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EEG arousal during laryngoscopy and intubation: comparison of 
thiopentone or propofol supplemented with nitrous oxide 
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Summary 
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Detection and assessment of nociception represents 
one of the present challenges in anaesthetic practice. 
The most reliable sign, somatic movement, is 
abolished by neuromuscular block [1]. Other clinical 
signs of nociception during general anaesthesia such 
as haemodynamic or autonomic reactions are non- 
specific, often occurring late and are difficult to 
interpret [2, 3]. Simple derived EEG variables such 
as median frequency or spectral edge have been 
advocated for monitoring “depth of anaesthesia” 
with limited success [4–6]. They have not proved to 
be reliable measures for detecting or assessing acute 

nociception during anaesthesia [7, 8]. Arousal reac- 
tions are a phenomenon accepted as accompanying 
nociception [9]. The EEG, taken as a whole, is well 
validated for identifying arousal reactions in the 
non-anaesthetic context [10–14]. It has also been 
used successfully to identify arousal during an- 
aesthesia [15–17]. So far the EEG has not been used 
systematically in anaesthesia to investigate the 
arousal reaction accompanying nociception and its 
modulation by different anaesthetic agents. 

Using laryngoscopy and intubation during bolus 
induction of anaesthesia as a model of nociception 
during anaesthesia, we have studied the arousal 
accompanying nociception in the EEG. We also 
compared modulation of EEG arousal responses 
accompanying nociception by two commonly used 
anaesthetic induction agents, propofol and thio- 
pentone, together with nitrous oxide, at doses 
accepted as being clinically equipotent [18]. 

Patients and methods 
After obtaining Ethics Committee approval and 
informed written patient consent, we studied 20 
unpremedicated ASA I–II patients undergoing elec- 
tive surgery. Exclusion criteria included hyperten- 
sion, neurological disease, drug abuse and chronic 
analgesic or hypnotic medication. The patients were 
prospectively allocated randomly to induction of 
anaesthesia with either propofol or thiopentone. 

After cannulation of veins and attachment of 
monitors, patients were allowed to rest for 5 min. 
Baseline heart rate, arterial pressure and EEG 
recordings were performed. After preoxygenation by 
mask with 100 % oxygen for 3 min, anaesthesia was 
induced at time t � 0 by an i.v. bolus of either 
propofol 3 mg kg�1 or thiopentone 6 mg kg�1, given 
over 20 s. Simultaneously, nitrous oxide in oxygen 
(1 : 1, 

2OIF measured continuously) was commenced 
via a mask. Ventilation was assisted or controlled as 
necessary to maintain end-tidal carbon dioxide 
partial pressure at 4.0–5.0 kPa throughout the study. 
At t � �30 s, vecuronium 0.2 mg kg�1 was given 
over 20 s. Exactly 3 min after induction, laryn- 
goscopy was performed, always by the same an- 
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aesthetist, for exactly 60 s. Intubation, which took no 
longer than 20 s to complete, was done exactly 30 s 
after the start of laryngoscopy. The study ended 
2 min after the start of laryngoscopy and intubation 
with the introduction of isoflurane. Patients were 
asked systematically about awareness or other an- 
aesthetic problems at the visit after anaesthesia. 

Heart rate, oscillometric non-invasive arterial 
pressure, end-tidal carbon dioxide concentration, 

2OIF  and pulse oximetric oxygen saturation were 
recorded at 1-min intervals starting at induction (t � 
0) (Merlin Anaesthesia Monitor, Hewlett Packard, 
Böblingen, Germany). The EEG was recorded 
continuously (Monisys 91/III neuromonitoring sys- 
tem, Department of Biomedical Engineering, Graz 
Technical University, Austria) via bilateral Fp1/2- 
T7/8 cup electrode montages with an Fpz reference. 
During the control measurement, patients were 
asked to relax and keep their eyes closed in order to 
minimize muscle artefact. Electrode impedance was 
kept below 3 k�. Analogue filtering of the signal was 
not performed, and high- and low-pass digital filters 
were set at 0.05 Hz and 1.5 kHz, respectively. The 
raw EEG was displayed continuously to enable 
removal of artefacts. Any periods of burst sup- 
pression in the raw EEG were noted and also 
excluded. For EEG quantification, Fourier trans- 
formation of the dominant hemisphere EEG in 4-s 
epochs was performed (spectral analysis) and grand 
means of 1-min epochs, starting at t � 0, calculated. 
The following variables were then determined from 
the epoch grand means: total EEG power, absolute 
power in the delta (0.5–4 Hz), theta (4–8 Hz), alpha 
(8–14 Hz) and beta (14–24 Hz) bands. From these 
values the relative (band power/total power) 
activities in each EEG band were calculated. 

The data collected were analysed by an observer 
unaware of the induction agent used. Statistical 
analysis was performed on the Statistica for 
Windows software package (Statistica for Windows, 

Release 4.5, 1993 Statsoft Inc, 2325 East 13th Street, 
Tulsa, OK 74104, USA). Patient and haemodynamic 
data are expressed as mean (SD). EEG data, not 
normally distributed, are given as median (inter- 
quartile range). Between-group differences for 
patient and haemodynamic data were analysed using 
an unpaired t test; within-group haemodynamic 
differences for control vs 1 min before laryngoscopy 
and intubation, and 1 min before laryngoscopy and 
intubation compared with 1 min of laryngoscopy and 
intubation and 1 min after laryngoscopy and in- 
tubation were tested by paired t test. For EEG 
variables, between-group testing was carried out 
using the Mann–Whitney U test. Intra-group testing 
of EEG variables, carried out at the same times as for 
the haemodynamic variables, was performed using 
Wilcoxon’s paired test. Multiple comparisons were 
Bonferroni-corrected. P � 0.05 was considered 
statistically significant. 

Results 
The two groups were similar in characteristics (table 
1). There were no problems with the induction 
scheme used, no patient had an 

2OpS  less than 97 % 
at any time, and no patient moved, coughed or 
bucked with laryngoscopy and intubation. Ques- 
tioning after anaesthesia did not reveal any episodes 
of awareness. 

Haemodynamic values were generally similar 
between the groups (table 2), except for heart rate 
just before and during laryngoscopy and intubation, 
which was higher in the thiopentone group (P � 
0.01 and 0.02 vs propofol, respectively). Laryn- 
goscopy and intubation resulted in significant 
increases in arterial pressure in both groups 
(P � 0.02), with only a transient increase in heart 
rate in the propofol group 1 min after laryngoscopy 
and intubation (P � 0.03). 

EEG burst suppression was not seen during the 

Table 1 Patient characteristics (mean (SD or range) or number). BMI � Body mass index 

 Age (yr) Weight (kg) Height (cm) BMI Sex (M : F) 

Thiopentone 30 (20–51) 68.9 (10.1) 174 (8.4) 22.7 (1.8) 6 : 4 
Propofol 38 (27–58) 66.1 (12.6) 167 (12.3) 23.4 (2.8) 6 : 4 

Table 2 Time course of haemodynamic variables (mean (SD)). t � 0 is the time at which induction started; all subsequent 
numbers refer to minutes after t � 0. SI � Start of induction, L&I � laryngoscopy and intubation, SAP � systolic arterial pressure, 
DAP � diastolic arterial pressure, MAP � mean arterial pressure, HR � heart rate. *P � 0.05 vs control; †P � 0.05 vs pre-L&I value 
(t � 2–3); ‡P � 0.05 vs propofol (only control and pre-L&I values tested within groups) 

 Control t � 0–1 (SI) t � 1–2 t � 2–3 t � 3–4 (L&I) t � 4–5 

SAP (mm Hg)       
Thiopentone 131.5 (15.7) 130.4 (17.8) 118.8 (18.3) 121. 7 (15.6)‡* 129.9 (27.6) 166.1 (21.0)† 
Propofol 129.7 (21.5) 130.5 (24.0) 116.3 (16.0) 106.9 (18.7)* 131.6 (36.5)† 166.1 (24.7)† 

DAP (mm Hg)       
Thiopentone  70.3 (14.9)  73.4 (14.9)  67.8 (13.5)  64.0 (15.9)  74.2 (23.4) 102.9 (12.6)† 
Propofol  71.8 (14.9)  73.8 (13.1)  68.3 (17.1)  58.2 (12.9)  84.1 (23.8)†  95.7 (12.3)† 

MAP (mm Hg)       
Thiopentone  91.1 (14.4)  93.0 (14.5)  85.9 (13.7)  83.9 (15.1)  93.6 (24.6) 124.0 (13.9)† 
Propofol  91.1 (15.5)  93.1 (13.8)  85.6 (16.1)  75.6 (14.1)* 101.7 (26.5)† 118.8 (14.7)† 

HR (beat min�1)       
Thiopentone  75.6 (11.8)  71.9 (14.3)  88.9 (18.5)  94.5 (12.0)‡*  87.7 (8.6)‡  95.5 (16.3) 
Propofol  73.0 (14.7)  74.2 (16.8)  94.6 (15.7)  79.9 (8.4)  77.7 (12.2) 101.2 (16.9)† 
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study. Figure 1 shows the time course for the relative 
EEG activities. All relative EEG control and t � 0–1 
values were similar. Just before intubation, both 
groups had similar relative EEG activities, except for 
the lower activity in the propofol group in the theta 
band (P � 0.01). With and after laryngoscopy and 
intubation, theta, alpha and beta activities were 
significantly lower, and delta activity significantly 
higher in the propofol than in the thiopentone group 
(P � 0.04). Induction caused significant decreases in 
relative theta and beta activities in the thiopentone 
patients (control vs just before laryngoscopy and 

intubation, P � 0.02), while in the propofol group, 
the increase in delta and decrease in theta activities 
were significant (control vs just before laryngoscopy 
and intubation, P � 0.04). In both groups, laryn- 
goscopy and intubation was associated with signi- 
ficant increases in relative theta, alpha and beta 
activities, and a significant decrease in delta activity 
(just before laryngoscopy and intubation vs t � 3–4 
(laryngoscopy and intubation), t � 4–5; P � 0.03). 
The changes resulting from laryngoscopy and intu- 
bation (fig. 2) were significantly larger in the 
thiopentone group in all but the theta band. 

Discussion 
In our study, laryngoscopy and intubation were 
accompanied by a characteristic and reproducible 
EEG arousal reaction, easily seen in the relative band 
activities. EEG arousal consists of a loss of delta 
activity together with increases in higher frequency 
(theta, alpha and beta) activities and is accompanied 
by increases in arterial pressure and heart rate. Just 
before laryngoscopy and intubation, the degree of 
cortical depression, as assessed by the relative EEG 
band activities [6, 8, 19], was similar in the thio- 
pentone and propofol groups. The subsequent 
greater EEG arousal reaction with laryngoscopy and 
intubation thus suggests poorer subcortical antino- 
ciception in the thiopentone than in the propofol 
group in combination with nitrous oxide. 

It might be argued that the EEG arousal reaction 
can be explained purely on the basis of pharma- 
cokinetic considerations, that is falling effect site 
concentrations. We consider this unlikely for the 
following reasons. The EEG, generally accepted as a 
good reflection of effect site concentrations for 

 

Figure 1 Time course of relative EEG activities. Values are medians and interquartile ranges of relative power in 
the delta, theta, alpha and beta EEG bands in the thiopentone (!) and propofol (") groups. X-axis: EEG epochs 
in minutes, with induction starting at 0 min. C � Control, SI � start of induction, L&I � laryngoscopy and 
intubation. *P � 0.05 vs control in the thiopentone group; †P � 0.05 vs control in both groups; ‡P � 0.05 vs pre- 
L&I value (t � 2–3) in both groups; § P � 0.05 vs propofol. 

 

Figure 2 Changes in relative EEG activity with laryngoscopy 
and intubation (L&I). The changes (Y-axis) are given as 
percentage of relative EEG epoch just before L&I (t � 2–3), 
and are transformed relative EEG activity. Values are medians 
and interquartile ranges for the thiopentone (#) and propofol 
( ) groups. X-axis: D � delta, T � theta, A � alpha, B � beta 
EEG band; 1 � change from the pre-L&I epoch to the epoch 
during L&I (minutes 3–4), 2 � change from the pre-L&I epoch 
to the epoch just after L&I (minutes 4–5). *P � 0.05 vs 
propofol. 
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hypnotic agents [4], showed a similar course for 
relative values for the two groups up to laryngoscopy 
and intubation. With laryngoscopy and intubation, 
the EEG courses of the thiopentone and propofol 
patients, which had been changing only very slowly, 
changed abruptly and generally in the opposite 
direction to that seen before laryngoscopy and 
intubation. In addition, the EEG courses of the two 
groups diverged abruptly. This EEG behaviour, 
which supports similar effect site behaviour up to 
laryngoscopy and intubation, changed markedly with 
laryngoscopy and intubation, a change difficult to 
explain on the basis of effect site pharmacokinetics. 
Finally, we have already seen EEG excitation 
associated with certain effect site concentrations 
during induction (t � 0–1). Its nature (e.g. slope and 
maximum) is different from that seen during the 
EEG excitatory arousal after laryngoscopy and 
intubation. 

We chose a thiopentone to propofol dose ratio 
accepted as being clinically equipotent for bolus 
induction [18]. This was confirmed by the similar 
relative EEG course before laryngoscopy and in- 
tubation for the two groups. To ensure clinically and 
ethically acceptable induction conditions, we had the 
choice of using nitrous oxide supplementation with 
the propofol or thiopentone doses stated, or using 
higher doses. We decided on nitrous oxide supple- 
mentation with the doses stated because it was 
closer to clinical practice and associated with fewer 
overall side effects. While the results reflect the 
interaction between the induction agent and nitrous 
oxide, the differences between the groups can be 
considered to reflect differences between propofol 
and thiopentone, as both groups received the same 
concentrations of nitrous oxide under similar con- 
ditions. 

A higher than usual vecuronium dose was used in 
order to achieve complete neuromuscular block re- 
liably in the required 2.5 min. This is important not 
only from clinical considerations and to avoid EEG 
artefacts, but also because it has been suggested 
recently that active muscle movement caused by 
noxious stimulation in light anaesthesia is associated 
with EEG activation resulting from activation of 
muscle stretch receptors [20]. This cerebral response 
is attenuated by neuromuscular block [20]. 

Absolute EEG values in anaesthesia are highly 
dependent on initial EEG state and type, and vary 
considerably according to the anaesthetic drug(s) 
used [7, 12, 15, 21]. To allow statistical comparisons 
of EEG between groups, particularly regarding 
degree of cortical depression, normalization in the 
sense of relative EEG activity, that is absolute 
activity in an EEG band/total absolute EEG activity, 
is generally used [22, 23]. Our discussion of EEG 
results is thus based on relative EEG values. The 1- 
min duration of the EEG epoch grand means was 
chosen to permit detection of significant EEG effects 
after events while maintaining acceptable temporal 
resolution. Other studies of noxious stimuli in 
anaesthesia have successfully used similar methods 
of EEG analysis [15, 16]. 

We have found only one study of the interaction 
between laryngoscopy and intubation and EEG. 

Rampil and Matteo [24], studying patients induced 
with varying doses of thiopentone, fentanyl, ligno- 
caine, droperidol and suxamethonium, found a 
significant correlation between EEG spectral edge 
values before laryngoscopy and intubation and 
systolic arterial pressure response to laryngoscopy 
and intubation. There was no correlation for heart 
rate or diastolic pressure. 

Few studies have addressed the effect of no- 
ciceptive stimuli during anaesthesia on the EEG 
[15–17]. In two topographical EEG studies, Kochs 
and colleagues [16, 17] demonstrated that surgical 
stimulation during standardized fentanyl- 
supplemented isoflurane–nitrous oxide anaesthesia 
was associated with increases in delta and decreases 
in alpha activities, that is ‘paradoxical’ or inhibitory 
arousal. These results are in contrast to ours, which 
consisted of a “classical”, excitatory EEG arousal 
reaction, that is loss of low frequency (delta) activity 
and increased high frequency (alpha, beta) activity 
[6, 16, 17, 19]. Bimar and Bellville [15], studying 
patients under a variety of anaesthetics, noted both 
classical and paradoxical arousal reactions in the 
EEG with surgical stimulation. Both types of EEG 
arousal reactions are also well documented in 
association with non-nociceptive and nociceptive 
sensory stimulation either awake [10] or during sleep 
or coma in humans [11, 12] and animals [13, 14]. 

Both excitatory and inhibitory arousal responses 
to pain have been described in the literature [25, 26]. 
Nociception from deep structures (viscera, joints, 
muscle) generally elicits inhibitory arousal, while 
superficial nociception (skin, mucous membranes of 
body orifices) is associated with excitatory responses. 
The factors determining the type of EEG arousal in 
response to nociceptive stimulation in anaesthesia 
have not been investigated specifically. However, 
the observation that the “superficial” nociception 
(mucosa) of laryngoscopy and intubation in our study 
is associated with a predominantly excitatory 
response, taken together with the finding of 
inhibitory arousal in the studies of Kochs and 
colleagues [16, 17], which involved “deep” noci- 
ception (muscle and viscera), suggests that similar 
principles apply to EEG arousal during anaesthesia. 
In addition to the location of nociception, other 
factors in the anaesthetic setting may include EEG 
topography [16, 17, 23] or degree of cortical 
depression just before the stimulus [13, 14, 16, 
21, 23]. For topography, arousal is best seen in a 
frontal EEG montage [16, 23], as in our study: the 
more depressed the cortex, the higher the likelihood 
of paradoxical arousal [13, 14, 16, 27]. In our study 
the depth of anaesthesia achieved was less than that 
in the studies of Kochs and colleagues [16, 17], 
favouring a classical arousal reaction. 

In their studies, Kochs and colleagues concluded 
that deeper anaesthesia resulted in more attenuation 
of the arousal response to nociception [16, 17]. In 
common with others [6, 8, 19], they found that 
deeper anaesthesia was associated with more relative 
delta and less relative higher frequency (alpha, beta) 
activities. Using these classical EEG criteria of 
degree of cortical depression, our thiopentone and 
propofol groups had similarly deep anaesthesia just 
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before laryngoscopy and intubation. Despite this, 
the thiopentone group experienced a greater EEG 
arousal reaction with laryngoscopy and intubation. 
This not only suggests that the subcortical block of 
nociceptive input provided by propofol was more 
effective than that provided by thiopentone, but also 
illustrates the difficulties in predicting the response 
to nociception from the degree of cortical depression 
before the stimulus, particularly between different 
drugs. 

The similar EEG changes resulting from in- 
duction of anaesthesia with thiopentone or propofol 
in our study correspond to those described by others 
[28–31]. We have found no studies directly com- 
paring the effects of thiopentone and propofol on the 
EEG in humans. However, our results are in 
agreement with the study of Tomoda and colleagues 
[32], who found that thiopentone and propofol had 
similar simple CNS depressant effects on supra- 
tentorial electrical activity in cats. 

The increases in arterial pressure and heart rate 
with laryngoscopy and intubation during propofol or 
thiopentone induction have been observed pre- 
viously [33] and changes in our study are comparable 
with those described. 

We conclude that while propofol and thiopentone 
combined with nitrous oxide had similar depressant 
effects on cortical function in the absence of 
nociceptive stimulation, propofol provided better 
depression of subcortical nociceptive processing than 
thiopentone. Thus hypnotic and antinociceptive 
equipotency of anaesthetic drugs did not necessarily 
coincide. While the degree of EEG cortical de- 
pression only seems of limited use for predicting 
reactions to subsequent nociception, the EEG 
arousal reactions themselves may prove suitable 
for studying intra-anaesthetic nociception and its 
modulation. 
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