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Abstract

Background:Tracheal intubation is one of the strongest stimuli during general anaesthesia and may resultin an insuf-
ficient depth of anaesthesia. The aim of the study was to compare the clinical evaluation of the depth of anaesthesia
with an evaluation using entropy during inhalational and intravenous induction of general anaesthesia.

Methods: This study involved 60 patients undergoing elective surgery under general anaesthesia. Patients were
divided into two groups, group E (etomidate induction) and group S (sevoflurane induction). The systolic arterial
pressure (SAP), heart rate (HR), response entropy (RE), and state entropy (SE) were determined at the following seven
measurement points: before anaesthesia induction, at the loss of consciousness (LOC) point, before tracheal intuba-
tion, immediately after intubation, and 2 min, 4 min and 6 min after tracheal intubation. An increase in HR and/or SAP
of more than 20% and/or the occurrence of lacrimation and/or perspiration in response to tracheal intubation was
considered a marker of inadequate anaesthesia in the clinical evaluation. The depth of anaesthesia was considered
insufficient according to entropy monitoring if the RE and SE were above 60.

Results: In clinical evaluation, insufficient anaesthesia in response to tracheal intubation was observed in all the
patients in group E and in more than half of the patients in group S. At the same time, the majority of patients in
both groups had entropy values that did not exceed the recommended value as an appropriate level of anaesthesia.
Conclusions: We found a discrepancy in the evaluation of the depth of anaesthesia based on clinical criteria compared
with evaluations based on entropy values during both intravenous and inhalational induction of general anaesthesia.
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Areliable assessment of the depth of anaesthesia during
the induction of general anaesthesia is difficult. The use of
striated muscle relaxants to facilitate tracheal intubation
and excitation of the autonomic nervous system, which
frequently accompanies intubation, can contribute to the
misinterpretation of the depth of general anaesthesia. Ac-
cording to the 5" National Audit Project (NAP 5) carried out
in the United Kingdom in 2011 to identify cases of accidental
awareness during general anaesthesia, 47% of all reported
cases occurred during the induction of general anaesthesia
orimmediately after, but before surgical manipulations [1].

One of the methods available to monitor the level of
general anaesthesia is an entropy-based analysis of the
bioelectrical cerebral cortex activity. Entropy is character-
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ised by the following two parameters: state entropy (SE),
consisting mainly of EEG signals and reflecting the cerebral
cortex state; and response entropy (RE), consisting of both
EEG and frontalis EMG signals [2]. SE and RE values within
therange of 40—60 are considered sufficient for anaesthetic
sleep, with a low probability of accidental awareness [3, 4].

The aim of the present study was to compare the assess-
ment of the depth of anaesthesia using clinical parameters
versus entropy during inhalational and intravenous induc-
tion of general anaesthesia.

METHODS
A prospective study was carried out; the study design
was approved by the local bioethics committee (NKEBN/
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/78/2008). The study encompassed 70 ASA I-lll patients
aged above 18 years of both sexes undergoing surgical
procedures requiring general anaesthesia. Patients were
randomly assigned to group S (inhalational induction with
sevoflurane) or group E (intravenous induction with etomi-
date). The exclusion criteria were as follows: CNS disorders,
alcohol or drug abuse, contraindications for etomidate or in-
halational induction of anaesthesia, central neuraxial block-
ades and anticipated difficult airway access. In addition, at
least two unsuccessful attempts of tracheal intubation were
considered secondary exclusion criterion.

All the patients were pre-medicated with oral mida-
zolam at a dose of 0.05-0.1 mg kg™. In group E, general
anaesthesia was induced with etomidate at a dose of 0.3 mg
kg™, whereas sevoflurane was administered in group S us-
ing the single- or multiple-breath vital capacity method.
During induction, 1-2 pg kg™ of fentanyl and 0.15 mg kg™
of cisatracurium were administered in both groups. All the
patients underwent tracheal intubation 3 minutes after the
administration of cisatracurium. Until intubation, face mask
ventilation was applied using 100% oxygen (group E) or
a mixture of sevoflurane and 100% oxygen to achieve the
end-expiratory sevoflurane concentration of approximately
1.5 MAC, according to age (group S). After intubation, lung
ventilation was initiated in both groups using the mixture
of 30% oxygen and 70% air as well as sevoflurane at the
end-expiratory concentration of approximately T MAC.

Vital and entropy parameters were continuously moni-
tored.The heart rate (HR), non-invasive systolic arterial pres-
sure (SAP), RE and SE were determined and analysed at the
following measurement points: T, — before induction of
anaesthesia, T, — on loss of consciousness (LOC), T; — im-
mediately before tracheal intubation, T, — after tracheal
intubation, Ts — 2 minutes after, T¢ — 4 minutes after and
T, — 6 minutes after tracheal intubation. The depth of an-
aesthesia was assessed by the anaesthesiologist based on
haemodynamic changes and the presence of lacrimation
and/or perspiration. Moreover, the values of RE and SE pa-
rameters were invisible for the anaesthesiologist and were
recorded at appropriate measurement points.

The haemodynamic changes in response to tracheal
intubation were considered significant when the HR and/or
SAP increased by more than 20% compared to values re-
corded before laryngoscopy and tracheal intubation. The
above clinically assessed changes as well as lacrimation
and/or perspiration in response to tracheal intubation were
considered evidence of an insufficient level of anaesthesia.
Hypotension was defined as a decrease in SAP below 90 mm
Hg and was treated with accelerated infusions of fluids. Val-
ues of RE and SE above 60 weighted in favour of insufficient
depth of sleep, whereas those below 40 indicated too deep
of a sleep.

The final statistical analysis was carried out in 60 pa-
tients. Ten patients were excluded from the final analysis,
including three patients because invasive arterial pressure
measurements could not be attained, three patients due to
difficult airway access and four patients because of interrup-
tions in the display of entropy parameters.

Statistica for Windows 9.1 software was used (Statsoft,
Tulsa, OK USA). The data distribution was evaluated us-
ing Student’s t or the Mann-Whitney U tests; data were,
respectively presented as a mean + SD or median [quartile
deviation]. Normal distribution of interval scale data was
obtained by calculating common logarithms of the val-
ues. The interval scale data were compared using ANOVA
and post-hoc Tukey's HSD test, and the qualitative data
were compared using the x? or Fisher’s test. P < 0.05 was
considered statistically significant.

RESULTS

The characteristics of the patients are presented inTable 1.
In both groups haemodynamic and entropy parameters
decreased until the airway was secured.

Significant haemodynamic changes in response to tra-
cheal intubation were observed in all group E patients and
in over half of group S individuals (P = 0.0001) (Fig. 1).

Only a low percentage of patients with significant
haemodynamic changes had RE and SE values higher
than 60 (Fig. 2).

Table 1. Characteristics of patients

Group E Group S Pvalue
(n=30) (n=30)
Age (years) 60.5(52-67) 50.5(42-65) 0.12
Body mass (kg) 725+119 759+153 034
Gender (F/M) 16/14 14/16 0.60
ASA scale (I/11/111) 2/24/4 5/18/7 0.23

100%
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Figure 1. Haemodynamic response to tracheal intubation in group E
and S (inside the bars — the number of patients)
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Figure 2. Percentages of patients with significant haemodynamic
changes in response to tracheal intubation according to RE and SE
values in group E and S (inside the bars — the number of patients)

The haemodynamic response was increased in group
E. There were no inter-group significant changes in RE and
SE in response to the tracheal intubation, although the
RE and SE values after intubation were higher in group E.
The parameters analysed in both groups at the individual
measurement points are presented in Table 2.

The presence of lacrimation and/or perspiration in re-
sponse to the tracheal intubation was found in 17% of group
E patients and in 3% of group S individuals (P=0.19). Moreo-
ver, significant haemodynamic changes were observed in
the patients of both groups, whereas the values of RE and
SE did not exceed 60 in either group.

Pre-intubation hypotension was observed in 10% of
group E patients and 43% of group S patients (P=0.007) and
post-intubation hypotension in 7% and 33%, respectively

Table 2. The parameters analysed (means + SD)

Figure 3. Percentages of patients with SE values lower than 40 at
individual measurement points in group E and S (inside the bars
— the number of patients)

(P=0.02).The percentages of patients with SE values lower
than 40 at individual measurement points are presented
in Fig. 3.

DISCUSSION

The provision of a sufficient depth of general anaes-
thesia is of the utmost importance. Anaesthesia that is too
deep can be associated with cardiovascular instability, pro-
longed recovery from anaesthesia, cognitive disorders and
increased postoperative mortality [5, 6]. Anaesthesia that
is too light can lead to accidental awareness and result in
permanent changes, such as sleep disorders, irritability,
anxiety and posttraumatic stress, which can result in mal-
practice lawsuits against anaesthesiologists [7]. During the
induction of general anaesthesia, laryngoscopy and tracheal

Parameter Measurement point
T T2 (LOC) T3 T4 T5 T6 T7
HR (min™)
Group E 70.6 +13.0 63.8+9.5 60.3+10.9 81.2+17.6% 73.1+15.1 66.8+17.8 62.6+103
Group S 726+ 135 757 +153% 62.8 +10.5 80.3+17.6° 728+17.5 64.7 £10.6 613+99
SAP (mm Hg)
Group E 1456+ 16.0 1337+ 180 116.7 +22.28 167.3 +24.78 1415+ 26.6 116.6 +22.0 106.5+ 15.8
Group S 143.1£259 124.8 £ 2558 98.9+19.0%  1212£334%* 1129+ 26.0% 1042 £20.1 988+17.3
RE
Group E 96.6 +3.9 78.2+28.78 39.2+103% 463+153 440107 426+97 443+10.8
Group S 97.3+2.1 823+21.38 312+1238 345+ 154*% 38.1+132 443+137 460+128
SE
Group E 872432 69.8 + 26.1% 37.2+99% 417 +13.9 421+105 416+94 429+100
Group S 882+20 754208 29.9 412,08 30.9+12.2% 36.7+124 430+13.4 4514125

*P < 0.05 between group E and S at a given measurement point; SP < 0.05 compared to the previous measurement in the group; LOC — loss of consciousness; other

abbreviations are explained in the text
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intubation are two moments when the depth of general
anaesthesia can become lighter [8].

In our study, haemodynamic and entropy parameters
gradually decreased until the airway was instrumentally se-
cured, which was consistent with previous findings [9, 10]. In
response to tracheal intubation, significant haemodynamic
changes were observed in both groups. An increase in SAP
was found to be higher in the intravenous induction group
compared to the inhalational group, which was also dem-
onstrated in a study by Karpel and colleagues [11].

According to Wujtewicz [12], premedication with mida-
zolam caused lesser haemodynamic responses to tracheal
intubation, compared with patients given standard care. In
our study, all patients were pre-medicated with midazolam,
and the inter-group differences in haemodynamic responses
seem to result predominantly from the type of induction of
general anaesthesia.

Each case of lacrimation and/or perspiration was accom-
panied by significant haemodynamic changes. The haemo-
dynamic response in those patients was significantly higher
compared to patients without this type of reaction. Similar
findings were reported by French researchers [13].

According to the criteria assumed, the clinically assessed
insufficient depth of anaesthesia in response to tracheal
intubation was demonstrated in all patients in the intra-
venous induction group and in over half of those in the
inhalational induction group. It is known that the haemo-
dynamic response comes from the subcortical region of
the nervous system (brain stem and hypothalamus) and
intravenous anaesthetics (e.g., etomidate), in contrast to in-
halational anaesthetics, do not suppress these regions [14].
This can explain the significant haemodynamic changes in
all the patients undergoing etomidate-induced general an-
aesthesia. The above-mentioned French authors, using the
same clinical criteria, showed that after tracheal intubation
65% of patients were too lightly anaesthetised [13]. They
used an infusion of remifentanil; therefore, it is likely that
this lower percentage of patients compared to the percent-
age found in our study with the intravenous group might
have resulted from weakened haemodynamic responses
to the tracheal intubation caused by the continuous infu-
sion of remifentanil [15]. According to some other authors,
neither 1 MAC sevoflurane used for intravenous induction
or maintenance of the end-expiratory sevoflurane concen-
tration at 2 MAC fully prevented enhanced haemodynamic
responses to intubation [16, 17]. In our study, the concen-
tration of sevoflurane in the inhalational induction group
before intubation was maintained at the level of 1.5 MAC,
and significant haemodynamic responses were observed
in over half of the patients.

The parameters of entropy did notincrease in response
to tracheal intubation in either group. Gao and co-workers,

who induced general anaesthesia intravenously, did not find
significant increases in SE and RE in response to intubation.
In contrast, some authors observed an increase in one or
both parameters of entropy [19, 20].

The RE parameter reflects both the EEG signal of the
cerebral cortex and the frontalis EMG signal. The SE param-
eter consists mainly of the EEG signal and a small part of
EMG in the range of 30—32 Hz. Thus, the striated muscle
relaxants inhibiting the muscle activity can affect both
entropy parameters [21]. According to our findings, RE
and SE values after tracheal intubation were higher in the
intravenous induction group compared to the inhalational
induction group. All our patients received cisatracurium;
therefore, the inter-group difference observed could have
resulted from the effects of cisatracurium. The other re-
searchers demonstrated that sevoflurane acting at the
spinal cord level could suppress the motor reaction, thus
modifying the values of entropy parameters [22, 23]. This
could explain the lower RE and SE values observed in our
study after tracheal intubation in the group of patients
undergoing inhalational induction.

In the majority of patients with an insufficient level of
general anaesthesia in response to the tracheal intubation
found on clinical assessment, the parameters of entropy
did not exceed the upper limit considered to be the proper
level of anaesthesia. In approximately half of the group
E patients as well as in over half of the group S patients,
the parameters in question indicated an extremely deep
anaesthetic-induced sleep. The presence of lacrimation
and/or perspiration was also not accompanied by increased
values of entropy parameters. Similar results were reported
in other publications; despite the distinct haemodynamic
response to the tracheal intubation, the parameters of
entropy remained within the recommended limits in the
majority of patients [13, 18]. The above confirms that the
haemodynamic response to tracheal intubation does not
have to indicate an insufficient level of anaesthetic sleep.

The reports suggesting that an excessive depth of an-
aesthesia could be associated with increased morbidity and
long-term mortality in anaesthetised patients and cause
marked impairments of cognitive function in elderly pa-
tients are alarming [24, 25]. The elderly show long-term
cognitive deficits even at seemingly correct depths of gen-
eral anaesthesia, assessed with the bispectral index for the
general population [5]. It is implied that these values may
be inappropriate to assess the level of anaesthesia in this
specific population [26].

According to our findings, entropy-assessed levels of
anaesthesia that were too deep throughout the study period
were observed in over 60% of patients in the intravenous
induction group and in 80% of those in the inhalational in-
duction group.The anaesthesia level was assessed based on
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the SE parameter, as it consists mainly of the EEG signal from
the cerebral cortex and is less affected by sevoflurane (as
compared to RE), which is used in the inhalational induction
group [22]. Upon clinical assessment, hypotension can be
the marker of excessively deep anaesthesia. Hypotension
was observed in 10% of patients in the intravenous induc-
tion group and in 43% of those in the inhalational induction
group. A higher percentage of patients with hypotension
found in the inhalational induction group could result from
the effects of sevoflurane on the cardiovascular system. Low
SAP in those patients could have reduced RE and SE values
by reducing cerebral perfusion, which was implicated by
other authors [27, 28] and may have played a role in our
present study.

Although the usefulness of monitors based on EEG
analysis has been recognised for assessment of anaesthetic
sleep depth, the literature reports cases in which the depth
of anaesthesia was misinterpreted [29-31]. Therefore, sub-
stantial modifications of anaesthetic doses exclusively based
on these parameters are not recommended [10]. Continu-
ous clinical assessment of the patient’s condition by the
anaesthesiologist during surgery remains a crucial element
of intra-operative monitoring, despite its low specificity for
the assessment of general anaesthesia depth [32, 33].

Our study has some limitations, which include a wide
age range of participants (i.e., 26—79 years), lack of post-
operative conversations with patients to detect possible
awareness incidents, possible effects of drugs (used for
induction or taken by patients) on the parameters of en-
tropy. Moreover, the criteria for insufficient anaesthesia that
was selected for the clinical assessment could be another
limitation. Various clinical criteria are used in different stud-
ies; therefore, the comparison of results can be hindered.

CONCLUSIONS

1. The clinical assessment of the depth of anaesthesia
differed from the depth assessed with entropy, both
during intravenous and inhalational induction of gen-
eral anaesthesia.

2. Enhanced haemodynamic responses to tracheal intuba-
tion in the form of a significantly increased heart rate
and/or arterial pressure as well as lacrimation and/or
perspiration do not necessarily provide evidence of
an insufficient level of anaesthetic sleep.
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