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We present a case series of four cerebellopontine angle surgeries with intraoperative
detection seizure activity. The cases discussed follow the uniform anesthetic protocol
of maintenance with infusion of propofol, fentanyl and dexmedetomidine excluding
muscle relaxant, targeted to maintain bispectral index (BIS) in the range of 40 to 60. The
cases experienced either of the two scenarios: (1) Unexplained increased or widely vary-
ing BIS values associated with increases in BIS electromyography (EMG) and motor man-
ifestation of seizure activity in limbs. (2) Varying BIS values with EMG activation of facial
nerve monitoring without motor manifestation in limbs. A common theme noticed in all
these cases was the utilisation of tranexamic acid in cumulative doses of 25 to 30 mg/kg
and amelioration of the seizure activity with a loading dose of phenytoin (15 mg/kg).
A hypothesis is being presented linking intraoperative seizures with a combination of

= tranexamic acid tranexamic acid utilisation.

Introduction

Intraoperative seizures are rare occurrences due to cortical
suppression by anesthetic agents. Furthermore, if intraoper-
ative electroencephalographic (EEG) monitoring (raw or pro-
cessed) is not employed, diagnosis is missed due to the use
of neuromuscular blocking agents. Infratentorial tumors are
rarely implicated as a cause of seizure.! In this case series, we
describe four patients who developed intraoperative seizures
during surgery for their cerebellopontine (CP) angle tumor.
In all these patients, characteristic changes were observed
in the bispectral index (BIS) values which were presumed to
be due to intraoperative seizure, and the BIS changes disap-
peared with the administration of loading dose of phenytoin
intravenously. Informed written consent from the relatives of
patients was obtained before writing this report.

Case Reports

Case 1
A 33-year-old male presented with a history of gait dis-
turbance and deafness in right ear for 2 years. Magnetic
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resonance imaging of the brain revealed a right CP schwanno-
ma, and microsurgical decompression was planned through
retromastoid craniectomy in left lateral position. BIS elec-
trode (BIS Quatro-sensor™, A-2000 EEG version 3.4 monitor-
ing system, Massachusetts, USA) was placed on the forehead
of contralateral side (left), and the facial nerve monitoring
electrodes (NIM Response 3.0, Medtronic, Minneapolis, USA)
were inserted on ipsilateral frontalis, orbicularis oculi, orbi-
cularis oris and mentalis muscles. Patient was induced and
maintained with propofol infusion using target-controlled
infusion (TCI) (Fresenius Kabi, Brezins, France) with target
BIS in the range of 40-60. During surgery, neuromuscular
blocking agents were excluded to facilitate facial nerve elec-
tromyographic (EMG) monitoring with in-field direct elec-
trical stimulation. Fentanyl boluses were used for analgesia.
Patient was loaded with tranexamic acid intravenously at a
dose of 1 g (15 mg/kg) followed by 150 mg (2.5 mg/kg) hourly
boluses throughout surgery to reduce intraoperative bleed-
ing. During tumor dissection, the BIS, which hitherto had
been stable, increased to 70 along with an increase in BIS-
EMG (=Fig. 1). The EEG waveform obtained from BIS moni-
tor also showed high amplitude fast activity. The facial nerve
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Fig. 1 High electromyographic band power in bispectral index monitor with high bispectral index value during intraoperative seizure in (A) case 2
and (B) case 4. Note the signal quality index is maintained, thus ruling out any recognized artefacts.
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Fig. 2 Trend of bispectral index changes during intraoperative course of events. (A) Case 2 and (B) case 4.

monitor, however, did not record any EMG activity. Propofol
TCI effect-site target was increased from 2.5 to 5 ug/ml as the
increase in BIS was thought to be due to light plane of an-
esthesia. The EMG activity stopped transiently but resumed
after 5 min, even with TCI target of 5 ug/ml. Later, the op-
erating surgeon complained of jerking type of movement of
the patient’s neck and shoulders. Upon checking under the
drapes, it was noticed that the limbs on the ipsilateral side
of lesion were indeed jerking, with no movement on the op-
posite side. The temperature of the patient was 36.8°C. The
jerky movements and EMG activation were presumed to be
motor manifestation of seizure activity, and patient was load-
ed with phenytoin at a dose of 15 mg/kg intravenously. After
15 min of completion of phenytoin infusion, the jerky move-
ments and the EMG activation stopped, BIS values returned
back to 40-60 range and did not recur throughout the surgery
(=Fig. 2). Recovery from anesthesia was not delayed and pa-
tient was extubated uneventfully. Postoperatively, phenytoin
was not prescribed, and the patient did not have seizures at
7-day follow-up. Postoperative computed tomography scan
did not reveal any causative pathology. Ipsilateral (right) sei-
zures associated with contralateral facial twitching (BIS EMG

increases) point to partial seizure with onset zone localised
to contralateral (left) motor cortex although ipsilateral facial
sparing (no EMG recorded in cranial nerve monitor) decreas-
es validity of this hypothesis (due to bilateral innervation of
upper face from unilateral motor cortex).

Case 2

A 45-year-old male patient underwent right CP angle tumor
decompression under facial nerve monitoring with simi-
lar anesthetic protocol as described above. During tumor
dissection, similar increases in BIS-EMG, BIS value and EEG
waveform changes were noticed. However, there was simulta-
neous activation of the facial nerve EMG monitor (ipsilateral -
right) as well. After approximately 20 min of start of EMG
activation, jerky movements in bilateral limbs were noted.
As before, propofol bolus led to transient decrease and phe-
nytoin administration led to permanent resolution within
20 min. Both BIS-EMG and facial nerve monitor EMG showed
resolution of spontaneous activity; however, activation of
in-field facial nerve stimulation was preserved (~Figs. 1A and
2B). Bilateral seizures with bilateral facial twitching point to
a generalised seizure, with an undetermined onset zone.
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Cases 3 and 4

A 32-year-old male patient underwent left CP angle schwan-
noma decompression under facial nerve monitoring with
similar anesthetic protocol as above. Increase in BIS, BIS-
EMG and EEG waveform changes alerted the anesthetist,
whereupon TCI target was increased to 6 pg/ml without ef-
fect. No motor activity in limbs was noted. Spontaneous facial
nerve monitoring EMG discharges commenced after 10 min
concurrent with contralateral increase in BIS-EMG. The dis-
charges were similar to ‘popcorn’ type discharges hitherto
ascribed to local irritation of facial nerve. The continuous
spontaneous cranial nerve monitor EMG activity prevented
actual in-field stimulation-induced discharges from being
identified. Thus, based on previous experience, phenytoin
was administered, and predictably, the EMG activity ceased
after 15 min, with preservation of in-field stimulated EMG
discharges. Isolated facial nerve territory activation suggests
local irritation of facial nerve. Bilaterality of the phenomenon
suggests irritation at the level of facial nucleus (where close
proximity exists).

Case 4 was a 40-year-old male patient with right CP angle
schwannoma had similar intraoperative events, and phenyt-
oin was helpful in ameliorating the EMG activity and ‘pop-
corn’ discharges (=Figs. 1B and 2B).

None of the patients had any previous history of seizure
disorder. The blood glucose (measured by glucometer),
serum electrolytes, temperature and arterial blood gas pa-
rameters of all three patients were within normal limits in
the peri-ictal period. Scalp block had not been administered,
and the dose of local anesthetics used for skin infiltration
was within acceptable dose and the seizures were noticed
after about 1-2 h, thus ruling out the role of excess/intravas-
cular local anesthetics.

The said technique of propofol TCI under BIS monitoring is
being followed at our institution as part of a study protocol.
Until writing of this manuscript, out of 34 CP angle surger-
ies conducted, with two cases of confirmed seizure activity
with motor manifestations and two cases of probable seizure
activity being documented, the incidence of intraoperative
seizure in these surgeries seems quite high.

Discussion

Intraoperative seizure documentation is a rare event, even
rarer in posterior fossa surgeries. Intraoperative BIS monitor-
ing and avoidance of neuromuscular blockers helped in iden-
tifying the seizure episodes. Intraoperative seizure activity
leading to facial muscle contraction may cause increases in
BIS, which is, however, not due to EEG activation but rather
increased EMG content of the signal. The EMG contamination
would actually decrease the probability of documenting clas-
sical spike activity pathognomonic of seizures.

Isolated spontaneous facial territory EMG discharge (cases
3 and 4) occurs quite frequently during these surgeries and
is attributed to local irritation of the facial nerve. However,
in our case, the muscular contractions were bilateral (evi-
denced by both facial nerve EMG [ipsilateral] and BIS EMG
[contralateral]). Isolated facial muscle contraction, whether
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due to spontaneous discharges of the facial nerve or as a part
of seizure activity, was amenable to resolution with a loading
dose of phenytoin. The ablation of spontaneous discharge did
not affect the evoked responses of direct nerve stimulation.
One possibility for these seizures could be localised depolar-
isation of bilateral facial nerve nuclei in the brainstem. Ret-
rograde conduction through motor pathways to the motor
cortex may cause spread of depolarisation and initiate sei-
zure activity.?

Another factor that could have triggered this neuro-
nal hyperexcitability was tranexamic acid administration,
even though the doses used were slightly more than nor-
mal range.> Sharma et al. had noted that, during cardiac
surgeries, the median dose of tranexamic acid that result-
ed in postoperative convulsive seizures was 100 mg/kg
with a range of 31 to 175 mg/kg.* The cumulative dose
of tranexamic acid in our case series was 25 to 30 mg/kg.
Multiple retrospective studies have reported the incidence
of postoperative seizures, attributable to tranexamic acid
ranging from 0.9% to 7.3%. Intraoperative seizure activity
attributable to this drug, however, has not been report-
ed.> Tranexamic acid has been shown to inhibit gamma-
aminobutyric acid (GABA,)-mediated inhibitory synaptic
transmission and competitively inhibit glycine receptors in
mice.””’” Even with normal doses of tranexamic acid, as in our
case series, neuronal handling could have resulted in spread-
ing of localised depolarisation due to partial inhibition of
GABA-mediated inhibitory mechanisms. However, this hy-
pothesis needs to be proven.

Intraoperative seizures under general anesthesia have
been reported in a variety of case reports and systematic re-
views with aetiology proposed as neurosurgical procedure
itself, previous history of epilepsy, cochlear implant inser-
tion, awake craniotomy, transcranial motor evoked potential
monitoring and deep hypothermic cardiac arrest.®'? In our
cases, possibly a combination of factors, namely tranexam-
ic acid and localised neuronal irritation caused by surgery
caused the seizure activity.

In the absence of neuromuscular blockade, high EMG ac-
tivity contaminated the EEG recording resulting in falsely
high BIS values. Sustained frontalis muscle EMG has been
shown previously to cause artificially high BIS values.”
Higher BIS values during seizure activity under neuromus-
cular block have also been reported in previous case reports,
which likely reflect hypersynchronous neuronal discharges
in the frontal lobe.™ Sudden onset sustained high BIS values
in the absence of known causes of EEG artefacts and under
acceptable levels of anesthetic administration thus should
not be rejected as artefactual, and clinical suspicion should
be maintained to diagnose intraoperative seizure activity.
In our cases, we could not administer muscle relaxant to
eliminate confounding of the EEG signal by EMG as these
events occurred during tumor dissection when facial
nerve monitoring was being utilised. These patients did not
have postoperative seizures, and phenytoin was not admin-
istered in the postoperative period. Hence, postoperative
seizure risk did not seem to be increased with documented
intraoperative seizure activity.
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Conclusion

Our findings were purely observational and serendipitous in
nature but lend themselves to explanation based in previous
evidence. Prospective observational studies in this group of
patients are required to validate our findings. Utilisation of
BIS and close observation of the EMG activity displayed are
crucial to the diagnosis of this condition, and high clinical
suspicion should be maintained in this context.
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