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Background: The number of skin conductance fluctuations
(NSCF) expresses sympathetic skin nerve activity. The response
entropy (RE) measures electromyographic and electroenceph-
alographic activity in the forehead. The state entropy (SE)
measures mainly electroencephalographic activity. When the
suppression of frontal muscular activity is complete, RE is
equal to SE. RE-A is defined as SE minus RE. The purposes of
this study were to examine whether NSCF and RE-A correlate
with signs of clinical stress during intubation and tetanic
noxious stimulation and to elucidate how rapidly and accu-
rately entropy and NSCF react during emergence from general
anaesthesia.

Methods: Twenty women scheduled for gynaecological lapa-
rotomy were studied. During intubation in remifentanil and
propofol general anaesthesia, NSCF and RE-A were correlated
with the clinical stress score. After a wash-out period, two series
of tetanic stimuli were given, the first with (R+) and the second
without (R-) remifentanil infusion. The tetanic pre-stimuli
periods were compared with the tetanic post-stimuli periods,
and R+ was compared with R-. During emergence, the
responses of entropy and skin conductance were related to the
time of extubation.

Results: NSCF correlated well with the clinical stress score
during intubation (> = 0.73, P < 0.0005). RE-A showed a weaker
correlation (+#* = 0.33, P = 0.007). During tetanic stimuli, the
NSCF pre-stimuli level was lower than the post-stimuli level
(P < 0.001), and the NSCF R+ response was lower than the
NSCF R- response (P = 0.002). RE-A did not show similar dif-
ferences. During emergence, RE reacted before NSCF and SE
(P = 0.003).

Conclusion: NSCF was better than RE-A for the measurement of
clinical stress during intubation, and was sensitive to tetanic
stimuli at different opioid analgesic levels, by contrast with RE-A.
Both modalities were able to predict emergence at the end of
anaesthesia, but RE was more rapid.
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G ENERAL anaesthesia involves hypnosis, analgesia
and areflexia. Different methods based on the
analysis of the electroencephalogram have been
developed to monitor the depth of anaesthesia, such
as the bispectral index (BIS), auditory evoked poten-
tial and state entropy (SE). These methods reveal
similar information about the levels of sedation (1, 2),
but seem to be related more to the hypnotic state of
the patient than to analgesia or the physiological
stress induced by noxious stimulation (1, 3). During
light or intermediate levels of anaesthesia, frontal
electromyographic activity is still present. As the
facial muscles are less sensitive than other muscles
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to the effect of neuromuscular blocking agents,
nociceptive stimuli during inadequate anaesthesia
may be reflected by an increase in frontal electro-
myographic activity, even during adequate neuro-
muscular block (4). Thus, frontal electromyographic
contamination in the electroencephalogram may not
just be an artefact, but may have the potential to be
used as a measure of nociceptive input and adequacy
of analgesia. SE mainly involves electroencephalo-
graphic signals, whereas the response entropy (RE) is
made up of both electroencephalographic and frontal
electromyographic activity. When the suppression of
frontal muscular activity is complete, RE is equal to
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SE. However, RE will be higher than SE in the pres-
ence of frontal electromyographic signals, expressed
by RE-A = SE — RE. The RE response is rapid, with
changes in the measured electromyographic/electro-
encephalographic signal being evident on the mon-
itor in less than 5 s.

The number of skin conductance fluctuations
(NSCF) shows the emotional state as reflected in
changes in the sympathetic nervous system (5).
Activation of the sympathetic nervous system results
in filling of the palmar and plantar sweat glands; the
skin conductance (SC) increases transiently before
the sweat is removed, and then decreases again; an
SC fluctuation is therefore observed.

An increase in NSCF can therefore be interpreted as
an increase in activity in this part of the sympathetic
nervous system (6, 7). The mean SC level decreases
while losing consciousness as a result of decreased
activity in the sympathetic nervous system and less
palmar humidity. During awakening, an increase in
the mean SC level is observed as a result of increased
activity in the sympathetic nervous system and
increased palmar humidity (8). NSCF has been used
to evaluate the nociceptive response in pre-term
infants (9) and during peri-operative stress (8). NSCF
reacts within 2 s after a painful stimulus (9). Haemo-
dynamic variables are often used as an indication of
change during stressful inputs, but are also influ-
enced strongly by circulatory changes and cardio-
vascular-active drugs, and have a low specificity as
a sign of adequate or inadequate anaesthesia or
sedation (10). NSCF involves acetylcholine trans-
mitters acting on muscarine receptors (11, 12), and
is not influenced by hypovoluminous or adrenergic
receptor-active agents.

The purposes of this study were to examine
whether NSCF and RE-A correlate with signs of
clinical stress during intubation and tetanic noxious
stimulation, and to elucidate how rapidly and accu-
rately entropy and NSCF react during emergence
from general anaesthesia.

Methods and subjects

Subjects

The protocol was approved by the regional Ethics
Committee for Human Studies, Oslo, Norway.
Twenty women, aged 39-56 years, scheduled for
gynaecological laparotomy, were enrolled, after hav-
ing given written informed consent. The patients
were ASA group 1 or 2. The exclusion criteria were
known contraindications to potential anaesthetic

drugs, psychoactive medication, neurological disor-
der or neuropathy and the use of atropine or other
anticholinergics in the pre-operative phase.

Apparatus and software

Skin conductance

NSCF and the mean SC level have been described in
detail previously, as has the software program for the
sampling and analysis of NSCF and the mean SC
level (13, 14). The SC data were measured by a three-
electrode system comprising a measuring electrode,
a countercurrent electrode and a reference voltage
electrode placed on the thenar eminence, the hypoth-
enar eminence and the dorsal side of the hand,
respectively. The SC data were stored online using
a Dell Latitude D-800 laptop computer (Dell, Round
Rock, TX), and were analysed offline by a software
analysis package. When analysing the SC data, the
program counted the NSCF and mean SC level
during a 20-s interval. In order to eliminate electronic
noise, the definition of a minimum amplitude was set
at 0.020 wS. However, if peaks were observed man-
ually that were not counted with the threshold of
0.020 p.S, a threshold of 0.015 uS was used instead.

Entropy

The electroencephalographic signal was collected
with a disposable entropy sensor (Datex-Ohmeda
Division, GE Healthcare, Helsinki, Finland) com-
posed of self-adhering flexible bands holding three
electrodes applied to the forehead. The entropy was
measured by two Datex-Ohmeda S/5 Anaesthesia
Compact Monitors furnished with M-Entropy, mea-
surement of inspired and expired gases (M-CaiOV),
neuromuscular transmission (M-NMT) and haemo-
dynamic measurement modules (M-NESTPR). S/5
Collect was employed for the annotation of the
different events using the notes panel. The data
record times of the SC variables were synchronized
with the S/5 AM clock, and S/5 Collect automati-
cally synchronized the S/5 data with the
S/5 monitor. The sampling rate was 400 Hz for SE
and RE. All the data were collected with the same
laptop as used for the SC variables.

Neuromuscular Train of Four (TOF)-Guard

Two stimulating electrodes were placed above the
nervus ulnaris on the wrist of the hand; the mecha-
nosensor was placed from the thumb to the index
finger. Noxious stimuli were given manually using a
tetanic neuromuscular transmission (NMT) at 50 mA

9



A. C. Gjerstad et al.

for 5s, and then three times for 1 s with a 10-s interval
between the stimuli. To test the level of muscle
relaxation during surgery, an ordinary TOF-Guard
was used. A TOF response in the range 1-2 (14
available) was taken as an indication of good surgical
relaxation.

Procedure

The patients received 7.5 mg of midazolam orally as
pre-medication and pre-operative sedation with
propofol and remifentanil. The SC and entropy
variables were monitored during different levels of
pre-operative sedation and auditory stimulation;
these results have been reported previously (15).
For the present report, NSCEF, RE, SE, blood pressure
and heart rate were monitored and stored during
intubation, tetanic stimuli, surgery and extubation,
together with the clinical stress score (Table 1). One
point was given for each clinical stress reaction
present, summing these together to yield a total stress
score. The clinical stress score was estimated online
by observing the patient.

The patients were randomly divided into two
groups, each with 10 patients. The target SE was set
at SE = 30 for one group and at SE = 60 for the other.
The two groups were used to ensure a different level
of sedation during tetanic stimuli, and to examine
whether different levels of propofol influenced the
stress response measured by RE-A and NSCF.

Before intubation, all patients received 4 mg of
cis-atracurium intravenously. A constant target-
controlled infusion (TCI) of 4 pg/ml propofol was
given for the SE = 30 group, and of 2 pg/ml propofol
for the SE = 60 group. If the target SE values were not
reached, propofol TCI adjustments of 0.3 pg/ml
were applied. The TCI of remifentanil was 2 ng/ml
in both groups. To facilitate intubation, many of the
patients received at least one bolus of remifentanil
before intubation. The maximum stress score, maxi-
mum RE-A and maximum NSCF were analysed for

Table 1

Online stress score. For the clinical stress score, one point of
stress was given for each of the reactions; these were summed to
give a total stress score. The clinical stress score was estimated
online by observing the patient.

Large muscle movement

Coughing

Eye opening

Sweating on the forehead

Tears

Face muscle reaction

Systolic blood pressure >130 mmHg
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1 min after intubation. After intubation, there was
a 4-min delay with the TCI at 2 ng/ml remifentanil
before the first tetanic stimulus was conducted
(Fig. 1).

Tetanic stimuli were given in two sessions to each
patient, with (R+) and without (R-) remifentanil: R+
was given first, with a remifentanil effect site con-
centration of 2 ng/ml calculated by the TCI pump;
this was followed by R—, with the remifentanil target
set to zero; a 4-min delay was instituted before a new
tetanic stimulus was given, and this was analysed
similarly to the first tetanic stimulus. The data were
recorded for at least 2 min (Fig. 1). After the two
sessions of tetanic stimulation, surgery was started.
The maximum response to tetanic stimulation was
analysed offline 30 s before and 30 s after the start of
the stimulus for RE-A and NSCF.

During emergence from anaesthesia after the end of
surgery, the mean SC level, NSCF, RE and SE were
measured continuously. The same anaesthesiologist
extubated all the patients according to regular clinical
judgement. The time point at which the tube left the
trachea was denoted as TO. TO was compared with
emergence according to entropy measurements and
SC. To define whether the patient was emerging from
anaesthesia according to the SC variables, we used
a mean increase in the SC level of at least 0.1 uS within
20 s, together with at least NSCF = 2 (16). For the
entropy measurements, an increase in SE and RE to
over 70 or 80 was recognized as emergence. A neg-
ative value was given for the first signs of emergence
in the monitoring equipment before T0, and a positive
value for the first signs of emergence after TO. Reg-
istration lasted for 1 min after extubation. The data
were analysed offline at the different time points.

Statistical analysis

The maximum NSCF and RE-A responses were regis-
tered during intubation and analysed offline before
correlation with the total stress score. A linear regres-
sion analysis was used. The mean of the two pre-
stimuli periods was compared with the mean of the
two post-stimuli periods using the Wilcoxon non-
parametric test. NSCF and RE-A responses during
R+ were compared with those during R- using the
Wilcoxon non-parametric test. To study whether the
level of SE influenced the response to tetanic stimuli,
R+ and R-in the SE = 60 group were compared with
R+ and R- in the SE = 30 group using the Mann—
Whitney U-test. The time intervals from extubation to
emergence for the SC variables, SE and RE were
compared using the Wilcoxon non-parametric test.
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Skin Conductance and Entropy at different levels of anaesthesia
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Fig. 1. Before intubation, the patients were randomly divided into two different groups targeting for different levels of sedation: state entropy
(SE) = 60 and SE = 30. The SE = 60 group was given propofol at a target-controlled infusion (TCI) of 2 pg/ml; 0.3 ug/ml was added if
necessary, together with remifentanil at a TCI of 2 ng/ml (a bolus of remifentanil was added if necessary during intubation). The SE = 30
group was given propofol at a TCI of 4 ug/ml; 0.3 ug/ml was added if necessary, together with remifentanil at a TCI of 2 ng/ml (a bolus of
remifentanil was added if necessary during intubation). After intubation, the patients were maintained at the two different levels of sedation,
SE =30 and SE = 60; remifentanil was maintained at 2 ng/ml for 4 min before skin conductance and entropy responses to tetanic stimulation

were measured at different levels of analgesia.

These data are described as the median and range,
with the 25% and 75% quartiles added for the data
during emergence. All P values are given with the
numerical values. All the tests were performed
using SPSS 12.0 (SPSS Inc., Chicago, IL). The level
of statistically significant values was P < 0.05. P >
0.05 was characterized as not significant (NS).
Owing to the controversy concerning the Bonferroni
method, the data are shown without Bonferroni
correction (17).

Results

Nine of the 20 patients reacted to intubation accord-
ing to the criteria in the clinical stress score, having
a clinical stress score different from zero. NSCF

increased from zero in all of these nine patients and
in two others, with significant correlation found
between the observed and measured stress responses
in the full group of 20 patients (+* = 0.73, P < 0.0005)
(Fig. 2). RE-A increased by > 10 in five of these nine
patients and in two others. RE-A also correlated
with the stress score in the full patient group (* =
0.33, P = 0.007). Fifteen patients had an SE index
below 70 during intubation; four of these had
a positive clinical stress response score. In these
15 patients, the stress score correlated with the
NSCF and RE-A responses. Six of the 15 patients,
including the four with a positive stress score,
showed an increase in NSCF (> = 0.72, P <
0.0005), and four of the 15 patients, including two
with a positive stress score, showed an increase in
RE-A (r* = 0.34, P = 0.02).
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Fig. 2. Skin conductance variables changed during endotracheal intubation. This patient moved her arms and coughed. The response entropy

(RE) was then 97 and the state entropy (SE) was 87.

There was no response during tetanic stimulation,
as judged by the clinical stress score. However, 16 of
the 20 patients reacted to tetanic stimulation accord-
ing to NSCF, and showed an NSCF pre-stimuli level
that was significantly lower than the post-stimuli
level (P < 0.001) (Fig. 3, Table 2). The RE-A pre-
stimuli level was no different from the post-stimuli
level (NS) (Table 2). All of these 16 patients reacted
to tetanic stimulation during R-, but only nine
during R+. The NSCF response during R- was
significantly greater than that during R+, with 14
patients having a higher NSCF value during R-than
during R+ (P = 0.002). The RE-A responses did not
differ between R+ and R~ (Table 2). NSCF showed
a non-significant tendency to be higher during both
R+ and R~ in the SE = 60 group than in the SE = 30
group (Table 3). The post hoc power test showed
that, to find a possible statistical significance of the

observed difference, another 20 patients needed to
be studied (Table 3).

During emergence, SC responded similarly to SE =
70 and SE = 80. However, RE = 70 and RE = 80 were
reached significantly more rapidly than changes in
SC variables, with P = 0.002 and P = 0.03, respec-
tively (Table 4, Fig. 4). In one case, the SC variables
did not increase within 1 min after extubation. In this
case, SE =70, SE = 80, RE = 70 and RE = 80 showed
emergence at 278, 252, 288 and 270 s before extuba-
tion, respectively. In another case, SE = 70, SE = 80
and RE = 80 were not reached within 1 min after
extubation, and RE = 70 was reached within 58 s
after extubation. In this case, the SC variables showed
emergence 2 s before extubation.

The SC variables indicated signs of emergence
before RE = 70 in three patients. Signs of emergence
before extubation (T0) were present in 80%, 80%,
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Fig. 3. Skin conductance variables before, during and after tetanic stimulation.
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Table 2

Skin conductance and entropy during tetanic stimulation. During tetanic stimulation, the mean of the two tetanic pre-stimuli periods was
compared with the mean of the two tetanic post-stimuli periods, and the responses during tetanic stimulation with remifentanil (R+) were
compared with those during tetanic stimulation without remifentanil (R-).

Median Range 25-75% percentiles P values
Mean pre NSCF level 0.0 0.0-0.03 0.0-0.0
Mean post NSCF level 0.04 0.0-0.2 0.03-0.09 0.001
Mean pre RE-A level 2.0 0.5-11.0 0.63-2.5
Mean post RE-A level 15 —-0.5-4.5 1.0-2.0 0.442
NSCF R+ 0.0 0.0-0.15 0.0-0.05
NSCF R- 0.05 0.0-0.4 0.05-0.1 0.002
RE-A R+ 1.0 —2.0-8.0 1.0-2.0
RE-A R— 1.0 0.0-5.0 1.0-3.0 0.28

NSCF, number of skin conductance fluctuations; RE-A, SE — RE.

80%, 95% and 90% for the SC variables, SE = 70, SE =
80, RE = 70 and RE = 80, respectively.

Two patients showed values of emergence (SE > 65
and RE > 80) during surgery that lasted for 30 min
and 35 min, respectively, without any other signs of
stress or awakening or change in the SC variables. In
both of these cases, the propofol doses were in-
creased, just in case, but with no resulting reduction
in RE and SE.

Discussion

This study evaluated the RE-A and NSCF responses
to tracheal intubation stress and noxious stimuli
during general anaesthesia. Moreover, the responses
of SE, RE and SC variables during emergence were
studied. During tracheal intubation, NSCF showed
a significant positive correlation with the clinical
stress score. This correlation was also maintained in
patients in a deeper anaesthetic state, as judged by
low SE values, making NSCF useful even in patients
in deeper levels of anaesthesia. RE-A showed a less
pronounced correlation with the clinical stress score
during tracheal intubation. Seitsonen et al. (18) found
that RE-A measured the responses to skin incision.

Table 3

Response of the number of skin conductance fluctuations (NSCF)
during tetanic stimulation with (R+) and without (R—) remifentanil
in the state entropy (SE) = 30 and SE = 60 groups.

Group
(mean, range)

NSCF, R+
(mean, range)

NSCF, R-
(mean, range)

SE = 30 (37.4, 21-50)
SE = 60 (52, 41-64)

0.015 (0.05-0.10)
0.04 (0.0-0.15)

0.05 (0.0-0.15)
0.11 (0.0-0.3)

The method used as a stress score was movement
only. In our patients, movement was also followed by
high levels of RE and SE (SE > 65). The movement
response, in general, may therefore be a sign of
a wake-up situation, and more sensitive measure-
ment modalities may be beneficial to detect stress at
an earlier stage.

Although parts of the clinical stress score (move-
ment) and electromyographic signals may be abol-
ished by neuromuscular blockers, the dose of
blocking agent in our study was low and both the
stress score and RE-A were still sensitive to in-
tubation stimuli. Messner et al. (19) showed that, in
fully awake subjects, succinylcholine injection
resulted in a profound decrease in BIS values to
the range defined as clinical anaesthesia. They
interpreted this as the electromyographic signal
being an important part of BIS (SW version 3.31).
Messner et al. did not expose their subjects to
noxious stimuli.

In our study, NSCF was more sensitive than RE-A
and the clinical stress score to noxious tetanic stim-
ulation. During concomitant analgesic infusion (i.e.
remifentanil), the stress response from tetanic stimu-
lation was further reduced according to NSCEF,
whereas SE, RE and RE-A were still unresponsive
(Table 3). This may indicate that NSCF is a more
sensitive detector of subclinical stress than the other
monitoring indices. Furthermore, NSCF may be used
to monitor the opioid analgesic effect in the uncon-
scious patient, as the response was decreased when
opioid was added to propofol-based general anaes-
thesia during standardized noxious stimulation.
Alternatively, electroencephalographic bicoherence
has previously been found to be sensitive to noxious
stimulation. Noxious stimulation decreased the
peak heights of electroencephalographic bicoherence,

13
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Table 4

Skin conductance and entropy during emergence after surgery. During emergence after surgery, skin conductance (SC) was compared
with response entropy (RE) and state entropy (SE). Median, range and 25% and 75% percentiles are given in seconds from the extubation
time point. Negative values are before extubation and positive values are within 60 s after extubation. One patient did not reach
emergence according to SC within 60 s after extubation, and another patient did not reach emergence according to SE = 70, SE = 80 and

RE = 80 within 60 s after extubation.

SC (n = 19) SE 70 (n = 19) SE 80 (n = 19) RE 70 (n = 20) RE 80 (n = 19)
Median -14 —24 -9 -50 -33
Range —63 to +27 —278 to +2 —252 to +7 —288 to +58 —270 to +1
25—-75% percentiles —27 to -7 —55t0 —12 —38to —4 —78 1o —23 —69to —12
P value 0.2 0.9 0.002 0.03

and this effect was counteracted by fentanyl analge-
sia (20).

A method is needed to measure the level of
analgesia during general anaesthesia. Without anal-
gesia, the high concentrations of hypnotic anaes-
thetics required to prevent patient reaction during
surgery would delay post-operative recovery from
anaesthesia. Hypnotic anaesthetics are generally
unable to fully suppress brain responses to noxious
stimulation at clinical doses (21, 22).

RE, SE and SC variables predicted emergence,
with RE being the most rapid predictor. During
emergence after surgery, RE = 70 was reached
significantly more rapidly than changes in the SC
variables (P = 0.002). However, there are individual
variations. One patient showed a good prediction of
emergence according to the entropy parameters, with
the SC parameters delayed. In another patient, the
situation was reversed, with SC as the better pre-
dictive modality.

RE and the SC variables thus seem to provide
supplementary information to each other during
emergence, possibly because they act by different

physiological mechanisms. A faster indication of
emergence from anaesthesia has been reported pre-
viously with RE than with SE and BIS (23). The
finding that RE indicates emergence earlier than SE
and BIS can partly be explained by the different
lengths of the time windows applied in the evalua-
tions of the indicators (24). The high frequencies
associated with frontal electromyographic activity
are obtained from a window of less than 2 s in the
RE computations, providing practically instanta-
neous information. For SE, most data are obtained
from a 15-s window. For BIS, the length of the
smoothing window is 15 s, which is the fastest
alternative provided by the BIS monitor (23).

In conclusion, the results show that NSCF is better
than RE-A for the prediction of clinical stress during
intubation. By contrast with RE-A, NSCF is also
responsive to tetanic stimulation, with an attenuated
response when opioid analgesia is added to propofol
anaesthesia. During emergence from anaesthesia, RE
responds before the SC variables, but both modes of
monitoring can predict emergence in the majority of
cases.
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Fig. 4. Skin conductance variables during emergence after surgery under general anaesthesia.
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