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1 | INTRODUCTION

Childhood is characterized by numerous physiological changes linked
to growth. Some of these changes might affect the anesthetic man-
agement. For example, the brain maturation progresses with age;
and the pharmacologic properties of anesthetic agents also change

Abstract

Background: In this prospective study, we describe the electroencephalographic
(EEG) profiles in children anesthetized with sevoflurane or propofol.

Methods: Seventy-three subjects (11 years, range 5-18) were included and ran-
domly assigned to two groups according to the anesthetic agent. Anesthesia was
performed by target-controlled infusion of propofol (group P) or by sevoflurane
inhalation (group S). Steady-state periods were performed at a fixed randomized
concentration between 2, 3, 4, 5, and 6 pg.ml~ of propofol in group P and between
1, 2, 3, 4, and 5% of sevoflurane in group S. Remifentanil was continuously adminis-
tered throughout the study. Clinical data, Bispectral Index (BIS), and raw EEG were
continuously recorded. The relationship between BIS and anesthetic concentrations
was studied using nonlinear regression. For all steady-state periods, EEG traces were
reviewed to assess the presence of epileptoid signs, and spectral analysis of raw
EEG was performed.

Results: Under propofol, BIS decreased monotonically and EEG slowed down as
concentrations increased from 2 to 6 pg.ml™l. Under sevoflurane, BIS decreased
from 0% to 4% and paradoxically rose from 4% to 5% of expired concentration: this
increase in BIS was associated with the occurrence of fast oscillations and epileptoid
signs on the EEG trace. Propofol was associated with more delta waves and burst
suppression periods compared to sevoflurane.

Conclusion: Under deep anesthesia, the BIS and electroencephalographic profiles
differ between propofol and sevoflurane. For high concentrations of sevoflurane, an
elevated BIS value may be interpreted as a sign of epileptoid patterns or EEG fast

oscillations rather than an insufficient depth of hypnosis.
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with age. As a consequence, the interindividual variability of anes-
thetics requirement is majored in the pediatric population. Because
of this variability, it seems particularly important to have a pharma-
codynamic feedback of the cerebral effects of our drugs. Such feed-
back might allow a more accurate and individualized drug delivery.
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The cerebral effects of anesthetics may be monitored by analyz-
ing the cortical EEG signal. Age-dependent EEG profiles have been
widely described in non-anesthetized children. In contrast, EEG data
in anesthetized children are scarce. Among the few available data,
epileptiform EEG has been described by some authors for high con-
centrations of sevoflurane.? In addition, recent publications using
spectral and coherence methods have evidenced age-related differ-
ences in EEG profiles during surgical anesthesia.>* However, the
potential drug-specific, dose-related modifications remain poorly
investigated.

Despite the few available EEG data, there are many pediatric
publications focusing on EEG-based monitors. In these studies, the
Bispectral Index (BIS), which provides a single number calculated
from an algorithm involving cortical EEG parameters, is one of the
most studied indices.

Sevoflurane and propofol are the most commonly used hypnotic
drugs in children. The dose-dependent BIS profile in children receiv-

ing these agents has been described by several authors:

The BIS is inversely correlated with the dose of propofol.5 No
dose-related raw EEG pediatric analyses are available to explain

this relationship, except for some data describing a decrease in
spectral edge frequency for increasing doses of propofol.®
Under sevoflurane, several studies describe a steady decrease in

BIS for increasing sevoflurane concentrations between 1% and
3%.7'8 As for propofol, no dose-related raw EEG pediatric analy-

ses are available to explain this relationship, except for some data
describing a decrease in spectral edge frequency for increasing
doses of sevoflurane.”'° For higher concentrations, some authors
report cases of increase in BIS value.8* There is no clear expla-
nation to this phenomenon, often qualified as “paradoxical.”

This study was designed to describe more precisely the EEG
characteristics in children anesthetized with different doses of
propofol or sevoflurane, and how these EEG profiles are reflected by
the BIS. Our first objective was to describe the dose-response rela-
tionship between BIS and propofol or sevoflurane concentrations.
Our second objective was to study the raw EEG using spectral anal-
ysis and epileptoid sign screening, in order to describe the EEG fea-
tures corresponding to the BIS changes. Finally, we compared our
BIS and EEG findings, between propofol and sevoflurane at an
equipotent level of cortical inhibition, corresponding to multiples of

EC50gs calculated for each agent.

2 | PATIENTS AND METHODS

2.1 | Patients and study design

2.1.1 | Patients

This prospective randomized study was approved by our local Ethics
Committee (CPP Saint-Antoine, Paris, France), and written and

informed consent was obtained from children and their parents.

What is already known

* Sevoflurane and propofol have different electroen-
cephalographic effects.

What this article adds

* Under deep anesthesia, the BIS profiles differ between
propofol and sevoflurane.

Seventy-three children ranging from 5 to 18 years of age, ASA 1
or 2, scheduled for middle ear surgery, were prospectively included.

The randomization was a two-step process, based on computer-
generated lists. First, patients were assigned to either the propofol
or the sevoflurane group. Then, within each group (sevoflurane/
propofol), the dose of the agent was randomized, with five possibili-
ties in each group: Sevoflurane 1/2/3/4/5%; Propofol 2/3/4/5/
6 pg.ml~! (flowchart in Figure 1).

Exclusion criteria were: obesity, cardiac, pulmonary or renal dis-
ease; neurological or neuromuscular disorders; and preoperative
administration of medications which interfere with the central ner-

vous system.

2.2 | Study design

Before surgery, all patients were premedicated with oral hydroxyzine
(1 mg.kg™d).

Additionally to the standard monitoring, the disposable adult
BisSensor (Aspect Medical Systems) was connected to a BIS monitor

Cardiocapll (Datex-GE). The smoothing window was set at 15 s.

2.2.1 | Sevoflurane (S) group

Anesthesia was induced with sevoflurane 6% in 100% oxygen. At
loss of eyelash reflex, remifentanil was started at 0.25 pg.kg™t.min™?!
and kept constant throughout the study. A single dose of atracurium
(0.5 mg.kg™?) was administered and intubation was performed using
a cuffed tracheal tube.

Until the end of surgery, mechanical ventilation was maintained
with an air-oxygen mixture (50-50). Breathing frequency was set at a

rate ranging from 14 to 20 breaths.min™?

, according to age, and
ETcoz was kept strictly between 30 and 35 mmHg.

For each patient, before surgery and according to the constraints
of operating schedule, two 10-min steady-state periods were per-
formed at a fixed expired fraction of S (FeS) randomized between 1,

2, 3,4, and 5%.

2.2.2 | Propofol (P) group

Propofol was administered via a target-controlled infusion (TCI)
device with a propofol plasma target concentration (Ct P) ofé
pg.ml‘l. The TCI system consisted of a Cardinal-Alaris infusion pomp
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FIGURE 1 Flow chart of study design

driven by Rugloop software based on the Kataria's model for prepu-
bertal children? and on the Schnider's model for postpubertal teean-
gers.’® At loss of eyelash reflex, remifentanil was started at
0.25 pg.kg~t.min~t and kept constant throughout the study. A single
dose of atracurium (0.5 mg.kg‘i) was administered and intubation
was performed using a cuffed tracheal tube. Mechanical ventilation
was maintained with an air-oxygen mixture (50-50). Breathing fre-
quency was fixed at a rate ranging from 14 to 20 breaths.min™!
according to age, and endtidal concentration of CO2 (ETcop) was
kept strictly between 30 and 35 mmHg.

For each patient, before surgery and according to the constraints
of operating schedule, two 10-min steady-state periods were per-
formed at a fixed Ct P randomized between 2, 3, 4, 5, and
6 pg.ml™t.

All patients were interviewed on postoperative day 1, using a
standardized questionnaire to detect intraoperative awareness.

2.3 | Data acquisition

The following data were automatically and continuously recorded,
with a sample rate of 4 Hz, using the Rugloop Il software loaded
into a dedicated microcomputer:

® heart rate, noninvasive blood pressure, respiratory parameters,
SpO2
Expired gases: EtCO2, FiO2, FeS
Infusion parameters: rate of propofol infusion, targeted and esti-
mated concentrations of propofol

® BIS and suppression ratio

The EEG was continuously recorded independently from the
BIS monitor. A single channel was recorded from Ag + AgCl
electrodes placed on the forehead and left mastoid, with the
right
impedance was checked automatically and maintained below
5 kW.

The EEG signal was acquired (256 Hz) on a microcomputer using

mastoid as the common electrode. The electrode

the Brain-Quick program stem Il (Micromed, Merignac, France). The
bandpass filter was set at 0.5-30 Hz.

2.4 | Data analysis

2.4.1 | Analysis of BIS data

The baseline value of BIS was calculated as the average value of BIS
on the last minute before the beginning of induction of anesthesia.
At each 10-min steady-state period corresponding to a randomized
Fe S or Ct P, the average value of BIS was calculated on the last
minute of the steady-state period. These parameters were expressed
as mean * SD.

The relationship between BIS and anesthetic concentrations was
studied using nonlinear regression calculated on steady-state periods
at fixed randomized FeS or CtP.

Then, the EC50g,s corresponding to half-maximal effect (BIS 50)
was calculated from the dose-response curve fitted from the data
obtained for each agent.
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Each concentration of propofol and sevoflurane steady-state
periods was then expressed as a multiple of the respective EC50gs,

to define the level of BIS depression.

2.4.2 | Analysis of EEG data

Epileptoid signs assessment

EEG recordings during all steady-state periods were blindly analyzed
and classified by two experts including one pediatric neurologist
(MLM) and one pediatric anesthesiologist (IC) to assess whether sei-
zure-like activity was present. Epileptiform activity was classified as
suggested in previous publications®®: spike (Sp), spike and wave (Sw),
polyspikes (PS), rhythmic polyspikes (RPS), rhythmic polyspikes and
burst suppression (SBS), periodic epileptiform discharges (PED), and
electrographic seizure (ES). The incidence of minor Epileptoid Signs
(Sp, Sw, PS), and major Epileptoid Signs (RPS, SBS, PED, ES) was cal-
culated for all steady-state periods.

Spectral analysis

The EEG was analyzed in the frequency domain using spectral analy-
sis, performed with fast Fourier transformation (FFT) (Acgknowledge
v3.25; Biopac Systems, Santa Barbara, CA, USA) on 8-s epoch.® The
total spectral power (TSP), defined as the area under the curve of
the spectrum (mV?) was calculated as the spectral power of the fol-
lowing bands:delta (0-4 Hz), theta (4-8 Hz), alpha (8-13 Hz), and beta
(13-30 Hz). The results of this calculation were presented as the rel-
ative contribution of each band to the TSP, calculated as a percent-
age of TSP. These EEG-derived variables were calculated at baseline,

and on the last minute of each steady-state period.

2.5 | Statistical analysis

Results were expressed as mean * SD. Statistical differences in pop-
ulation data between S and P groups were investigated using a
Mann-Whitney test.

Relationship between BIS values and FeS or calculated concen-
trations of P were modeled by nonlinear regression, using XLSTAT
Version 2011.4.04, Addinsoft.

To calculate the EC50gs corresponding to half-maximal effect
(BIS 50), the data were fitted to a dose-response curve using Graph-
Pad Prism version 4.03 for windows, (GraphPad Software, San
Diego, CA). A semilogarithmic plot of propofol or sevoflurane con-
centrations versus BIS was generated, and data were fit to an inhibi-
tory sigmoid Emax model. In accordance with the clinical use of BIS,
EO was constrained to 98 and Emax was constrained to 0. The Hill
Slope was variable and optimized to get the best fit.

The EC50gs of propofol was calculated using all steady-state peri-
ods, from 2 to 6 pg.ml‘l, while for the EC50gs of sevoflurane, the
steady-state periods at Fe 5% were excluded to allow calculation. We
excluded these periods because EC50gs calculation was performed
using the inhibitory sigmoid Emax model, which implies a specific rela-
tionship between the dose of the drug and the measured effect:

increasing doses must be associated with an increasing effect, until a

maximal effect is reached. Under 5% sevoflurane, we observed a para-
doxical increase of the bispectral index: consequently, EC50 calcula-
tion was performed in the range of concentrations fitting the Emax
model, from 0% to 4% (included) of sevoflurane. The values of EC50gs
were estimated, with 95% confidence.

Therefore, we were able to compare both agents at equipotent
levels of BIS depression. Equipotency was defined as similar multiple
of EC50g;s + 0.1 EC50gs:

Spectral data were compared between sevoflurane and propofol,
at equipotent level of BIS depression, using a Mann-Whitney test.
Incidence of EEG epileptoid signs and burst suppression were com-
pared at equipotent level of BIS depression, using a Fisher exact
test. A value of P < 0.05 was considered as significant.

The sample size was calculated from the minimal number of
recordings required at each steady-state period to allow comparison
between sevoflurane and propofol at equipotent levels of BIS depres-
sion. In order to detect a difference of mean of 30%, with an expected
standard deviation of 25%, and a statistical power of 0.9, 11 record-
ings at each steady-state period were required. Each patient providing
two recordings, the minimal number of patients to include was 66; we
chose to include 73 patients (+10%) to control for the possible loss of
data due to technical problem of data acquisition or analysis.

3 | RESULTS

Seventy-three patients (11 [5-18] years old, 41 + 15 kg) were included
in the study; 37 in group P and 36 in group S. Fifty-one steady-state
periods were successfully recorded in the group P, and fifty-two in
group S. Thus, a total of 103 steady-state periods were analyzed.

No patient showed clinical seizures whatever the anesthetic
agent. No patient reported any element in favor of a possible

awareness.

3.1 | BIS-concentration relationships

Under propofol, BIS decreased monotonically as propofol concentra-
tions increased from O to 6 pg.ml™%. Using nonlinear regression, the
best fit to model the BIS-propofol concentration relationship was a
second-order polynomial regression: y = 0.903x? — 18.35x + 96.11,
r? = 0.963 (P < 0.0001).

Using the Emax dose-response curves, calculated from O to
6 pg.ml’1 of propofol concentrations, the EC50gs was 3.3 pg.ml’l.

Under sevoflurane, BIS values followed a different profile charac-
terized by a dose-dependent decrease from 0% to 4% and then a
paradoxical rise of the BIS values from 4% to 5%. Using nonlinear
regression, the best fit to model the BIS-sevoflurane concentration
relationship was a third-order polynomial regression: y = 0.609x° +
1.073%* — 30.23x + 94.93, r* = 0.955 (P < 0.0001).

Using the Emax dose-response curves, calculated from 0% to 4%
of sevoflurane, the EC50gs was 2.1% (2.0%-2.3%, 95% Cl).

The nonlinear regression curves are represented on the Figure 2,
where each concentration of propofol or sevoflurane is expressed as
a multiple of the respective calculated EC50g;s.
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Using the EC50gs as unit, we expressed each concentration
associated with a steady-state period, as a multiple of the respective
EC50gs (Figure 2 and Tables 1, 2).

3.2 | Raw EEG and epileptiform signs

Under propofol, the EEG changes associated with increasing concen-
trations were basically characterized by more and more delta waves
associated with periods of burst suppression especially occurring at
5 and 6 pg.ml~1. No patient showed major ES; only some minor iso-
lated ES were observed during burst suppression periods.

Under sevoflurane, the EEG changes associated with increasing
concentrations appeared as biphasic: at low concentrations, EEG
showed as expected slow oscillations; however, from 4%, the EEG
traces showed faster oscillations including frequent rhythmic poly-
spikes and sometimes periodic epileptiform discharges occurring
most often at 5% of FeS.

The incidence of minor ES, major ES, and burst suppressions is
described in Table 1.

When compared at equipotent BIS level inhibition, burst sup-
pressions occurred more frequently under propofol at 1.8 EC50gs
(P = 0.0007).

3.3 | Spectral analysis of raw EEG

All spectral data of EEG are presented on the Table 2.
Under propofol, the lowest concentration (2 pg.ml‘l) was charac-
terized by an increase of percentage of beta oscillations compared

curves are represented with concentrations
expressed as a multiple of the respective
calculated EC50gs (corresponding to half-
maximal effect at BIS 50). Black line and
filled dots: Sevoflurane group. Dotted line
and white dots: Propofol group

to baseline. As expected, with the deepening of anesthesia, the rela-
tive contribution of delta oscillations increased.

Under sevoflurane, the lowest concentration (1%) was also char-
acterized by an increase of the percentage of beta oscillations com-
pared to baseline. At 2, 3, 4, and 5% of sevoflurane, the slowing
down of the EEG was associated with an increase of the theta
waves rather than the expected increase of delta waves. An increase
of the beta waves occurred at 5% of sevoflurane.

Spectral components of EEG were compared at similar or close
levels of BIS depression expressed as multiple of EC50g;s. At 1.4
EC50gis and at 1.9 EC50gs, the percentage of delta waves was sig-

nificantly lower under sevoflurane compared to propofol (Table 2).

4 | DISCUSSION

In a wide range of concentrations, we have shown that under propo-
fol, the BIS decreased as the concentrations increased, while under
sevoflurane the BIS decreased for increasing concentrations from 0%
to 4%, and then increased when sevoflurane concentration reached
5%. Visual assessment of raw EEG traces and spectral analysis
revealed that increasing concentrations of sevoflurane and propofol
were characterized by different electroencephalographic profiles.
The BIS provides a single number from 100 (awake) to O (very
deep anesthesia), resulting from an automated calculation based on
frontal EEG parameters. The algorithm of calculation was validated
against a sedation score measured in adults receiving intravenous or
inhaled anesthetic agents. In children, the validity of the BIS has
been questioned. However, the BIS value is only the result of an
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TABLE 1 Incidence of minor epileptoid signs (ES), major ES, and burst suppression periods at each concentration of propofol and

sevoflurane. Incidences are expressed as number (percentage)

PROPOFOL (pg/ml) 0 2
BIS depression level (multiple of EC50gs) 0 0.6
Number of analyzed steady-state periods 51 11
Minor ES 0 (0) 0 (0)
Major ES 0 (0) 0(0)
Burst suppression 0 (0) 0 (0)
SEVOFLURANE (vol %) 0 1
BIS depression level (multiple of EC50gs) 0 0.5
Number of analyzed steady-state periods 52 11
Minor ES 0 (0) 0 (0)
Major ES 0(0) 0(0)
Burst suppression 0 (0) 0 (0)

3 4 5 6

0.9 1.2 1.5 1.8

11 11 8 10

0 (0) 1(9) 0 (0) 3(30)

0 (0) 0 (0) 0 (0) 0 (0)

0(0) 1(9) 1(13) 8 (80)

2 3 4 5

0.9 14 1.9 23

10 11 9 11

1 (10) 1(9) 4 (44) 11 (100)
0 (0) 1(9) 1(11) 10 (91)
0 (0) 0(0) 0 (0) 8 (73)

Gray columns correspond to equipotent BIS suppression levels (multiples of EC50gs) between one concentration of propofol and one concentration of

sevoflurane.

TABLE 2 Spectral analysis of EEG traces at each concentration of propofol and sevoflurane spectral power of delta, theta, alpha, and beta

bands, expressed as percentage of Total Spectral Power (mean + SD)

PROPOFOL (ug/ml) 0 2

BIS depression level (multiple of EC50gs) 0 0.6
Delta (%) 64 + 16 49 + 27°
Theta (%) 13+5 6+3
Alpha (%) 74 86
Beta (%) 16 11 37 £29°
SEVOFLURANE (vol %) 0 1

BIS depression level (multiple of EC50gs) 0 0.5
Delta (%) 63 + 15 157
Theta (%) 11+5 8+ 10
Alpha (%) 64 11+ 6
Beta (%) 20 + 11 65+ 19

3 4 5 6
0.9 1.2 1.5 1.8

55+ 15 79 + 14 88 + 10* 94 + 4ok

8 + 47t 6+4 3+ 3 2 & Qo

15+ 7 9+6 6+7 2+ 1%

21 + 117 6+4 3+2 1+1

2 3 4 5

0.9 1.4 1.9 2.3

62 15 68 + 14 60 + 17 58 + 8
18+ 5 17+ 8 25 +13 18 10
117 9+5 7+6 9+4

9+7 6+6 7+14 15+9

Gray columns correspond to equipotent BIS suppression levels between one concentration of propofol and one concentration of sevoflurane.
Comparisons between the propofol group and the sevoflurane group were only performed at equipotent BIS suppression levels.

Differences between propofol 6 ug.ml‘1 (1.8 EC50) and sevoflurane 4% (1.9 EC50): *P < 0.05; ***P < 0001.

Differences between propofol 5 pg.ml™* (1.5 EC50) and sevoflurane 3% (1.4 EC50): #P < 0.05; ###P < 0001.

Differences between propofol 3 ug.ml‘1 (0.9 EC50) and sevoflurane 2% (0.9 EC50): P < 0.05; 1P < 0.01.
Bl )

Differences between propofol 2 pg.ml™

automated calculation, so any difference in BIS profiles between
adults and children might reflect differences in the effects of anes-
thetics, rather than in the accuracy of the device.

Most GABAergic anesthetics induce a dose-dependent slowing
down of the EEG oscillations, reaching periods of isoelectric trace
reflecting total cortical inhibition (burst suppression). The relationship
between BIS and propofol concentration seems to follow this princi-
ple. Indeed, in our study, we found that under propofol, BIS values
decreased monotonically as the propofol concentrations increased
from 2 to 6 pg.ml™L. Our results are in agreement with several

t16—18 5,19

adul and pediatric studies.

0.6 EC50) and sevoflurane 1% (0.5 EC50): §P < 0.05.

Using spectral analysis, we demonstrated that in children over
5 years old, the EEG effects of propofol were close to those observed
in adults. The EEG spectral profile during “surgical anesthesia” (propo-
fol 117.2 £ 26 pg.kg’l.min’l) was previously described,?® with domi-
nant slow activity (delta). Our results confirm this pattern. In addition,
we have demonstrated that this increase in delta activity was dose-de-
pendent. We have also described a dynamic profile of rapid beta oscil-
lations: beta activity increased at low propofol concentrations (2-
3 pg.ml‘l), and was markedly decreased for higher concentrations.

Some case reports have suggested a possible association

between propofol administration and clinical seizures, but they did
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not include EEG data.2%?2 Using visual assessment of raw EEG, our
results demonstrated that in our population, the epileptogenic
potential of propofol was negligible, even at the highest concentra-
tions. We only observed rare isolated spikes occurring during peri-
ods of burst suppression. In addition, we have evidenced that the
high incidence of burst suppression at high concentrations was the
main characteristic of the propofol EEG effects. Our results are in
agreement with the study of Jaaskelainen, performed in healthy
adults.®

In our population, BIS profile under sevoflurane was biphasic.
The first phase was a dose-dependent decrease of BIS when
sevoflurane concentrations increased from 0% to 4%. Similar find-
ings have been reported in previous studies.”?>2> The second
phase was a reascension of the BIS when sevoflurane concentra-
tions increased from 4% to 5%. These paradoxical changes of the
BIS in children receiving high concentrations of sevoflurane were
already suggested in two pediatric studies, but the authors failed to
explain this phenomenon.”® An increase in the BIS when isoflurane
concentration increased from 0.8% to 1.6% was also reported in
adults. The authors suggested that the increase in BIS might be
related to continuous pre-burst EEG patterns consisting of high-fre-
quency activity, without being able to confirm this by raw EEG
analysis.2¢

The spectral analysis of the EEG traces allowed us to understand
the changes associated with sevoflurane increasing concentrations.
Akeju described the EEG spectral profile of children under sevoflu-
rane “surgical anesthesia” (concentration 2.21 * 0.44%), with a domi-
nant slow activity in the delta band, and also in the theta band.® Our
results confirm this spectral profile. In addition, we have shown that
the power increase in the delta and theta bands occurs when
sevoflurane concentration reaches 2%, and is almost immediately
maximal. The dynamic profile of the beta waves under sevoflurane is
particularly interesting. As for propofol, beta power increases at very
low concentrations of sevoflurane (1%), and then it significantly
decreases for concentrations between 2% and 4%. Under 5% of
sevoflurane, however, we observed a substantial increase in beta
power. The visual analysis of raw EEG provided additional informa-
tion: under 5% of sevoflurane, rhythmic polyspikes occurred very
frequently, overdriving the slow oscillations. These major ES led to a
shift of the EEG waves toward high frequencies, as described in
adults by Jaaskelainen.® Finally, when processed by the BIS calcula-
tion algorithm, these fast waves result in a higher BIS value. Our
findings suggest that the BIS increase under high concentrations of
sevoflurane might be caused by the processing of major epileptoid
signs through the algorithm of the device. Epileptoid signs may fal-
sely elevate EEG-derived depth of anesthesia indices. From a clinical
point of view, clinicians confronted to high BIS values under deep
sevoflurane anesthesia (>3%) should consider decreasing FeS in
order to avoid epileptoid activity, rather than think anesthesia is too
light and increase FeS to obtain lower BIS values.

The occurrence of EEG epileptoid signs has been described dur-
ing induction and maintenance of sevoflurane anesthesia. In adults,

the incidence of major ES is considered as dose-dependent. We

previously demonstrated that the minimal alveolar concentration of
sevoflurane associated with major ES in children was between 4%
and 5%.2 Our current results confirm that from 4% of sevoflurane,
epileptoid signs may be expected. The physiopathology of these
epileptiform discharges remains unclear and up to now the potential
morbidity of major ES is unknown. However, given the very high
number of sevoflurane anesthetics performed since the release of
this halogenated agent, we can assume that the long-term conse-
quences of epileptoid signs, if they exist, are not of major impor-
tance. It might be interesting to make a connection between our
results and a study based on proton magnetic resonance spec-
troscopy performed under sevoflurane versus propofol anesthesia.
The authors report higher glucose and lactate in the human brain,
and an enhanced neuronal activity under sevoflurane compared to
propofol. In addition, they describe a positive relationship between
brain lactate elevation and an agitation score upon emergence.?”

As we studied a wide range of sevoflurane and propofol concen-
trations, which were not strictly equipotent, the design of our study
made hazardous comparison between propofol and sevoflurane. The
only comparison that we have allowed was calculated at equipotent
level of BIS depression. Unfortunately with this approach, there was
no equipotent propofol concentration corresponding to the highest
concentration of sevoflurane. So, we could not strictly conclude that
sevoflurane was associated with a higher incidence of epileptoid
signs, as it has been previously demonstrated in adults.

In conclusion, our study described EEG patterns in children anes-
thetized with propofol or sevoflurane. In the studied range of con-
centrations, we demonstrated that propofol induced a dose-
dependent cortical inhibition reflected by a steady decrease in BIS,
while high concentrations of sevoflurane were rather associated with
EEG activation and epileptoid signs, which may be responsible for an
apparently paradoxical increase in BIS. These findings may help the
clinicians to more accurately adapt intraoperative administration of

anesthetics in children.
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