sevoflurane anaesthesia significantly reduces
the incidence of nausea and vomiting following surgery
in children undergoing adenoidectomy. Future research
is needed to futher out study findings in other surgeries
and clinical settings.
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