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We evaluated the effectiveness of alfentanil and fenta-
nylin stimulating epileptogenic activity during surgery
for intractable temporal lobe epilepsy under general an-
esthesia. Ten patients received a standardized anes-
thetic induction with IV fentanyl 5 ug/kg, propofol
3-5 mg/kg, and atracurium 0.5 mg/kg. Maintenance
was with isoflurane, 70% N,O/30% O,, and an atra-
curium infusion. After dural opening, droperidol
0.02 mg/kg was administered IV. Both inhaled anes-
thetics were discontinued and verified to be at 0 end-
tidal concentration before the study. Baseline electro-
corticography over the surface of the temporal lobe and
depth electrode recordings in the amygdala and hip-
pocampus were obtained, followed by 10 min of record-
ing before and after the IV administration of both alfen-
tanil 50 ug/kg and fentanyl 10 ug/kg. Any changes in
cardiovascular variables were documented. The num-
ber of interictal epileptiform spikes at the most active
site for each patient was tabulated before and after the

administration of each drug. Both alfentanil and fenta-
nyl induced an increase in spike activity in all patients.
Alfentanil was more potent, increasing the median
number of spikes per epoch from 18 to 58, compared
with fentanyl (20 to 42 spikes) (P < 0.05). Alfentanil had
a shorter duration of action (4.9 * 1.3 min) compared
with fentanyl (8.5 = 2 min) (P < 0.009). In nine patients,
the most active site was the hippocampus or amygdala.
There was a decrease in mean blood pressure, but only
after the administration of alfentanil (P < 0.05). Two
patients had electrographic evidence of seizure activity.
These opioids can be used to assist in the localization of
the epileptogenic focus during surgery. Implications:
Both alfentanil and fentanyl activate epileptiform activ-
ity in patients with temporal lobe epilepsy. These opi-
oids can be used to assist in the localization of the epi-
leptogenic focus during surgery.

(Anesth Analg 1999;88:1101-6)

amenable to surgical treatment to eliminate or

decrease the frequency of their seizures. This
surgery most commonly involves the excision of a
temporal lobe epileptogenic focus. Before surgery, pa-
tients are investigated to determine the approximate
location of the focus. Further localization is performed
intraoperatively with electrocorticography (ECoG) us-
ing electrodes placed directly on the cortex after the
brain has been exposed (1-3). Epilepsy surgery can be
performed with the patient awake or under general
anesthesia. The ability to monitor ECoG is more diffi-
cult during general anesthesia, as the anesthetics in-
fluence the recordings by suppressing electrical brain
activity. It is often necessary to chemically stimulate
the epileptogenic activity to aid in the localization of

Patients with intractable partial seizures may be

Accepted for publication February 11, 1999.

Address correspondence and reprint requests to Pirjo H.
Manninen, MD, Department of Anaesthesia, The Toronto Hospital,
Western Division, 399 Bathurst St., Toronto, Ontario, Canada M5T
2S8.

©1999 by the International Anesthesia Research Society
0003-2999/99

the epileptogenic focus. Many different drugs have
been used to activate epileptiform activity, including
methohexital, thiopentol, propofol, enflurane, and ket-
amine (4-6). Both alfentanil and fentanyl have also
been shown to increase epileptiform activity in pa-
tients with epilepsy (7-9). The purpose of this study
was to compare the effectiveness of alfentanil and
fentanyl in activating the epileptogenic focus during
surgical resection for intractable temporal lobe epi-
lepsy in adults under general anesthesia.

Methods

After approval from the institutional ethics review
board and written, informed consent, we studied 10
patients with epilepsy undergoing surgical resection
of an epileptogenic focus under general anesthesia. All
patients had medically intractable temporal lobe epi-
lepsy. One patient had previously undergone resec-
tion of an anterior temporal lobe tumor, which
showed no evidence of recurrence. Preoperatively, the

Anesth Analg 1999;88:1101-6 1101



1102 NEUROSURGICAL ANESTHESIA MANNINEN ET AL.
LOCALIZATION OF EPILEPTOGENIC FOCUS

epileptogenic region was localized using prolonged
scalp electroencephalography (EEG) and video moni-
toring, combined with the results of neuropyschologi-
cal testing and magnetic resonance imaging (MRI).
The patients continued receiving their regular anticon-
vulsant medication until the time of surgery. No pre-
operative medication was given. The anesthetic man-
agement of the patients was standardized. Routine
monitors included electrocardiogram, pulse oxime-
tery, blood pressure by intraarterial catheter, esopha-
geal temperature, and continuous end-tidal CO,, ni-
trous oxide, and isoflurane concentrations. Anesthesia
was induced with IV fentanyl 5 ug/kg, propofol
3-5 mg/kg, and atracurium 0.5 mg/kg or succinycho-
line 1.5 mg/kg. The trachea was intubated, and the
lungs were ventilated to maintain arterial CO, partial
pressure within 35-38 mm Hg. Anesthesia was main-
tained with 70% nitrous oxide, 30% oxygen, isoflu-
rane, and additional fentanyl, as required, during in-
sertion of the head pins and during the craniotomy.
Bupivacaine 0.5% with epinephrine was used at the
sites of pin insertion and for the scalp incision. The
patient’s temperature was maintained within normal
limits. Muscle relaxation was maintained with an in-
fusion of atracurium, titrated to two twitches on a
train-of-four test.

After the craniotomy and opening of the dura, and
approximately 20 minutes before ECoG monitoring,
isoflurane was discontinued. ECoG electrodes (either
carbon balls or steel discs) were placed over the ex-
posed lateral temporal cortex and immediately above
the Sylvian fissure over frontocentral cortex. In addi-
tion, two four-contact depth electrodes were inserted
orthogonally through the second temporal gyrus with
their tips situated to record from the region of the
amygdala and anterior hippocampus, respectively.
Droperidol 0.02 mg/kg IV was administered. Nitrous
oxide was also discontinued to prevent any depres-
sion of electrical activity of the brain. Before diagnostic
ECoG monitoring, isoflurane and nitrous oxide end-
tidal concentrations were both verified to be 0. During
the preoperative assessment, the patient had been
warned of the possibility of awareness during the time
of ECoG recording.

All ECoG monitoring was performed by the
neurologist-electroencephalographer  (RW).  After
10 min of steady-state recording for a baseline, pa-
tients received the first study drug, IV alfentanil
50 pg/kg. ECoG was continued for at least 10 min or
until the return of baseline activity, including disap-
pearance of alfentanil-induced slow-wave activity. IV
fentanyl 10 ug/kg was administered, and the ECoG
was observed for another 10 min. During the ECoG
recordings, the blood pressure and heart rate were
continuously monitored and documented before and
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0, 3, 5, and 10 min after each study drug administra-
tion. Any change in cardiovascular variables was
noted.

Although not part of this study, the management of
two of the patients included the use of motor cortex
mapping after the ECoG recordings. This involved
discontinuing muscle relaxation and the administra-
tion of additional doses of fentanyl. When all testing
was completed, the anesthetic was resumed with the
addition of nitrous oxide, isoflurane, and muscle
relaxation.

The ECoG was interpreted by the neurologist (RW)
and neurosurgeon (AL) during the procedure, and the
findings were incorporated into the final surgical
planning. ECoG results were quantified with respect
to the activation effects of alfentanil and fentanyl by
the neurologist postoperatively when the entire study
was completed. Epileptiform activity (spikes and
sharp waves) was identified using the same criteria
outlined for scalp EEG by Gloor (2). The number of
epileptic spikes or sharp waves (hereafter referred to
collectively as spikes) per epoch was tabulated from
the most active site for each patient. An epoch was
arbitrarily defined as a duration of 1 min, and the
epileptiform activity was quantitated for 5 min before
and after each drug administration. Any evidence of
electrographic seizure activity was documented.
ECoG data before, during, and after drug administra-
tion for the 10 patients were analyzed as the median,
minimal, and maximal number of spikes per epoch.
Comparisons among baseline, drug effects, and recov-
ery were performed using Freedman two-way analy-
sis of variance with multiple comparisons using
Wilcoxon test. Baseline was defined as the number of
spikes per epoch just before the administration of each
study drug, and the drug effect was the number of
spikes at the epoch that showed the maximal effect.
Recovery was assumed to be the number of spikes at
the epoch that showed no change or <10% change
from the preceding five epochs. P < 0.05 was consid-
ered significant.

Results

All 10 patients completed the study. The mean = sp
age of the patients was 36 = 9 yr, gender ratio (F:M)
was 4:6, and weight was 76 * 15 kg. The total dose of
fentanyl used at induction was 4.6 = 0.9 ug/kg, and
the total dose of fentanyl administered before the
ECoG study was 5.9 = 1.3 ug/kg. The time interval
from the last dose of fentanyl to the study was 142 *
61 min. The median number of spikes per epoch and
the cardiovascular changes before and after the ad-
ministration of each study drug are shown in Table 1.
Both alfentanil and fentanyl induced an increase in
spike activity in all patients, but alfentanil was more
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Table 1. Results

Alfentanil Fentanyl
A B C D

Before After Before After

Spike activity” 18 58* 20 42t
MAP (mm Hg) 100 + 15 80 = 15 (3 min)} 86 + 14 84+ 14
75 £ 12 (5 min)} 82+15
79 = 12 (10 min)f 83+ 16

Heart rate (bpm) 75+ 15 66 * 14 (3 min) 60 £ 8 60 =8

62 = 10 (5 min) 61+9

61 = 10 (10 min) 61 = 10

Values are mean * sp.

MAP = mean blood pressure.

*P < 0.05 versus A, C, and D.

t P < 0.05 versus A and C.

1P < 0.05 versus A.

“Median number of spikes per epoch.

potent (Figure 1A). The most active site was the hip-
pocampus or amygdala in nine patients. In the one
patient with previous temporal lobe tumor resection,
the most active site was on the previous resection
margin of the inferior temporal gyrus. Nine of the 10
patients showed spontaneous spikes before chemical
activation at what was subsequently defined as the
most active site. In these patients, the site of maximal
activation (hippocampus and/or amygdala or, in the
patient with previous tumor resection, inferior tempo-
ral gyrus) was identical to the localization of the most
abundant spontaneous spiking. In the other patient,
who had MRI-evidenced and pathologically con-
firmed mesial temporal sclerosis, alfentanil and fent-
anyl activation induced spiking restricted to the hip-
pocampus and amygdala.

In apparent contrast to the activating effects of other
chemicals used during ECoG (e.g., methohexital),
which tend to increase limbic and temporal neocorti-
cal spiking to a similar degree in patients with inde-
pendent mesial and lateral interictal epileptiform ac-
tivity (6), no significant activation of the relatively
infrequent independent spikes recorded over tempo-
ral neocortex in six of the nine patients with limbic-
maximal spiking was seen after the administration of
alfentanil or fentanyl. The other three patients showed
no epileptiform activity over temporal neocortex be-
fore or after opiate activation. No epileptiform activity
was recorded above the Sylvian fissure in any of the
patients during this study before or after opiate
administration.

The duration of the ECoG-activating effects of alfen-
tanil was 4.9 = 1.3 min and for fentanyl was 8.5 =
2 min (P < 0.009; two-tailed Student’s t-test for inde-
pendent samples). The time interval between the ad-
ministration of alfentanil and fentanyl was 12 *
1.6 min. The ECoG had returned to baseline before the
administration of fentanyl. Two patients had electro-
graphic seizure activity, one after the administration
of alfentanil and the other after the administration of
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both alfentanil and fentanyl (Figure 1B). The seizures
ceased spontaneously. One patient had a marked in-
crease in blood pressure and heart rate that lasted <
2 min during the seizure after the administration of
alfentanil. The overall cardiovascular changes after the
administration of the opioids showed a decrease in
mean blood pressure, which was significant only after
the administration of alfentanil (Table 1). There was
no difference among baseline blood pressures, and
there were no significant changes in the heart rate. The
recovery of the patients was not delayed due to the
study drugs, and there were no anesthetic-related
complications postoperatively.

All patients underwent standard anterior temporal
resection plus amygdalo-hippocampectomy. In the
early postoperative period, two patients had a seizure
during recovery in the intensive care unit, and three
other patients had seizures on the second or third
postoperative day. The mean discharge time from the
hospital was 5 = 2 days. Patients were all discharged
home with their usual antiepileptic medications. Nine
of the 10 patients were seizure-free [Class I of Engel
(10) classification] after surgery at 6—-18 mo follow-up.
The remaining patient showed worthwhile improve-
ment (>90% reduction in seizure frequency, Class III).
Temporal lobe pathology showed hippocampal scle-
rosis in seven patients, cavernous angioma in one
patient, hamartoma in one patient, and gliosis in the
patient with previous tumor resection.

Discussion

Alfentanil and fentanyl are routinely used in anesthe-
sia in a wide range of doses. There are numerous
reports questioning the relationship of opioids and
seizure-like activity in patients (11,12). Most previous
studies and case reports have included patients who
were not known to have epilepsy. Opioids have not
been shown to produce epileptiform activity on EEG
monitoring in patients with no history of epilepsy, but
they may produce myoclonic movements that may
clinically resemble seizure-like activity.

Animal studies have shown that the administration
of fentanyl and alfentanil may produce electrographic
seizure activity (13,14). In rats, the peri-hippocampal
area contains a high density of opioid receptors. Smith
et al. (11) attempted to determine whether opioid-
induced rigidity represented epileptic seizure activity
in patients not known to have epilepsy. They studied
127 patients anesthetized with large doses of fentanyl,
sufentanil, and alfentanil. EEG recordings were per-
formed with six surface electrodes, although, in four
patients, intranasal electrodes were added to look for
“subcortical” activity. Patients” movements and rigid-
ity were clinically assessed, as well as hemodynamic
monitoring. Clinically, 46 patients manifested intense
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Figure 1. A, Patient 2. Bipolar recordings from right hippocampus before the administration of alfentanil (top), 1 min after the administration
of alfentanil (middle), and 5 min after the administration of alfentanil (bottom). Middle tracing shows activation of interictal epileptiform
spiking induced by alfentanil. P1, P2, P3 = hippocampal depth electrode contacts; P1 deepest. B, Patient 4. Single channel of bipolar recording
from right amydala showing onset of electrographic seizure 2 min after the administration of alfentanil. Top tracing shows activated interictal
spikes followed by seizure onset (abrupt flattening); bottom tracing is continuation of the top and shows seizure offset and postictal

attenuation. D1, D2 = amygdala depth electrode contacts; D1 deepest.

rigidity resembling seizures, but the only observed EEG
change consisted of small sharp waves related to muscle
activity or artifact. There was no epileptiform activity in
the limited EEG tracings, nor was there an increase in
sympathetic activity indicating epileptic seizures. The
authors concluded that most cases of seizure-like activity
previously reported were due to opioid-induced rigid-
ity, rather than to epileptic seizures.

Opioids can induce electrographic seizures dur-
ing ECoG recordings in patients with epilepsy. One
study examined the effect of fentanyl in nine pa-
tients undergoing surgery for intractable complex
partial seizures. Tempelhoff et al. (7) studied pa-
tients by using epidural ECoG electrodes implanted
24-72 h before surgery. During surgery, they used a
moderate dose of fentanyl during the induction of
anesthesia (mean 25.7 ug/kg) while continuously
recording the ECoG from both infratemporal re-
gions. Eight patients exhibited electrographic sei-
zures detected in the perihippocampal leads. One
interesting finding of this study is that fentanyl also
induced electrographic seizures from the contralat-
eral “nonepileptic” temporal lobe in four patients.
However, this observation of contralateral seizure
induction cannot be interpreted as evidence that
fentanyl can induce seizure activity in normal brain

tissue, as the patients were presumably all bitempo-
ral epileptics being investigated with chronic intra-
cranial ECoG to determine the side most responsible
for their clinical seizures. The doses used in the
study of Templehoff et al. (7) were moderate and
may not be optimal for use during ECoG performed
in the middle of a procedure. Furthermore, they did
not analyze interictal spikes, which are the markers
of epileptogenesis typically sought during intraop-
erative ECoG.

Cascino et al. (8) retrospectively studied the effects
of IV alfentanil 50 ug/kg in 23 patients during surgery
for intractable epilepsy under general anesthesia.
ECoG was performed with electrodes placed on the
basal and superior surfaces of the temporal lobe and
suprasylvian region. Three depth electrodes were in-
serted into the amygdala and hippocampus. These
authors found an increased frequency of interictal ep-
ileptiform discharges in 20 patients. One patient had a
recorded electrographic seizure. The surgically ex-
cised temporal lobes in these patients revealed cortical
gliosis and varying degrees of hippocampal neuronal
loss in all patients. Alfentanil had no significant effect
on spike activity in the suprasylvian region. The max-
imal effect of alfentanil occurred 30 s to 3 min after the
administration of the drug.
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Another more recent article reported the effect of
alfentanil activation of epileptiform activity in chil-
dren. Keene et al. (9) studied the effect of 20 ug/kg
alfentanil IV and methohexital 0.5 ug/kg in 12 pa-
tients. Activation of epileptiform activity was consid-
ered significant if there was an increase of =50% after
the administration of the drug. Ten patients (83%) had
alfentanil-activated epileptiform abnormalities. Three
patients (25%) had evidence of electrographic sei-
zures. The activation occurred within 5 min of admin-
istration. After the administration of methohexitol,
only six patients (50%) had activation of epileptiform
abnormalities. Many of the patients in the study had a
mesial temporal location of their epileptic foci. An
increase in heart rate and blood pressure occurred in
the three patients who had simultaneously recorded
electrographic seizures on ECoG, strongly suggestive
of clinical seizures. Muscle relaxants were used; there-
fore, other physical features were blocked.

One other study of opioid-induced epileptiform ac-
tivity deserves mention. Kearse et al. (15) studied the
effects of the IV administration of fentanyl 100 ug/kg
(given in four divided doses) in patients with no his-
tory of epilepsy. Using a full array of scalp EEG elec-
trodes, they described the induction of generalized
interictal spikes in almost every patient studied, which
were seen to occur (in their illustrations) over a mod-
erately severe generalized background activity distur-
bance, presumably reflecting the opiate anesthesia.
Their interpretation that such generalized spikes
could arise from a focal “deep generator source” is
questionable, as the potentials recorded by scalp EEG
represent electrical activity generated in the superfi-
cial cerebral cortex (2). They also noted that spike
frequency decreased with increasing serum opioid
concentration, likely representing progressive
inhibition/suppression of brain electrical activity at
the higher concentrations. The observed changes may
have represented a dose-related transition to burst-
suppression anesthesia, with generalized intermin-
gled spikes and sharp waves at the lighter levels of
anesthesia. In any event, the intriguing findings of
Kearse et al. (15), who used maximal dosages of fen-
tanyl 10 times those used in this study, are not directly
relevant to the observations of focal activation of in-
tracranially recorded epileptiform activity during in-
traoperative ECoG described herein.

In our study, both alfentanil and fentanyl produced
an increase in interictal epileptiform activity on ECoG.
The increase was greater, but of shorter duration, with
alfentanil. We used a large dose of alfentanil, 50
png/kg, based on a previous study (8). The dose of
fentanyl was chosen to reflect a potency ratio of alfen-
tanil to fentanyl 5:1. We were unable to randomize the
order of administration of alfentanil and fentanyl be-
cause of the longer duration of action of fentanyl. This
large dose given at this time did not interfere with the
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emergence from anesthesia of any patient. In practical
terms, using fentanyl to activate an epileptic focus is
probably not ideal because of its longer duration of
action. All patients did receive fentanyl for induction
and during the craniotomy, although the time interval
from the last dose of fentanyl was 142 = 61 min. We
cannot rule out the effect of some remaining fentanyl
on the results of this study, but we also wanted our
study to reflect clinical practice. The lingering effects
of some alfentanil may have also influenced the results
of fentanyl during the study, although our ECoG had
returned to baseline.

Two patients had electrographic evidence of seizure
activity. Although we were unable to detect any
movement because the patients had muscle paralysis,
one patient did have an increase in blood pressure and
heart rate associated with the electrographic seizure.
Otherwise, there was a trend for the blood pressure to
decrease after the administration of alfentanil; how-
ever, no treatment was required.

The mechanisms underlying opioid-induced epilep-
togenic activity are poorly understood and require
further investigation. Experimental evidence suggests
that induction of epileptiform activity may be medi-
ated through opiate activation at multiple receptor
subtypes, including ¢, 8, u, o, and « receptors (16,17).
A separate mechanism of activation may be mediated
by opiate antagonism of inhibitory GABAergic neuro-
transmission (18-20). Zhang et al. (21) showed that
methohexital potentiates GABA-mediated synaptic in-
hibition and likely activates epileptiform activity at
ECoG through a resulting increase in neuronal syn-
chrony. The similar activation of interictal epilepti-
form activity seen at ECoG with opiates and barbitu-
rates, apparently acting through opposing effects on
central nervous system inhibitory GABAergic trans-
mission, is interesting in that multiple mechanisms
may underlie human epileptogenesis. Furthermore,
methohexital, unlike the activating opiates, is not
prone to induction of ictal electrographic seizure ac-
tivity at ECoG (6,9) and seems to show less specificity
to limbic structures in its activating effects than the
opiates.

In conclusion, in this study, we showed that both
alfentanil and fentanyl activate epileptiform activity in
patients with temporal lobe epilepsy. These opioids
can be used to assist in the localization of the epilep-
togenic focus, as the activating effects seem restricted
to regions of epileptogenic brain tissue. Because elec-
trographic seizures were induced in two patients, the
dose of alfentanil may not need to be as large as that
used in our study. Fentanyl has a longer duration of
action, which may limit its usefulness, particularly if
different areas of the brain are studied in the same
recording session. The question of whether opioids,
particularly alfentanil or fentanyl, should be used in
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patients with epilepsy in this dose range remains un-
answered. Precautions should be taken, however, as
these patients did show activation of epileptiform ac-
tivity, and the possibility of electrographic seizure
induction by the opioid is real. Further studies are
required to determine the safe dose of opioids in pa-
tients with epilepsy. In this study, we showed that
these opioids are options to previously known anes-
thetics for the activation of epileptiform activity at
ECoG in patients undergoing epilepsy surgery.
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