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Epileptiform Electroencephalogram during Mask
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Background: Sevoflurane is suggested as a suitable anesthetic
agent for mask induction in adults. The authors recently found
that hyperventilation during sevoflurane-nitrous oxide-oxy-
gen mask induction is associated with cardiovascular hyperdy-
namic response. We tested the hypothesis that the hyperdy-
namic response can be explained by electroencephalography
(EEG) findings.

Methods: Thirty women were randomly allocated to receive
sevoflurane—nitrous oxygen-oxygen mask induction using a
single-breath method, followed by either spontaneous breath-
ing (n = 15) or controlled hyperventilation (n = 15) for 6 min.
EEG was recorded. Blood pressure and heart rate were recorded
at 1-min intervals.

Results: Epileptiform EEG activity (spikes or polyspikes)
was seen in all patients with controlled hyperventilation, and
in seven patients with spontaneous breathing (P < 0.01).
Jerking movements were seen in three patients with con-
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trolled hyperventilation. In the controlled hyperventilation
group, heart rate increased 54% from baseline at 4 min after
induction (P < 0.001). Mean arterial pressure increased 17%
(P < 0.05), peaking at 3 min. In the spontaneous breathing
group, heart rate showed no change, and mean arterial pres-
sure decreased by 14% (P < 0.01) at 6 min. Heart rate and
mean arterial pressure differed significantly between the
groups from 2 min after beginning of the induction to the
end of the trial. An increase in heart rate of more than 30%
from baseline always was associated with epileptiform EEG
activity.

Conclusions: Sevoflurane mask induction elicits epileptiform
EEG patterns. These are associated with an increase in heart
rate in patients with controlled hyperventilation and also dur-
ing spontaneous breathing of sevoflurane. (Key words: Anes-
thetic induction; electroencephalogram; human; ventilation
mode.)

SEVOFLURANE is a nonpungent, ultra-short-acting vola-
tile anesthetic. Clinical trials have confirmed its suitabil-
ity for mask induction in adults." Sevoflurane is well-
tolerated, and rapid changes in inhaled concentrations
during normoventilation usually are not associated with
hyperdynamic responses, contrary to isoflurane® or des-
flurane.?

We recently reported that controlled hyperventila-
tion during sevoflurane-nitrous oxide-oxygen mask
induction is associated with a transient hyperdynamic
response not seen in patients who breathe spontane-
ously during sevoflurane mask induction. In that
study, two of the hyperventilated patients also ex-
pressed jerking movements of the shoulders and up-
per arms during the trial, resembling motor signs of
epileptic activity. Sevoflurane has been associated in
some anecdotal reports with epileptiform electroen-
cephalogram (EEG) activity.>® We previously had
shown an association between EEG burst suppression
and heart rate in isoflurane” and enflurane® anesthesia.
In the current randomized, controlled study we tested
the hypothesis that the hyperdynamic response is as-
sociated with, and may in part be explained by, elec-
troencephalographic findings during sevoflurane mask
induction.
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Table 1. Demographic Data

Spontaneous Breathing Controlled Hyperventilation

n 15 15

Age (yr) 406 387
Weight (kg) 69 =9 65+ 8
Height (cm) 167 £ 6 165 =5

Age, weight, and height expressed as mean = SD. No significant differences
were noted.

Materials and Methods

After obtaining institutional approval and written indi-
vidual informed consent, 30 patients, American Society
of Anesthesiologists physical status I or II, undergoing
elective gynecologic surgery participated in the study
(table 1). Exclusion criteria were history of cardiac, pul-
monary, or neurologic disease; body mass index > 28
kg/m?; history of esophageal reflux; alcohol or drug
abuse; and age older than 50 yr or younger than 18 yr.

Patients fasted for at least 8 h before anesthesia. They
were premedicated with 5 mg oral diazepam, 60 min
before anesthesia. At arrival in the operating room, infu-
sion of Ringer’s lactate solution was started. Routine
monitoring during anesthesia consisted of heart rate,
electrocardiography, and measurement of pulse oxime-
try, end-tidal carbon dioxide pressure, end-tidal sevoflu-
rane concentration, and blood pressure. Ventilatory and
gas measurements were performed from the ventilatory
circuit at the connecting piece close to the face mask.
These measures, together with ventilatory frequency
and ventilation minute volume, were recorded at 1-min
intervals. These data were collected using the Datex-
Ohmeda AS/3 Anesthesia Monitor (Datex-Ohmeda Divi-
sion, Instrumentarium, Helsinki, Finland).

To collect the EEG data, eight Zipprep electrodes (As-
pect Medical Systems, Natick, MA) were positioned on
both mastoid bones: at F7, F8, Fpl, and Fp2 (Interna-
tional 10-20 System)” and at Fpz.'® A ground electrode
was placed on the forehead. The electroencephalo-
graphic signal was band-pass filtered (1.0-50 Hz), ampli-
fied, and displayed (Aspect A-1000 EEG Monitor; Aspect
Medical Systems) from four bipolar electrode pairs: Fp1-
left mastoid, Fp2-right mastoid, Fpz-F7, and Fpz-F8.
EEG data were digitized and stored on a computer for
later analyses.

Patients were allocated according to computer-gener-
ated random numbers into two groups: spontaneous
breathing and controlled hyperventilation groups. In the
latter, we aimed at an end-tidal pressure of carbon diox-
ide of 26 mmHg. All patients breathed oxygen via a clear
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face mask for 2 min before anesthetic induction. Base-
line values for heart rate, mean arterial pressure (MAP),
and pulse oximetry were measured. Sevoflurane anesthe-
sia was induced via a face mask with a semiclosed
anesthesia system primed with a fresh gas flow of 10
I/min (N,O: 5 I/min; O,: 5 I/min) and a sevoflurane
vaporizer (Sevorane Abbott Vapor 19.3; Draegerwerk
AG, Libeck, Germany) set at a maximum of 8%. The
patients were asked to exhale to the residual volume,
followed by a vital-capacity breath with a face mask
placed tightly over the nose and the mouth, and then to
hold their breaths as long as possible. Thereafter, the
patients were asked to breathe normally. A stopwatch
was started when the patients took the first breath from
the face mask. After they became unresponsive to verbal
commands, manually controlled ventilation was started
in the controlled hyperventilation group by squeezing of
the anesthesia bag. End-tidal carbon dioxide pressure
was observed and maintained at approximately 26
mmHg. The patients in the group breathing spontane-
ously did so throughout the study.

The sevoflurane-nitrous oxide-oxygen mask anes-
thetic induction with 8% inspired sevoflurane lasted for
6 min. At the end of this induction period, blood-gas
analysis was performed for all patients using a blood
sample collected from the radial artery by a single-punc-
ture method. After collection of the arterial blood sam-
ple, the trial was complete. It was followed by tracheal
intubation, facilitated with rocuronium. Thereafter, pa-
tients were treated according to the clinical require-
ments of their operations.

The study design was double-blind: Patients were not
aware of their treatments, and EEGs were classified by a
single neurophysiologist (V.J.) familiar with anesthesia
EEGs but blinded to the patients’ ventilation modes. The
electroencephalographic phenomena were classified as
blink (last eye blink), fast activity (> 13 Hz), slow activ-
ity (< 8 Hz), delta activity (< 4 Hz), slow delta activity
(< 2 Hz), delta monophasic activity, slow delta
monophasic activity with spikes, burst suppression,
burst suppression with spikes, polyspikes, and rhythmic
polyspikes (table 2, fig. 1). In this terminology, delta
monophbasic activity refers to waveform activity in the
delta range without any variability in frequencys;
polyspike refers to a spike with more than two negative
and positive deflections; and rhythmic polyspikes refers
to polyspikes appearing at regular intervals. To differen-
tiate between epileptiform electroencephalographic ac-
tivity and artifacts, only phenomena occurring simulta-
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Table 2. Occurrence of Classified EEG Features

Spontaneous Breathing [n (%)] Controlled Hyperventilation [n (%)] Result
Fast activity 1 5 (100) 1 5 (100) NS
Slow activity 5 (100) 5 (100) NS
8 Activity 4(93) 4(93) NS
Slow & activity 2 (80) 0 (67) NS
8 Monophasic activity 9 (60) 3(87) NS
Slow & monophasic activity with spikes 4 (27) (33) NS
Burst suppression 2 (13) NS
Burst suppression with spikes 3 (20) NS
Polyspikes 6 (40) 13 (87) P = 0.011
Rhythmic polyspikes 1(7) 13 (87) P = 0.00001

EEG = electroencephalogram; NS = no significant difference.

neously, even if not totally symmetrically in all four EEG
channels, were classified.

Statistical Analysis

The parametric data were analyzed using analysis of
variance for repeated measures, followed by paired and
unpaired £ tests as post hoc tests. The chi-square test and
Fisher exact test, if appropriate, were used for nonpara-
metric data. Statistics were analyzed using GB-Stat V6.5
for Windows (Dynamic Microsystems, Silver Spring, MD)
or Statistical Package for the Social Sciences, Windows
version 6.0.1 (SPSS, Chicago, IL). P < 0.05 was consid-
ered statistically significant. Parametric data are ex-
pressed as the mean * SD.

Results

Demographic characteristics of those patients breath-
ing spontaneously and those who underwent controlled
hyperventilation were similar (table 1). The hemody-
namic profiles before anesthesia in these two groups
were similar. The trial was completed without compli-
cations in any patients. No patient was excluded from
the study.

The evolution of EEG findings during anesthetic induc-
tion with a sevoflurane-nitrous oxide— oxygen mask
typically started with changes in eye movements: the
slowing of saccadic eye movements and ending of
blinks, followed by slow-rolling eye movements. This
was accompanied by an increase in beta-range (> 13 Hz)
activity and very rapidly also with an increase in slow
(< 8 Hz) activity and delta activity (figs. 1 and 2). At this
point, the EEG recordings between the two study groups
started to differ. In most patients breathing spontane-
ously, mixed EEG activity or monophasic slow delta
activity with or without spikes continued to the end of
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the study (tables 2 and 3, fig. 2). Rhythmic polyspikes
were seen in one patient with spontaneous breathing. In
that patient, heart rate increased from 62 to 88 beats/
min 3 min after beginning of induction.

The EEGs of all the patients undergoing controlled
hyperventilation showed periods of polyspikes or rhyth-
mic polyspikes (tables 2 and 3, fig. 3). In 11 patients,
periods of rhythmic polyspikes were associated with
EEG suppressions. Burst suppression with spikes was
recorded in three patients (tables 2 and 3, fig. 1). Move-
ments were seen in four patients undergoing hyperven-
tilation. Three of these expressed jerking movements of
the shoulders, biceps, or arms, and bilateral plantar flex-
ion was seen in one patient. Movements began at 60 -
120 s after the first inhalation of sevoflurane and were
associated with slow delta EEG activity with or without
spikes. Polyspikes or rhythmic polyspikes were seen
later in all the patients experiencing movement. Heart
rate reached its maximum (121-145 beats/min) 0-60 s
after the end of such movement. No generalized EEG
discharges were recorded in any patient. An EEG record-
ing of a patient showing jerking movements is presented
in figure 3.

In patients breathing spontaneously, delta monophasic
activity persisted longer than in patients undergoing
controlled hyperventilation. In patients undergoing hy-
perventilation, polyspikes occurred earlier. Otherwise,
the time of appearance or duration of EEG features did
not differ between the two groups (table 3).

Heart rate and MAP started to differ between the two
groups 2 min after beginning of induction (figs. 4 and 5).
Patients breathing spontaneously showed no change in
heart rate. In patients undergoing controlled hyperven-
tilation, the heart rate increased from 78 = 14 to 121 =+
18 beats/min (P < 0.001) at 4 min after induction and
remained at that elevated level to the end of the trial.
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Fig. 1. Classified electroencephalogram phenomena. Fast (4),
slow (B), delta (C), and slow delta (D) activity, delta monophasic
activity (E), slow delta monophasic activity with spikes (F),
burst suppression (G), burst suppression with spikes (H),
polyspikes (I), and rhythmic polyspikes (J) are presented.
Spikes are indicated with asterisks in trace F. Electroencepha-
lography was filtered with band-pass 1.0-50 Hz.

Mean arterial pressures between the two groups differed
from 2 min after induction to the end of the study. In
hyperventilated patients, MAP increased, whereas, in
patients breathing spontaneously, it decreased.

In eight patients, no epileptiform EEG activity (spikes,
polyspikes, or rhythmic polyspikes) was recorded dur-
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ing the trial. All these patients were in the spontaneous
breathing group (P < 0.01 between the study groups). A
more than 30% increase in heart rate always was associ-
ated with epileptiform EEG activity (fig. 6). No such
connection was seen between EEG and MAP. In patients
showing epileptiform EEG, MAP increased by 8% from
baseline at 3 min after beginning of induction. In pa-
tients showing no epileptiform EEG, MAP decreased by
9% (not significant).

Blood-gas analyses of arterial blood at 6 min after an-
esthetic induction showed mild respiratory alkalosis in
patients undergoing controlled hyperventilation, and
mild respiratory acidosis in those patients breathing
spontaneously (table 4).

Discussion

Our hypothesis was confirmed. The increase in heart
rate was associated with EEG findings of spikes,
polyspikes, and rhythmic polyspikes. These findings
were more commonly recorded in patients undergoing
controlled hyperventilation, although they were also
seen in patients allowed to breathe spontaneously.

Jerking movements were seen in three of our patients.
These movements did not occur, however, in conjunc-
tion with EEG spikes or polyspikes, which are consid-
ered to be epileptiform phenomena.'' Instead, the
movements were observed before the epileptiform EEG
activity began. Heart rate and, in some patients, blood
pressure also began to increase during delta activity in
EEG; that is, before epileptiform spikes or polyspikes
occurred. This does not rule out an epileptic nature of
the hemodynamic activity and jerking movements seen
in the hyperventilated patients. Subcortical discharges
can be recorded with the use of depth EEG electrodes
without any signs of epileptic activity in scalp EEG.'? In
our previous enflurane study,® a generalized epileptic
seizure with motor activity occurred in a patient during
a burst suppression EEG pattern. In that patient, similar
to our current jerking patients, heart rate started to rise
1 min before spikes or cortical seizure activity were
seen. In the current study, heart rate reached its maxi-
mum in all three jerking patients shortly after their move-
ment responses, suggesting activation of the sympa-
thetic nervous system. Rhythmic polyspikes were
recorded in 13 of 15 patients undergoing hyperventila-
tion; in 11, rhythmic polyspikes were seen during oth-
erwise total EEG suppression. Generalized epileptic EEG
discharges can occur during suppression, when EEG is
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recorded on the scalp.'®> We suggest subcortically in-
duced transient epileptiform activity in those patients
who have an unexpected increase in heart rate or blood
pressure during sevoflurane mask induction. This activ-
ity can rapidly turn into motor activity, or it can be seen
as rhythmic polyspikes in EEG recorded on the scalp. In
all our patients this activity disappeared rapidly.
Therefore, our current findings may support in part
the previous anecdotal reports of the clinically ob-
served®* and the EEG-verified>® epileptic discharges
during sevoflurane anesthesia. The rhythmic polyspikes
associated with tachycardia seen here resemble very
closely, both in shape and frequency, those polyspikes
presented in an early enflurane study by Rosén and
Soderberg.’® In their study of healthy, hyperventilated
children, the rhythmic polyspikes changed to general-
ized epileptic discharges. Although we registered epilep-
tiform EEG patterns, especially during hyperventilation,
polyspikes were seen also in patients breathing sponta-
neously. We did not, however, record generalized EEG
discharges in this study. Therefore, further studies are

Fig. 2. Electroencephalogram (EEG) dur-
ing anesthetic induction in a patient
without epileptiform activity. Six min-
utes of electroencephalography (EEG)
are presented in three 2-min sections.
EEG is recorded with the Fpl-left mas-
toid electrode pair. Electromyogram and
movement artifacts are followed by eye
blinks, slow-rolling eye movement, and
fast activity. The rhythmic slow activity,
followed by mixed frequency slow activ-
ity, lasts until the end of the trial. B = eye
blinks; EMG = electromyographic activ-
ity; F = fast EEG activity; M = movement
artifact; SR = slow-rolling eye movement.

needed to elucidate the possible relation of our findings
with true epileptic activity.

The explanation for the occurrence of epileptiform
EEG activity during anesthetic induction with sevoflu-
rane mask is not clear. One possibility is the speed of the
anesthetic induction, which may change the balance of
neuronal synaptic inhibition and excitation in the central
nervous system. These rapid changes at the target site
have been suggested as an explanation for the seizures
associated with propofol anesthesia,'® and the same
mechanism can also play a role with sevoflurane. How-
ever, desflurane is an even faster anesthetic, yet it is not
known to cause epileptiform activity.

Another possible mechanism explaining the differ-
ences in EEG is the ventilation mode itself. In patients
breathing spontaneously, mean arterial carbon dioxide
tension at 6 min after anesthetic induction was 52
mmHg, which probably caused cerebrovascular vasodi-
latation. Hyperventilation decreased the mean tension to
31 mmHg, which is sufficient to induce cerebrovascular
vasoconstriction'” and alkalosis. Theoretically, this vaso-

Table 3. Time Interval (s from Beginning of Sevoflurane Inhalation) to the Appearance and Duration (s) of EEG Events during

Induction of Anesthesia with Sevoflurane

Spontaneous Breathing

Controlled Hyperventilation

Appearance Duration Appearance Duration
8 Activity 78 = 20 58 * 67 66 + 30 30 £ 14
Slow & activity 99 * 31 102 = 87 97 £ 37 44 + 25
8 Monophasic activity 139 = 62 103 + 53 113 £ 28 50 = 17
Slow & monophasic activity with spikes 184 + 91 47 = 30 132 =17 50 =17
Burst suppression 255 = 58t 76 = 54 — —
Burst suppression with spikes — — 298 + 49 66 + 49
Polyspikes 224 + 41~ 124 + 46 190 = 23 82 £ 45
Rhythmic polyspikes 281% 79 248 = 49 99 + 57

Data are mean = SD.

* Differences between groups significant at P < 0.05.
T Two observations.

I One observation.

EEG = electroencephalography.
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Fig. 3. Electroencephalogram (EEG) dur-
ing anesthetic induction in a patient with
epileptiform EEG and jerking movements
of the left shoulder area. Six minutes of
electroencephalography (EEG) are pre-
sented in three 2-min sections. Three 10-s
samples of EEG data, indicated with hor-
izontal bars, are presented below with
the corresponding number. EEG is re-
corded with the Fp2-right mastoid elec-
trode pair. After an eye blink and fast
activity, monophasic delta waves (first
2-min section) are seen. High-frequency
polyspikes appear on top of these waves
(second 2-min section, sample 1, aster-
isks). They are followed by arrhythmic
mixed-frequency activity with low-fre-
quency polyspikes (second 2-min sec-
tion, sample 2), and rhythmic polyspike
activity (third 2-min section, sample 3).
Jerking movements occurred at 90—120 s
(the latter half of the first 2-min section),
corresponding with maximal increases
in heart rate (from baseline, 84 to 121
beats/min) and MAP (from 98 to 126
mmHg). B = eye blink; F = fast EEG ac- - 1s

tivity. 200V

+

constriction and alkalosis, together with sevoflurane,
may activate epileptiform EEG patterns. In our patients,
the spikes occurred within 1.5 min of the beginning of
hyperventilation, probably more quickly than the vaso-
constrictive or pH effects of decreased carbon dioxide in
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Fig. 4. Heart rate (beats/min) during the trial in patients with
controlled hyperventilation (CH, closed diamond) and sponta-
neous breathing (SB, open diamond). Data are expressed as the
mean * SD. ## and ### = differences from the reference value
in controlled hyperventilation group, at P < 0.01 and 0.001,
respectively. **P < 0.001.
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the brain. Furthermore, although the epileptiform EEG
patterns in our study were more common in hyperven-
tilated patients, they were also seen in 7 of 15 subjects
not undergoing hyperventilation. Thus, ventilation mode
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Fig. 5. Mean arterial pressure (mmHg) during the trial in pa-
tients with controlled hyperventilation (CH, closed diamond)
and spontaneous breathing (SB, open diamond). Data are ex-
pressed as the mean = SD. # and ## = differences from the
corresponding reference value, at P < 0.05 and 0.01, respec-
tively. *P < 0.05. *P < 0.01. **P < 0.001.
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may provoke epileptiform EEG, but it cannot totally
explain our current findings.

The monophasic sharp waves seen here resemble the
K complex seen in EEG during physiologic sleep, as
described by Amzica and Steriade.'® They showed that
the K complex is a rhythmic waveform resulting from
oscillations of excitation and inhibition, which has a
frequency of 0.5-0.7 Hz. Maximal cellular activity coin-
cided with the sharp positive peaks of this waveform.
Interestingly, epileptiform spikes in our patients coin-
cided with peaks in this monophasic waveform (fig. 3).
Conversely, in some patients, this monophasic wave
resembled the triphasic waveform also seen occasionally
in epileptic conditions.'" Oscillation activity similar to K
complexes has also been described during anesthesia.'®
Therefore, the K complexes and spikes shown in our
study may share a common mechanism at the cellular
level, and the decreased inhibition may produce the
epileptiform spikes during anesthesia, particularly when
cellular activity is maximal during positive sharp waves.
Recent studies have shown that isoflurane, enflurane, or
sevoflurane each causes an increase in cortical somato-
sensory evoked potentials.’*' This can be explained by
the stronger suppressive effect of these anesthetics on
Taminobutyric acid adrenergic inhibitory activity than
on thalamocortical excitatory activity, and this further
supports the view of inhibitory- excitatory imbalance in
our patients.
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Fig. 6. Change (percentages from baseline to 4 min) in heart
rate in patients without (No) and with (Yes) epileptiform elec-
troencephalographic activity. Dotted line indicates a more than
30% change level used in the Fisher exact test. P < 0.01 between
the groups.
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Table 4. Arterial Blood-Gas Analysis 6 min after Beginning of
Sevoflurane Inhalation

Spontaneous Controlled
Breathing Hyperventilation Result
pH 7.32 = 0.02 7.46 = 0.05 P = 0.0001
PO2 (mmHg) 152 + 38 200 = 56 P =0.013
PCO2 (mmHg) 521+ 3.7 31.5+52 P = 0.0001
BE (mm) -0.27 = 1.26 —-0.63 = 1.16 P = 0.442

Data are mean = SD.

An increase in heart rate was not accompanied by any
significant increase in blood pressure in patients show-
ing an epileptiform EEG. This is partly explained by the
decreasing effect of sevoflurane on total peripheral re-
sistance.?* Because no effect of hyperventilation on he-
modynamics was seen in our previous study,4 it is un-
likely that the ventilation mode itself had any major
effect on hemodynamics.

In conclusion, we have shown an association between
heart rate and epileptiform EEG during anesthetic induc-
tion with the sevoflurane-nitrous oxide-oxygen mask in
healthy adults. Epileptiform EEG phenomena were reg-
istered in patients undergoing controlled hyperventila-
tion and also during spontaneous breathing of sevoflu-
rane. The increase in heart rate of more than 30% during
sevoflurane mask induction indicated epileptiform EEG
activity.
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