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Purpose: To observe the changes in EEG bispectral index (BIS), 95% spectral edge frequency (95% SEF) and medi- 
an frequency (MF)with haemodynamic changes to intubation during induction with propofol or propofol and 2 ~ug.l,,g -I 
fentanyl/v. 
Methods: Twenty four ASA I-II patients were randomized to receive either propofol infusion preceded by normal 
saline (group P, n= 12) or propofol preceded by 2/./g.kg -I fentanyl (group PF, n= 12). Intubation was performed five 
minutes after maintenance of BIS within 45 --- S. EEG and haemodynamic variables were recorded at before induc- 
tion, and before and after intubation. 
Results: l-laemodynamiC responses to intubation were greater in group P than in group PF (P < 0.05). 
Postintubation SBP, DBP and HR increased, compared with preinduction values, more in group P than in group PE 
Postintubation BIS values increased from 45.5 ___ 3.5 and 44.2 ___ 4. I to 51. I ___ 4. I and 50.9 +_ 5.3 in groups 
P and PF, respectively, compared with preintubation values. The BIS values were not different between treatment 
groups before and after intubation, and 95% SEF and MF values did not increase after intubation. 
Conclusion: Fentanyl, 2/dg.kg -~/v, blunted the haemodynamic responses to intubation, but failed to attenuate the 
arousal of cerebral cortical activity. The different haemodynamic responses postintubation but similar BIS and 95% SEF 
changes in the two groups suggest that BIS or 95% SEF cannot predict the haemodynamic responses to intubation 
during anaesthesia induction with propofol and fentanyl. 

Object i f  : Observer les alt6rations de rindex I~EG bispectral (BIS), sur la fr~quence spectrale de marge (95% SEF) 
et la fr&luence moyenne (FM) caus~es par les changements h~modynamiques de l'intubation pendant l'induction au 
propofol ou au propofol associ~ au fentanyl 2/./g.kg -i iv. 
M&hodes  : Vingt-quatre patients ASA I - I I ont re~u al~atoirement soit une perfusion de propofol pr&~d~e de sol. 
phys. (groupe P, n = 12) ou de propofol pr&~d,6 de fentanyl 2 jug'kg -I (groupe PF, n = 12). On intubait cinq min- 
utes apr& la stabilisation du BIS entre 45 _+ S. I'EEg et les variables h~modynamiques ~taient enregistr~es avant l'in- 
duction, et avant et apr~s l'intubation. 
R~sultats : Les r~ponses h~modynamiques ~ l'intubation &aient plus importantes dans le groupe P que dans le 
groupe PF (P<0,05). Apt& l'intubation, la pression art&ielle systolique et diastolique et la Fc augmentaient com- 
parativement aux valeurs de pr~induction, mais plus dans le groupe P que dans le groupe PE Apr~s l'intubation, les 
valeurs du BIS augmentaient de 45 ___ 3,5 ~ 51 +__ 4. I dans le groupe Pet de 44 _+ 4, I ~ 50,9 --- 5,3 dans les 
groupes PF comparativement aux valeurs pr&~dant l'intubation ; les valeurs SEF 95% et MF n'augmentaient pas 
apt& l'extubation. 
Conclusion : Le fentanyl 2 pg.kg-% att~nue les r~ponses h~modynamiques ~ l'intubation mais ne parvient pas 
att~nuer l'~veil de l'activit~ corticale c&~brale. La diff&ence des r~ponses h~modynamiques postintubation mais la 
similarit~ des changements de BIS et de SEF95% darts les deux groupes sugg~rent que BIS et 5EF 95% ne peuvent 
pr~dire les r~ponses h~modynamique ~ l'intubation pendant rinduction de ranesth&ie au propofol et au fentanyl. 
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M 
ONITORING the raw EEG during 
clinical anaesthesia has been largely 
unsuccessful due to the complex influ- 
ences of various anaesthetic regimens 

and the difficulty of  interpreting the complicated EEG 
signal. Recently, a new processed EEG parameter, bis- 
pectral index (BIS) which determines both EEG linear 
and nonlinear (phase and harmonic) components, has 
been proposed as a measure of anaesthetic effect. 1-s The 
BIS reflects cerebral cortical activity well, 4,s and is 
altered when a noxious stimulus is perceived by the 
brain at some anaesthetic levels. Opioids attenuate nox- 
ious stimulation at several levels of  the sensory pathway. 
Thus, they should prevent lightening in the patient's 
hypnotic state resulting from noxious stimulation, just 
as they prevent the haemodynamic response to surgical 
stimulation. In this study, we determined the changes of 
BIS as well as spectral edge frequency (SEF) and medi- 
an frequency (MF), and the association between these 
EEG variables and the haemodynamic responses to 
laryngoscopy and intubation after anaesthesia induction 
with propofol with or without fentanyl. 

Methods 
Following approval from the Institutional Human 
Studies Committee and informed consent, 24 ASA I or 
II patients, age 17-54 yr were studied. Patients were 
excluded if they had a history of hypertension or neuro- 
logical deficits, were receiving cardiovascular or neu- 
ropsychiatric medicine, or intubation was expected to be 
difficult. Patients were randomly allocated into two 
groups, 12 in each, and the experiments were conduct- 
ed in a double blind fashion. One group received propo- 
fol alone, by infusion, (group P) and the other received 
propofol preceded by 2 pg.kg -1 fentanyl (group PF). 
Sedative drugs were not given preoperatively. Patients 
were continuously monitored with an electrocardiogram 
and pulse oximeter. A venous catheter was inserted for 
drug and fluid administration, and a catheter into the 
radial artery for continuous monitoring of arterial blood 
pressure. All Patients received a fluid load of 5 mg-kg -1 
Ringer's Lactate over 15 min. The EEG was monitored 
continuously. After preparation of the skin, four dispos- 
able silver-silver chloride electrodes (Zipprep, Aspect 
Medical System, MA, USA) were placed on the outer 
sides of both malar bones (At1 and At2) with Fpz as the 
reference and Fp2 as the ground. Impedance of the elec- 
trodes was kept <2000 ohms. The BIS, SEF and MF 
were measured using a microprocessor-based, 2-channel 
EEG monitor (A-1050, Aspect Medical Systems, 
Natick, MA, USA). The EEG parameters were calculat- 
ed at five second epochs and recorded at 15-sec intervals 
automatically. All data were printed immediately with an 

Aspect printer. After breathing 02 for three minutes, 
anaesthesia was induced with a constant rate infusion 
30 mg.kg-l.hr -1 propofol using a syringe pump until the 
BIS value reached 45 + 5 and then the rate was reduced 
(0.5 mg.kg-l.20 sec -1) to maintain the value within this 
range for the five min prior to intubation. Intubation 
was facilitated by 0.1 mg.kg -1 vecuronium and the time 
from inserting the laryngoscope to finishing intubation 
did not exceed 30 sec. The dose of propofol used for 
induction and total dose used were recorded. Fentanyl 
2 pg.kg -1 in group PF, or normal saline with the same 
volume per kg in group P, was injected as a bolus two 
minutes before starting the infusion of propofol. Both 
the patient and the anaesthetist who performed intuba- 
tion were blinded to the administration of fentanyl or 
normal saline. The lungs were ventilated with O 2 100% 
by a ventilator at rate of 12.min -1 and tidal volume of 
10 ml.kg -1. Propofol was infused at the same rate as 
before intubation, and no other procedure was per- 
formed within three minutes following intubation. The 
baseline values of EEG parameters, systolic blood pres- 
sure (SBP), diastolic blood pressure (DBP) and heart 
rate (HR) were obtained from three minute average val- 
ues before fentanyl or normal saline. 

The values just before laryngoscopy for intubation 
were defined as preintubation values and the highest 
values for EEG or haemodynamic parameter during 
laryngoscopy and intubation, and within three 
minutes of intubation as the postintubation value. 

Patients were questioned about awareness during 
anesthesia post-operatively. All results are expressed as 
mean • SD. In each group, we compared the values 
for each parameter between three endpoints (baseline, 
preintubation and postintubation) using repeated- 
measures analysis of  variance, followed by Scheffe 
F-test. Between groups, the data were analysed with 
ANOVA at each endpoint. P < 0.05 was considered 
statistically significant. 

Results 
There were no differences in age, body weight, or 
height between groups. No differences were found in 
baseline SBP, DBP, H R  and EEG variables between two 
groups (Table I). Fentanyl, 2 pg.kg -1, had no effect 
on the baseline EEG. There were no differences in 
the propofol doses required before intubation 
(P: 15.6 • 4.3 ml, P/F: 14.3 + 3.9 ml) or in the total 
dose ofpropofol (P: 22.1 + 5.4 ml, PF: 21.5 • 5.1 ml). 
between the two groups. Propofol alone or preceded by 
fentanyl, decreased SBP and DBP at preintubation, but 
no difference was found between the two groups 
(Table I, P > 0.05). At preintubation, H R  was slowed 
16% in group PF (from 71.9 + 8.8 to 61.8 • 4.7 bpm, 
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TABLE I Haemodynamic and EEG variables at three endpoints during anaesthetic induction 
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Baseline Preinrubation Postintubation 
group P group PF group P group PF group P group PF 

SBP (mmHg)  124.1 • 13.3 130.1 + 12.9 100.2 • 9.4* 97.2 • 7.6* 156.3 • 21.1"1 133.1 • 16 5w 
DBP (mmHg)  72.2 • 9.4 70.3 • 10.3 55.8 • 7.6* 52.8 • 4.8* 90.3 • 16.3"1" 76.7 • 13.8~1" 
H R  (bpm) 69.3 • 11.1 71.9 • 8.8 68.3 • 10.9 61.8 • 4.7* 91.8 • 15.8"1" 71.5 • 10.651 
BIS 94.9 • 2.3 94.5 • 2.8 45.5 • 3.5* 44.2 • 4.1" 51.1 • 4.1"~ 50.9 • 5.3"1" 
SEF (HZ) 19.5 • 4.0 19.4 + 3.3 15.1 • 1.9" 14.7 • 2.4* 16.3 • 2.1 15.2 • 2.3* 
MF (HZ) 5.1 • 1.4 5.3 • 2.2 3.9 • 2.1 3.8 • 2.3 5.5 • 2.7 4.8 • 2.3 

Mean +SD. 

*P < 0.01 versus baseline; t p  < 0.01 versus preintubation; t p  < 0.05, ~P < 0.01 versus between two groups 

EEG: electroencephalographic; SBP: systolic blood pressure; DBP: diastolic blood pressure; HR: heart rate; BIS: bispectral index; 
SEF: spectral edge frequency; MF: median frequency. 

P < 0.01). The posfintubation haemodynamic respons- 
es to laryngoscopy and intubation were greater in group 
P than in group PF. (P< 0.01) The haemodynamic vari- 
ables were not different compared with those before 
induction in group PF (SBP: 2.3% increased, DBP: 9.1% 
increased, HR: 0.6% decreased), although SBP and 
DBP were increased 36.9%, 45.3%, respectively, from 
preintubation. The SBP, DBP and H R  in group P were 
markedly increased (25.8%, 25.0% and 32.4% vs base- 
line, 56.0%, 61.8% and 34.4% vs preintubation) in com- 
parison with baseline and preintubation (Table I). 

The EEG responses to intubation showed no differ- 
ence between the two groups (Table I). The preintuba- 
tion BIS value was 45.5 • 3.5 in group P and 44.2 • 4.1 
in group PF (P > 0.05). The stimulation of  laryn- 
goscopy and intubation increased BIS to 51.1 • 4.1 in 
group P and to 50.9 • 5.3 in group PF, both of  which 
were higher than the values before intubation 
(P < 0.01). The BIS values postintubation were not dif- 
ferent between the two groups (P > 0.05). The SEF in 
the two groups was also reduced at preintubation. 
However, laryngoscopy and intubation did not  
increased it in either group. The MF showed no changes 
at endpoints preintubation or postintubation compared 
with preinduction. 

Discussion 
Our results demonstrate that administration of  2 lag.kg -1 
fentanyl iv, 10 min before intubation after propofol, 
143 • 39 mg iv, blunted the postintubation haemody- 
namic responses without affecting the cortical activity. 
Similar to our findings, Billard et al. 6 demonstrated that 
2 lag.kg q fentanyl administered with propofol decreased 
the blood pressure and heart rate responses to intuba- 
tion. We used a fentanyl or normal saline bolus iv t w o  
minutes before commencing propofol infusion. 
Propofol was infused at a rate of  30 mg-kg-khr q for 
three minutes to reduce the BIS value to 45 • 5. 

Intubation was performed after maintaining BIS value at 
45 • 5 for five minutes (10 min after fentanyl adminis- 
tration), a duration considered adequate for achieving 
plateau of  the pharmacodynamic effect of fentanyl on 
central nervous system. 6 

The neural reflexes leading to haemodynamic 
responses elicited by laryngoscopy and intubation occur 
predominantly at the subcortical level (brain stem and 
hypothalamus) and do not necessarily require input 
from the cortex. The afferent receptors and fibres which 
mediate these reflexes are not nociceptive7 ,s Therefore, 
ablation of  the nociceptive stimulation by opioids is not 
the primary mechanism of  blunting of  these responses. 9 
Different doses of  opioids may, therefore, be necessary 
for blunting the different responses in the central ner- 
vous system. Fentanyl, 2 pg.kg q iv, administered with 
propofol attenuated the haemodynamic responses to 
intubation in our patients but did not affect the cortical 
activity as measured by BIS, SEF and MF. Propofol, 
156 • 43 mg iv, administered without fentanyl before 
intubation was ineffective in attenuating these haemo- 
dynamic responses. Billard et al. demonstrated that dur- 
ing induction with propofol/fentanyl, 2-3.5 mg.kg -1 
propofol iv did not prevent the haemodynamic respons- 
es to intubafion, suggesting that the subcortical centres 
responsible for haemodynamic responses were not sup- 
pressed with increasing doses of  propofol, m 

Just before laryngoscopy and intubation, the 
degree of  cortical depression as assessed by the BIS, 
95% SEF and MF was similar in the two treatment 
groups. The subsequent similar changes in these EEG 
parameters with laryngoscopy and intubation suggest 
that there is no difference in cortical antinociception 
with or without fentanyl. Our results indicate that 
2 lag.kg q fentanyl is not adequate to blunt the noci- 
ceptive stimulation reaching the cortex. Since the 
addition of  fentanyl to propofol does not  attenuate 
input to the pathways for the haemodynamic and 
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cortical responses in a parallel manner, recall may be 
possible during induction with either small doses of  
propofol or in tolerant patients with blunting of  the 
haemodynamic responses. 

Among the three EEG parameters studied, BIS 
appears to be the most sensitive indicator of cortical 
activity to noxious stimulation. Median frequency failed 
to show any changes throughout the process of induc- 
tion and intubation with large interindividual variabili- 
ty. Spectral edge frequency decreased with induction, 
but demonstrated no alteration following intubation in 
either group. Our results suggest that BIS and 95% SEF 
cannot predict haemodynamic responses as these EEG 
parameters represent cortical activity. Kearse et al. stat- 
ed that BIS predicted the haemodynamic responses to 
intubation when thiopentone and opioids were used for 
induction of  anaesthesia. 9 However, in another study 
they found that the BIS did not predict the haemody- 
namic responses during induction with propofol. II 
Therefore, we propose that BIS in conjunction with 
haemodynamic monitoring can serve as useful measures 
of the depression of  cortical activity and haemodynam- 
ic stability, respectively. 

In conclusion, 2 lag.kg -I fentanyl iv, in conjunction 
with propofol was effective in blunting the haemody- 
namic responses to intubation without attenuating cor- 
tical activity represented by the BIS and 95% SEF. 
Cerebral cortical activity as measured by the BIS and 
95% SEF does not change in parallel with the haemody- 
namic responses following laryngoscopy and intubation. 
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