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Abstract

Monitoring the depth of general anaesthesia (GA) enables the anaesthetist to reach the optimal depth of GA, and
thus prevent the occurrence of too deep or too shallow anaesthesia, together with all associated consequences.
Anaesthesia, which is too shallow, increases the risk of perioperative awareness. In adult patients, the incidence
of perioperative awareness is 0.1-0.2 % for the total number of GA procedures,in paediatric population, the clini-
cal studies present the incidence of up to 5 % (1973), 0.8 % (2005) for the total number of GA procedures.
Perioperative awareness is a serious complication, with possible psychological consequences for the patients,
including post-traumatic stress disorder.

BIS monitoring is one of the possibilities how to assess the depth of GA. This technique is based on the assess-
ment of EEG curve, when individual parameters of the EEG signal are, using mathematical methods, transformed
into a dimensionless number, so-called bispectral index (BIS), the value of which is expressed on the scale from
0 to 100, and which reflects the depth of general anaesthesia.

This prospective randomized clinical trial has proven, on a group of 101 children that the use of BIS monitor in
the course of GA shortens the period of recovery from general anaesthesia, however, it does not decrease the con-
sumption of inhalation anaesthetics when compared to GA performed without BIS monitoring. The results of the
study confirmed the importance of monitoring the depth of GA in patients with intravenous administration of
Propofol. The authors have observed an inverse linear relation between the values of BIS and MAC (minimum alve-
olar concentration).
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INTRODUCTION

The basic aim of general anaesthesia (GA), “the greatest gift for the art of medicine”
(S. B. Nuland) (1), according to many definitions is to enable a painless performance of sur-
gical or other painful invasive procedures. The management of GA should be aimed at
reaching the optimal depth of GA, and also related rapid emergence of the patient from GA.
With the current variable options of GA management (use of intravenous anaesthetics,
strong analgesics, analgesics with a short effect and potent volatile anaesthetics, in com-
bination with various methods of local anaesthesia), the importance of methods for meas-
urement of the depth of GA increases. The depth of general anaesthesia is defined as
a continuous progressive decrease of the CNS activity and decreased reactivity to stimuli.
In the course of GA in adults, perioperative awareness is detected in 0.1-0.2 % of patients
(2). In the clinical practice, 95 % of the cases of perioperative awareness are caused by
a human error, or incorrect anaesthetic procedure, or possibly by a failure of the instru-
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ment, when, for example, the dose of anaesthetic is not supplied, or due to a failure of
proper patient monitoring. Only in 2.5 % of cases it is not possible to determine the cause
(3). According to expert literature, there exists evidence showing that approximately 87 %
of cases of perioperative awareness may be accounted for insufficient depth of GA (4).
However, only a limited amount of information is available in the modern paediatric anaes-
thesiology literature regarding perioperative awareness; the incidence of perioperative
awareness in children is presented between 0.8 % (2005) and 5 % (1973) (5, 6). Contrary
to the adult population, laryngospasm presents a potentially significant complication of
too shallow anaesthesia in children (7). Several studies have presented poor and indirect
evidence about the BIS value being a poor and indirect predictor of complications in the
course of placement and removal of the laryngeal mask (8, 9). Perioperative awareness may
result in significant psychological complications in the post-operative period (e.g. post-
traumatic stress disorder), and the patients may suffer from long-term and serious conse-
quences (10, 11).

The depth of GA in our study was assessed using the BIS Vista monitor (Covidien), and
was determined by the value of bispectral index (BIS). BIS is a dimensionless, numerical
parameter, which is obtained from EEG data with continuous power spectral analysis and
calculation of the degree of phasing among various frequencies of the EEG signal. The BIS
value is a number between O (unconscious patient — isoelectric EEG curve) and 100 (fully
awake patient) (12).

The main motto of the study was the presumption that one of the aims of anaesthetists is
to prevent perioperative awareness, and thus the GA is managed rather towards “greater
depth”, which is associated with an increased consumption of anaesthetics, longer time of
recovery from GA, and other side effects. The study had the following aims: to verify,
whether the presence of GA depth monitoring using BIS monitor in children in the course
of a surgical procedure leads to a shortening of the period of recovery from GA, and a lower
consumption of the inhalation anaesthetic when compared with GA patients without mon-
itoring the depth of anaesthesia.

METHODS

The study design was approved by the Local Ethics Committee of the University Hospital
Ostrava. The study subjects enrolled in the study were paediatric patients from the 28" day
of age to 18 years of age, including, and classification ASA I. The BIS group is character-
ized with monitoring the depth of GA using the BIS monitor and management of the hyp-
notic component of GA towards BIS values between 40 and 60. The non-BIS group is char-
acterized with management of the hypnotic component of GA according to minimal alveolar
concentration (MAC), appropriate for the age of the child, without monitoring the depth of
GA. Randomization was performed using the envelope method.

Protocol of GA management

Induction of GA was either inhalation: sevofluranum (Sevorane), with constant flows of
gases O,+AIR in the ratio of 1:1 (2 1/min), or intravenous: propofolum (Propofol 1%) (2-2.5
mg/kg iv.), furthermore analgesia using sufentanil citras (Sufenta) (0.1-0.3 ug/kg iv.), and
relaxation, if needed: mivacurium chloride (Mivacron) (0.1-2 mg/kg iv.), or atracurii besilate
(Tracrium) (0.3-0.6 mg/kg iv.). The maintenance stage of GA was standardly managed in
the following way: hypnotic component of GA with titration of the dose of Sevoflurane, with
the aim of achieving the value of BIS between 40-60 in the BIS group, or the aim of achiev-
ing the MAC value appropriate for the age of the child in the non-BIS group, with a defined
flow of carrier mixture of gasses (O,+AIR, in the ratio of 1:1, with the flows of 0.5:0.5 1/min),
and analgesia with Sufentanil (0.1-0.3 ug/kg iv.), and if needed relaxation with mivacurium
(0.1 mg/kg iv.) or atracurium (0.1-0.2 mg/kg iv.).
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Statistics

Description statistics was used for the basic description of the patient file (median, arith-
metic mean, standard deviation, frequency tables with absolute and relative counts). In
order to evaluate the differences between the BIS and non-BIS groups, chi-square test was
used for the qualitative markers. In order to analyse quantitative data, Shapiro-Wilk test of
normality was used, and, based upon this test, non-parametric Mann-Whitney test was per-
formed. Box plots were used for graphic representation. In order to analyse the relation
between MAC and BIS, correlation and linear regression were applied. All statistical tests
were assessed at the level of significance of 5%. The results were processed using the Stata
software, version 13.

RESULTS

The BIS group consisted of 51 patients, the non-BIS group of 50 patients. The patients
were divided into three age groups: O-1 year, 2-6 years, and 7-18 years. The largest number
of patients was in the middle age group - children between one year and six years of age
represented 60 % of the patient population. No statistically significant differences were
observed between the BIS and non-BIS groups as far as age distribution is concerned
(p = 0.932). Among all diagnoses due to which the children were undergoing surgical pro-
cedures, the surgical diagnoses of hernia (inguinalis, umbilicalis, scrotalis), hydrocela
(56 % in total), and retentio testis (19 %) were the most common. No statistically significant
difference in the representation of diagnoses was observed among the BIS and non-BIS
groups (p = 0.410).

In order to assess the individual stages of GA, including the time interval required for
emergence from GA, the following time points were recorded in the course of every anaes-
thesia: time T1 (min): start of the surgical procedure (SSP), time T2: moment, when zero

Table 1: Individual stages of GA and the total duration of GA in the BIS and non-BIS groups

Stage of | Group Number | Median Mean SD Min. Max. p-value*

GA (min)

Stage 1 BIS 51 10 10.3 3.75 4 20

(T1) 0.0671
non-BIS 50 11 11.9 4.47 5 30

Stage 2 BIS 51 16 28.3 27.60 5 138

(T2-T1) 0.3395
non-BIS 50 20 30.1 29.71 7 170

Stage 3 BIS 51 4 3.9 1.89 1 10

(T3-T2) 0.4089
non-BIS 50 3 4.0 2.99 1 15

Stage 4 BIS 51 & 4.1 3.46 1 17

(T4.T3) 0.0017
non-BIS 50 B 5.1 2.22 1 10

Total BIS 51 37 46.6 28.69 19 155

duration 0.2876

of GA (T4) | non-BIS 50 40 51.0 34.34 20 210

* Mann-Whitney test; (T1 (min): start of the surgical procedure (SSP), T2 (min): moment, when zero
concentration of inhalation anaesthetic was set on the vaporizer, T3(min): end of surgical procedure
(ESP), T4(min): removal of the device securing breathing passageways)
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concentration of inhalation anaesthetic was set on the vaporizer, time T3: end of surgical
procedure (ESP), and time T4: removal of the device securing breathing passageways (laryn-
geal mask, intubation cannula); based upon the differences in these times, the length of
individual stages of GA was determined, GA: stage 1 = T1, stage 2: T2-T1, stage 3 = T3-T2,
stage 4 = T4-T3.

Table 1 shows the individual time intervals: stage 1, stage 2, stage 3, stage 4, and the total
duration of GA. From the data in the table it is clear that the times in the BIS group were
mostly shorter when compared to the non-BIS group, however, statistical difference was
observed only in stage 4, when the time in the BIS group in this stage was significantly
shorter than in the non-BIS group (p = 0.0017).

When assessing the difference of T4-T2 times, no statistically significant difference of mid-
dle values between the BIS and non-BIS group was observed (p = 0.063), although the val-
ues in the BIS group were lower (Table 2, Figure 1); nevertheless, as clearly apparent from
Figure 1, outliers were present in the patient file (in both BIS and non-BIS groups). These
outliers represented “patients with complications after waking up”, and these values may
have distorted the results. For this reason, one more comparison was performed, with exclu-
sion of these patients. After removal of these values from the patient file, we observed a sta-
tistically significant difference in the middle differentiation of T4-T2 times (p = 0.017). This
time period was shorter in the BIS group. From the total number of 101 patients, 6 patients
were excluded due to them being outliers, the cause of which was a longer period of emer-
gence from GA (4 patients in the BIS group, 2 patients in the non-BIS group).

Table 2: T4-T2 (min) (without outliers, with outliers)

T4-T2 (min)
Patient file Group Arithm p-value*
Number | Median etical SD Min. Max.
mean
Total file BIS 51 7.0 8.1 3.68 3.0 21.0
0.0634

non-BIS 50 9.0 9.1 .7 4.0 23.0
Excluding the
patients with | BIS 47 7.0 7.3 2.36 3.0 13.0
complications 0.0172

non-BIS 48 9.0 8.6 2.76 4.0 14.0

* Mann-Whitney test

Statistically significant difference was observed in the length of stage 4 (T4-T3)
(p = 0.0017) (Table 1), which also characterizes the period of emergence from GA. The aver-
age value (mean + SD) was the following: BIS 4.1 + 3.46 min / non-BIS 5.1 + 2.22 min.

For the induction of GA, inhalation induction was used in 77 %, intravenous induction in
23%; no statistically significant difference was observed between the BIS and non-BIS
groups (p=0.444).

In order to determine the consumption of the inhalation anaesthetic with MAC, we utilized
the fact that in order to reach a higher MAC value, greater amount of the inhalation anaes-
thetic is required (under conditions of constant flow of gasses). To be able to determine the
consumption of the inhalation anaesthetic, GA was divided into three consecutive stages:
stage A: from the start of anaesthesia until the SSP moment, stage B: from SSP until the
moment, when zero concentration of inhalation anaesthetic was set on the vaporizer, and
stage C: from the moment of shutting-off the inhalation anaesthetic until the moment of
removing the device for securing breathing passageways.
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Table 3: MAC and BIS values in the course of GA: stages A, B, C
MAC BIS
Inhalation induction Intravenous induction
Stage
non- Inhalation | Intravenous

Group BIS |non-BIS|p-value*| BIS BIS | p-value* | induction | induction |p-value*
Number| 79 83 7 8 69 34
Median | 2.20 2.20 1.10 | 0.55 46 68
Mean 2.25 2.26 1.24 0.73 46.9 64.1

A 0.8654 0.2446 0.026
SD 0.654 | 0.704 0.714 | 0.413 18.04 30.58
Min. 1.0 0.9 0.2 0.3 15 17
Max. 3.7 39 2.4 1.3 96 97
Number| 125 167 61 85 120 61
Median | 1.50 1.50 1.10 1.20 50 40
Mean 1.60 1.48 1.23 | 1.28 49.9 5.3

B 0.0377 0.0043 <0.001
SD 0.403 | 0.288 0.468 | 0.265 10.05 12.54
Min. 0.9 0.7 0.4 0.4 27 5
Max. 2.6 2.8 2.9 1.9 73 58
Number| 124 108 37 44 124 36
Median | 0.50 0.60 0.50 | 0.60 63.5 61
Mean 0.73 0.73 0.57 | 0.70 60.6 55.0

C 0.5133 0.0547 0.046
SD 0.503 | 0.420 0.393 | 0.369 10.36 14.85
Min. 0.2 0.2 0.1 0.2 28 13
Max. 2.4 1.7 2.1 1.4 77 73

* Mann-Whitney test; (Stage A (min): from the start of anaesthesia until T1 (SSP), stage B (min): from
T1 to T2, stage C (min): from T2 to T4)

Table 4: BIS and MAC values at time T4 (time of removal of the device for securing breathing pas-

sageways)
Group Parameter | Number | Median | Arithmetical mean SD Min. Max.
MAC4 51 0.3 0.31 0.09 0.1 0.4
BIS
BIS4 50 68.0 68.6 3.88 60.0 77.0
non-BIS MAC4 50 0.3 0.34 0.09 0.2 0.6
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In this study, MAC and BIS values were determined in time T4, i.e. the time of removal of
the device for securing breathing passageways. The MAC and BIS values did not differ sig-
nificantly at this time (p = 0.0971).

While examining the relation between MAC and BIS, when both of these quantities deter-
mine the depth of GA, using the statistical data obtained in the course of the study, MAC
and BIS values were placed collectively (stages A, B, C) into two charts (according to the
induction of GA: inhalation, intravenous); subsequently, the following two charts were mod-
elled:

> Group of patients with inhalation induction of anaesthesia (Group 1): (correlation
coefficient: r = -0.57)BIS = 66.2 — 9.80 MAC

> Group of patients with intravenous induction (Group 2): (correlation coefficient: r =
-0.65)BIS = 61.3 - 18.83 MAC

From Fig. 1, as well as the regression coefficients it is apparent, that the curve is steeper
in Group 2, which means that with identical BIS values in Group 2, the MAC value is lower
than in Group 1.

Stages A, B, C

Inhalation induction Intravenous induction
100

BIS

MAC MAC

Fig. 1: Relation between MAC and BIS (stages A, B, C): inhalation induction,
intravenous induction

DISCUSSION

In order to compare the time of emergence from GA in the BIS and non-BIS groups, two
time intervals were defined. The first interval: from the moment when zero concentration of
inhalation anaesthetic was set on the vaporizer (time T2) until the moment of removal of the
device for securing breathing passageways (time T4). The second interval: from the time of
the end of the surgical procedure (time T3) until the moment of removal of the device for
securing breathing passageways (time T4). The following values were observed in the BIS
and non-BIS groups: interval T4-T2 (min): BIS group: 8.1 + 3.68 min / non-BIS group 9.1
+ 3.73 min; the period in the BIS group is shorter, however, the difference is not statisti-
cally significant (p = 0.0634). After excluding the outliers due to significantly longer period
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of emergence from GA (BIS group: 4 patients, non-BIS group: 2 patients), the differences
became statistically significant: interval T4-T2 (min): BIS group: 7.3 +2.36 min, non-BIS
group: 8.6 + 2.76 min (p = 0.0172). Interval T4-T3 (min) is already statistically significant;
BIS group: 4.1 * 3.46 min, non-BIS group: 5.1 £ 2.22 min (p = 0.0017). Based upon the
above-presented results, it is possible to conclude that GA management with monitoring the
depth of GA decreases the time of emergence from GA. The T4-T3 interval in our study (BIS
group: 4.1 + 3.46 min / non-BIS group: 5.1 + 2.22 min) correlates with the interval observed
in the study of Panchal (13), which presents identical time interval (recovery time), corre-
sponding with the T4-T3 interval in our study: 5.75 + 1.07 min; this time is shorter both in
the BIS and non-BIS groups. It is also possible to find several other studies in the litera-
ture, which present a shorter time of emergence from GA in older children, in relation to the
presence of BIS monitoring in the course of GA; the results of our study also support these
observations (14, 15, 16).

In order to determine the consumption of inhalation anaesthetic in individual stages of
GA, we used the MAC value. We based our procedure on the presumption that the depth of
GA will be monitored more precisely and more exactly in the BIS group when compared to
the non-BIS group. We evaluated the group with inhalation induction and the group with
intravenous induction separately. In the group of patients with inhalation induction in the
initial stage of GA, i.e. from the induction until the start of the surgical procedure, the fol-
lowing values were observed: MAC: BIS groups: 2.25 + 0.654 / non-BIS group: 2.26 + 0.704;
the values did not differ in the maintenance stage of GA: BIS group: 1.60 + 0.403 / non-BIS
group: 1.48 + 0.288 and in the last stage of GA (from the moment of shutting-off the inflow
of inhalation anaesthetic until the moment of removing the device for securing breathing
passageways): BIS group: 0.73 + 0.503 / non-BIS group: 0.73 + 0.420. In the group of
patients with the intravenous induction, in which the number of patients was significantly
lower, we obtained the following MAC values: induction of GA: BIS group: 1.24 + 0.714 /
non-BIS group: 0.73 + 0.413, maintenance stage of GA: BIS group: 1.23 + 0.468 / non-BIS
group: 1.28 + 0.265, and the last stage of GA (from shutting off the inflow of inhalation
anaesthetic until removing the device for securing breathing passageways): BIS group:
0.57 + 0.393 / non-BIS group: 0.70 + 0.369 (Table 3). In the group of patients with inhala-
tion induction, in three consecutive stages of GA, in both BIS and non-BIS groups, no dif-
ferent MAC values were observed. In the group of patients with intravenous induction, we
observed differences in MAC values, mainly in the induction stage of GA, when the MAC val-
ues were higher in the BIS group than in the non-BIS group. It is possible to assume that
in case of intravenous induction of GA, without monitoring the depth of GA, there exists
later onset of the inhalation anaesthetic, and thus exists a higher probability of periopera-
tive awareness. This stage of GA following administration of intravenous anaesthetic, until
the onset of inhalation anaesthetic is critical in the sense of incidence of perioperative
awareness; the importance of monitoring the depth of GA in this situation is stressed also
in expert literature (2). We did not observe any lower MAC value in the BIS group of patients,
and we did not prove the fact that GA management using BIS monitor decreases the con-
sumption of inhalation anaesthetic when compared to GA managed without BIS monitoring.

In adult patients, we observed that the use of BIS monitoring decreases the incidence of
perioperative awareness in high-risk patients (17). Also several studies examining the use of
BIS, Narcotrend index, and entropy have proven a decreased amount of the anaesthetic
used, decreased incidence of perioperative awareness, and shortening of the period of emer-
gence from GA. However, the observed improvements are mostly minor, and some of the
analysed studies did not obtain any evidence about improvement of these outcomes (18).
The practice of administration of anaesthesia in children widely differs, and there exist
arguments for, as well as against the need of monitoring the depth of GA in children (7). The
incidence of perioperative awareness in children is lower than in adult patients (6, 19). It
has been proven that monitoring the depth of GA may prevent the occurrence of too-shal-
low anaesthesia, which means preventing the main complication of paediatric anaesthesia:
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laryngospasm. Furthermore, it has been proven that the BIS value is a poor predictor of
complications during insertion and removal of devices for securing breathing passageways
(8, 9). The study performed by Schwartz, with the patient group of 240 children, assessing
the BIS monitoring in children in the course of maintenance stage of GA (20) showed a sig-
nificant variability and surprisingly high values of BIS in a large proportion of paediatric
patients; data obtained in the study suggest, that BIS monitor is not a reliable monitor of
GA depth. On the contrary, the summary presented by Davidson shows that BIS monitor-
ing is the most studied means of monitoring depth of GA, and although its use may find
justification in older children, its use in new-borns cannot be recommended (7).

When assessing the interval of emergence from GA in the BIS and non-BIS groups, we
observed MAC and BIS values in time T4, i.e. at the moment of removal of the device for
securing breathing passageways. The observed MAC values did not differ in the BIS and
non-BIS groups: BIS group: MAC (0.31 £ 0.09), and corresponding BIS (68.6 + 3.88)/ non-
BIS group: MAC (0.34 + 0.09) (Table 4). When compared to the study performed by Panchal,
with a similar design (13), which also presents MAC and BIS values corresponding with time
T4: BIS (75.4 = 5.97) and MAC (0.07 * 0.16), the BIS values in our study are lower (and
MAC values accordingly higher): MAC (0.31 £ 0.09), BIS (68.6 + 3.88); nevertheless, in our
study, we did not observe any post-operative complications at the recovery room among our
study group of 101 patients, and the presented MAC and BIS values may be regarded as
safe for removal of devices for securing breathing passageways.

When studying the relation of MAC and BIS values, based upon the data obtained in our
study, we managed to identify an inverse linear dependency (Figure 1), in accordance with
the results of studies performed by Panchal and Denman (13, 21). In case of intravenous
administration of medicines, the curve is steeper, which means that identical BIS value cor-
responds with a lower MAC value; furthermore, the figure shows a higher variance of BIS
values (towards the values below 40, as well as values above 60), which confirms and
strengthens the importance of GA depth monitoring in the case of intravenous administra-
tion of medicines, in accordance with published literature.

CONCLUSIONS

The use of BIS monitoring in the course of GA in paediatric patients shortens the period
of emergence from GA, and does not decrease the consumption of inhalation anaesthetic,
when compared to GA without monitoring the depth of GA.

The use of BIS monitoring in the course of GA in children does not affect the value of MAC
at the moment of removing the device for securing breathing passageways at the end of GA;
the value of MAC remains identical, regardless whether BIS monitoring is present or not.

There exists an inverse linear dependency between the values of MAC and BIS.

The importance of monitoring the depth of GA with the BIS monitor is enhanced with the
intravenous administration of anaesthetics (Propofol).
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