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Abstract

Nonconvulsive status epilepticus (NCSE) is generally defined as a change in behavior and/or mental
process from the baseline, which is associated with ongoing seizure activity or continuous epileptiform
discharges on electroencephalography (EEG) in the absence of convulsive seizures. The present study
investigated NCSE incidence using serial EEG during the perioperative periods of cerebrovascular sur-
gery at a medium-sized, local hospital. A total of 54 patients were admitted to our department and un-
derwent various neurosurgical procedures over a course of one year. If clinical symptoms worsened
without clear explanation, EEG was performed, resulting in a diagnosis of NCSE in four patients
(7.4%). The EEG abnormalities included periodic lateralized epileptiform discharges in 1 patient,
triphasic waves in 2 patients, and repeated ictal discharges in 1 patient. Improved mental status and
consciousness level, together with disappearance of EEG abnormalities, after appropriate anticonvul-
sant treatment supported the diagnosis of NCSE. The present study stressed the importance of EEG if no
adequate explanation for neurological deterioration can be determined from the clinical course, labora-

tory data, or neuroimaging examination.
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Introduction

Nonconvulsive status epilepticus (NCSE) is general-
ly defined as a deviation in behavior and/or mental
process from the baseline associated with ongoing
seizure activity or continuous epileptiform dis-
charges on electroencephalography (EEG) in the ab-
sence of convulsive symptoms, although no univer-
sal definition for NCSE is accepted.>2529 Convulsive
status epilepticus is easily recognized, whereas
NCSE may present with discrete clinical features
which are difficult to differentiate from uncon-
sciousness and even normal behavior associated
with primary central nervous system disease. There-
fore, NCSE is typically overlooked and, conse-
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quently, not properly treated.®2>3% The incidence of
convulsive status epilepticus in the population with
cerebrovascular disease (CVD) remains unclear, but
is estimated at 14-30%.822.28.32) [n contrast, the inci-
dence of NCSE in patients with CVD is relatively un-
studied.'®?3) The diagnosis of NCSE requires clinical
suspicion and EEG confirmation.%919.25.29.30) NCSE
should be immediately considered in patients with
CVD who suffer worsening of clinical symptoms.29

The present study investigated the incidence of
NCSE through the use of serial EEG during the
perioperative periods of CVD surgery. The relation-
ships between epileptogenesis, management, and
functional outcome were also evaluated.

Materials and Methods

A total of 54 patients with CVD (ruptured aneurysm
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in 6 patients, unruptured aneurysm in 7, in-
tracerebral hemorrhage in 13, intracerebellar
hemorrhage in 5, stenosis of internal carotid artery
[ICA]in 15, occlusion of ICA or middle cerebral ar-
tery [MCA] in 3, moyamoya disease in 2, dural ar-
teriovenous fistula [AVF]in 2, and acute cerebral in-
farction in 1) were admitted to our department and
underwent various neurosurgical procedures be-
tween April 1, 2009 and March 31, 2010. Surgical
procedures included aneurysm clipping in 13
patients, evacuation of intracerebral and cerebellar
hemorrhage in 10 (6 via craniotomy, and 4 via en-
doscopic or stereotaxic), carotid endarterectomy
(CEA) in 15, carotid stenting in 1, superficial tem-
poral artery (STA)}-MCA anastomosis in 6, decom-
pressive craniectomy in 1, endovascular emboliza-
tion of dural AVF in 2, lumbo- or ventriculo-
peritoneal shunt in 5, and external ventricular
drainage in 6. During the perioperative periods of
these surgical procedures, any neurological deterio-
ration, which could not be explained by the clinical
course, laboratory data, or neuroradiological exami-
nation, was investigated by EEG to determine the
possible presence of NCSE. Recordings were ob-
tained from 12- or 16-channel EEGs with electrode
placement according to the international 10-20 sys-
tem. Based on the diagnosis of NCSE, antiepileptic
agents were administered, and the response was es-
timated based on clinical and EEG findings.
Pathophysiological mechanisms of NCSE were also
analyzed with serial EEG and neuroradiological ex-
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aminations. Functional outcomes were assessed at
6-12 months after surgery using the modified
Rankin scale (mRS).3V

Results

Five of the 54 patients exhibited unexpected worsen-
ing of clinical symptoms during the perioperative
period. Four patients (7.4%) had diagnoses of NCSE
based on serial EEG. The detailed clinical courses
and EEG findings of these 4 patients are described
below and summarized in Table 1.

Case 1: A 70-year-old man was found unconscious.
On admission, the patient was in a semicomatose
state (Japan Coma Scale [JCS] 100). Convulsive status
epilepticus was observed in the right extremities,
but was controlled with intravenous diazepam ad-
ministration followed by a phenytoin loading dose.
Computed tomography (CT) revealed a small in-
tracerebral hematoma at the right temporo-occipital
junction, as well as disappearance of cortical sulci in
the right temporo-occipital lobe (Fig. 1A). Con-
trolled ventilation via oro-tracheal intubation was
performed with a midazolam drip infusion.
Extubation was performed on day 3. The patient
remained in a drowsy state and at times exhibited
restless confusion. Verbal comprehension was bare-
ly possible, and aphasia was observed, as well as
right hemiparesis. Magnetic resonance (MR) imag-
ing using the fluid-attenuated inversion recovery se-

Table 1 Clinical profiles of the patients with nonconvulsive status epilepticus (NCSE)

Possible pathophysiological Outcome
Age Neurosurgical mechanisms of NCSE (mRS)
Cl]\?ge (yrs), Diagnosis procedure OI{IIEBStE(:)f EEG pattern Treatment (pre-—
© Sex (timing) Epileptogenic Additional post-
area factors surgery)
1 70, M ruptured embolization day 3 PLEDs small ICH, venous changed AED 1-1
dural AVF (day 30) after 1t temporo- congestion (PHT—-CBZ)
ICH occipital
lobe
2 79, F ruptured neck clipping day 16 triphasic acute SAH, changed AED 1-3
AcomA (day 1) after waves infarction,  meningitis, (PHT—CBZ)
aneurysm SAH rt frontal lobe antibiotics
LP shunt (day day 0 triphasic acute sevoflurane increased
29) after LP waves infarction, anesthesia CBZ
shunt rt frontal lobe
3 75,F cerebellar hematoma day 0 triphasic old infarction, hydrocephalus, PHT 4—4
hemorrhage evacuation waves rt frontal lobe sevoflurane
(day 0) anesthesia
4 77,M MCA STA-MCA day 6 frequent anastomosis hyperperfu- PHT 22
occlusion anastomosis  after ictal site sion
surgery discharges

AcomA: anterior communicating artery, AED: antiepileptic drug, AVF: arteriovenous fistula, CBZ: carbamazepine, EEG:
electroencephalography, F: female, ICH: intracerebral hemorrhage, LP: lumbo-peritoneal, It: left, M: male, MCA: middle
cerebral artery, mRS: modified Rankin scale, PHT: phenytoin, PLEDs: periodic lateralized epileptiform discharges, rt:
right, SAH: subarachnoid hemorrhage, STA: superficial temporal artery.
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Fig. 1 Case 1. A: Computed tomography scan on admission revealing a small intracerebral hematoma at the right
temporo-occipital junction and disappearance of cortical sulci in the right temporo-occipital lobe. B: Fluid-attenuat-
ed inversion recovery magnetic resonance image on day 3 demonstrating a high-intensity area around the hematoma
that extends from the occipital lobe to the temporal lobe and the insular cortex. Multiple flow voids are also observed
in the medial part of the left occipital lobe. C: Arterial phase of the left external carotid angiogram revealing a fistula
from the left occipital artery to the left transverse sinus. D: Venous phase of the left external carotid angiogram
showing prominent venous reflux on the posterior part of the left hemisphere. No obstruction or stenosis of the venous
sinus is observed. E: Electroencephalogram (EEG) (averaged reference) on day 3 showing periodic lateralized epilep-
tiform discharges (PLEDs) on the left. The highest amplitude epileptiform discharges are located in the left middle and
posterior temporal region (T5 of international EEG 10-20 system), which is identical to the hematoma location. F:
EEG on day 11 revealing small-amplitude PLEDs.
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quence (FLAIR) demonstrated a high intensity area
around the hematoma (Fig. 1B). Angiography rev-
ealed a fistula from the left occipital artery to the left
transverse sinus (Fig. 1C), so the diagnosis was dural
AVF. Prominent venous reflux was noted in the
posterior part of the left hemisphere (Fig. 1D).

No convulsive seizures were apparent, but EEG

revealed periodic lateralized epileptiform dis-
charges (PLEDs) on the left (Fig. 1E). The highest
amplitude epileptiform discharges were located in
the left middle and posterior temporal region (T5 of
the international EEG 10-20 system). Based on the
diagnosis of NCSE, the antiepileptic agent was
changed from oral phenytoin to carbamazepine. On
day 11, the patient became well-orientated, although
he still displayed mild aphasia and right hemipare-
sis. PLED amplitudes were significantly decreased
(Fig. 1F). On day 20, the patient was transferred to
another hospital for endovascular embolization of
the dural AVF. One year after successful emboliza-
tion therapy, the patient was able to live indepen-
dently, although very mild aphasia was observed
(mRS 1).
Case 2: A 79-year-old woman suddenly developed
severe headache. She was alert, but CT revealed
subarachnoid hemorrhage (Fig. 2A) and CT an-
giography demonstrated a ruptured aneurysm of the
anterior communicating artery (AcomA). The
patient was sedated with midazolam and CT on the
following day revealed re-rupture of the aneurysm
(Fig. 2B). Clipping of the AcomA aneurysm was per-
formed through the right pterional approach under
general anesthesia (1-3% sevoflurane for 8 hours).
During surgery, temporal occlusion of the left A; for
11 minutes and the left A, for 5 minutes was needed
to perform successful clipping.

Post-surgery, the patient was in a drowsy state
(JCS 30), and CT revealed an equivocal low density
area in the bilateral frontal base (Fig. 2C). In-
travenous administration of edaravone and
phenytoin was started. On day 3, CT revealed a low
density area in the bilateral frontal lobes with in-
tracerebral hemorrhage in the left frontal lobe (Fig.
2D). On days 9-15, antibiotics, such as meropenem
and vancomycin, were systemically administered to
treat post-operative meningitis. On day 13, lumbar
drainage was placed for control of progressive ven-
tricular enlargement. Subsequently, the conscious-
ness level of the patient was increased to JCS 2-10.
However, around day 16, the patient became semi-
comatose. CT failed to detect any additional abnor-
mal findings (Fig. 2E). EEG examination on day 22
revealed triphasic waves in the bilateral frontal
regions, predominantly on the right (Fig. 2F). The
initial negative components of the triphasic waves

exhibited epileptiform morphologies with the com-
ponents resembling spikes of “spike and slow wave”
complexes in the right frontal region (F4 and Fp2).
Based on the diagnosis of NCSE, the antiepileptic a-
gent was changed from phenytoin to carbamaze-
pine, and the patient gradually became alert. EEG on
day 26 showed disappearance of the triphasic
waves.

Lumbo-peritoneal (LP) shunting was performed

under general anesthesia (1-3% sevoflurane for 2
hours) for treatment of progressive hydrocephalus
on day 29. Although the surgical procedure was un-
eventful and post-surgical CT revealed well-con-
trolled ventricular size (Fig. 2G), prolonged uncon-
sciousness following anesthesia was noted. EEG on
day 35 detected the reappearance of triphasic waves
in the bilateral frontal regions (Fig. 2H). The patient
gradually regained consciousness with increased
dose of carbamazepine. At 2 months after the initial
surgery, the patient was alert and could walk with
support. EEG showed disappearance of the triphasic
waves. The patient was transferred to another
department for further rehabilitation, and the mRS
was 3 at 8 months after the initial surgery.
Case 3: A 75-year-old woman was admitted to the or-
thopedic ward of our hospital with a diagnosis of
femoral neck fracture. The patient also had demen-
tia and had been treated with warfarin for previous
cerebral and myocardial infarctions. She had a mRS
score of 4. The patient was found unconscious on
her bed in a drowsy state (JCS 30). CT revealed left
cerebellar hemorrhage and obstructive hydrocepha-
lus (Fig. 3A, B).

The patient underwent hematoma evacuation via
suboccipital craniotomy, followed by external ven-
tricular draining via the left posterior horn under
general anesthesia (0.3-0.5% sevoflurane with fen-
tanyl for 5 hours and 15 minutes). Post-surgical CT
demonstrated successful evacuation of the hemato-
ma and well-controlled hydrocephalus (Fig. 3C), but
the patient remained in a semicomatose state. EEG
on day 5 revealed triphasic waves in the bilateral
frontal regions, predominantly on the right (Fig.
3D). Based on the diagnosis of NCSE, phenytoin ad-
ministration was started. Around day 10, the patient
became alert, and FLAIR MR imaging demonstrated
multiple old infarctions in the white matter of the
bilateral frontal lobes, basal ganglia, and left thala-
mus (Fig. 3E). EEG on day 25 detected rare triphasic
waves in the right frontal region, but no triphasic
waves were noted on day 85. Six months after onset,
the patient was alert, but dependent, due to demen-
tia and the femoral neck fracture. The mRS values
remained unchanged from before onset of cerebellar
hemorrhage.

Neurol Med Chir (Tokyo) 51, March, 2011
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Fig. 2 Case 2. A: Computed tomography (CT) scan on day 0 revealing subarachnoid hemorrhage. B: CT scan on
day 1 showing dense cisternal hemorrhage, indicating re-rupture of the aneurysm. C: Postoperative CT scan show-
ing an equivocal low density area in the bilateral frontal base, predominantly on the right. D: CT scan on day 3
showing a low density area in the bilateral frontal lobes, and intracerebral hemorrhage in the left low density area.
E: CT scan on day 20 revealing no additional abnormal findings. F: Electroencephalogram (EEG) (A;A, reference) on
day 22 revealing triphasic waves in the bilateral frontal regions, predominantly on the right. Triphasic waves in the
right frontal region exhibit ‘‘spike and slow wave’’ complex morphologies (arrows). G: CT scan after lumbo-
peritoneal shunt under general sevoflurane anesthesia demonstrates well-controlled ventricular size. H: EEG on day
35 showing reappearance of triphasic waves in the bilateral frontal regions.
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Fig. 3 Case 3.
obstructive hydrocephalus.

A, B: Computed tomography (CT) scans on day 0 revealing massive left cerebellar hemorrhage and
C: Postoperative CT scan demonstrating well-controlled hydrocephalus.

D: Electroen-

cephalogram (A,A, reference) on day 5 showing triphasic waves in the bilateral frontal regions, predominantly on the
right. The triphasic waves in the right frontal region have ‘‘spike and slow wave’’ complex morphologies (arrows). E:
Fluid-attenuated inversion recovery magnetic resonance image demonstrating multiple old infarctions in the white
matter of the bilateral frontal lobes, basal ganglia, and left thalamus.

Case 4: A 77-year-old man developed cerebral hyper-
perfusion syndrome with temporal deterioration of
consciousness level and worsening of left hemipare-
sis on the 6th postoperative day following STA-MCA
anastomosis for right MCA occlusion. This case was
previously reported,'® so only a brief description of
the clinical course and long-term period observation
is given. EEG revealed frequent ictal discharges
(rhythmic slow waves originated from the right tem-
poro-posterior region posterior to the anastomosis
site) in the right hemisphere. With rapid improve-
ment of EEG findings following phenytoin adminis-
tration, complete recovery from hyperperfusion syn-
drome was achieved. At 11 months after surgery, the
mRS value was 2 (unchanged from the pre-surgical
state).

Discussion
The reported incidence of NCSE associated with

CVD varies across studies.?” NCSE was reported in
3-8% of patients with aneurysmal subarachnoid

hemorrhage,???% but no cases of NCSE were identi-
fied in 904 patients with CVD.?? These contradicto-
ry results are probably due to heterogeneous defini-
tions and diagnostic criteria of NCSE. Some reports
originate from tertiary epilepsy centers or neuro-in-
tensive care units (neuro-ICU), which have continu-
ous EEG monitoring facilities,'¥ whereas others are
population-based.?539 The present study demon-
strated that as many as 7.4% of patients with CVD
developed NCSE during the perioperative period,
which would not have been detected without EEG
analysis. This percentage is greater than expected,
and the true percentage could be higher than 7.4%.

In the present study, EEG was utilized, because
patients with worse clinical symptoms than expect-
ed were suspected to have NCSE. In addition, some
of the patients with expected neurological condi-
tions could also have had NCSE. Poor neurological
grade (Hunt and Hess grade III, IV, or V), thick
cisternal blood clots, and structural lesions (in-
tracerebral hemorrhage and stroke) are common in
patients with subarachnoid hemorrhage associated

Neurol Med Chir (Tokyo) 51, March, 2011
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with NCSE.?®) Some patients may also have had
NCSE prior to EEG. Because our hospital does not
have a neuro-ICU, EEG is often unavailable outside
working hours or on weekends. Without continuous
EEG monitoring, NCSE could be missed.’® EEG is
required to verify the diagnosis of NCSE, but a large
number of EEG patterns have been described in
NCSE. However, many of these are controversial,
particularly as to any ictal character.#2% Patterns in-
clude PLEDs, bilateral independent PLEDs, periodic
epileptiform discharges which can be either focal or
generalized, and triphasic waves,*20:21.25 which have
been standardized by a subcommittee of the Ameri-
can Clinical Neurophysiology Society.!%

Functional stratification of NCSE can be based on
focal or generalized features of EEG, and clinical
criteria have been proposed as follows: localization-
related NCSE, generalized NCSE, and undeter-
mined or intermediate NCSE.!® The present 4 cases
were localization-related NCSE based on the EEG
and clinical criteria. Very few of the several hun-
dreds of cases of NCSE were described with the
pathophysiological mechanisms of epilepsy.

In Case 1, EEG revealed PLEDs, occurring as
periodic complexes every 1-2 seconds that consisted
of spikes or sharp waves followed by a slow wave.?
PLEDs characteristically appear in a hemisphere
containing an acute unilateral forebrain lesion,
which most commonly occurs in patients with
CVD.1217.28) Although PLEDs may occur in fully
conscious patients with epilepsia partialis continua,
as well as negative motor seizures that mimic tran-
sient ischemic attack, the comatose or confusion
states associated with PLEDs are generally accepted
to be caused by NCSE.? In Case 1, the location of the
highest amplitude of PLEDs was identical to the in-
tracerebral hematoma location. Therefore, this small
hematoma was thought to be an epileptogenic le-
sion. The relationship between PLEDs and cerebral
blood flow (CBF) and metabolism is well docu-
mented,?”2) and blood flow changes have been
shown to alter seizure threshold.’? In addition, a
reduction in threshold was found in patients who
underwent CEA and developed seizures and PLEDs,
which were ipsilateral to hyperperfusion-associated
CEA.?2") In Case 1, the wide region of venous conges-
tion around the small intracerebral hematoma was
associated with dural AVF, which was very proba-
bly involved in the epileptogenesis.

In Cases 2 and 3, EEG demonstrated triphasic
waves. The word “triphasic” has been used to
describe a waveform characterized by an initial
small amplitude sharp negative component, fol-
lowed by a large amplitude sharp positive wave, and
ending with a slow negative wave.:31020.21) These

Neurol Med Chir (Tokyo) 51, March, 2011

findings were originally limited to patients with
hepatic failure, so triphasic wave encephalopathy
became synonymous with hepatic encephalopathy.
Subsequently, triphasic wave encephalopathy has
become associated with a wide range of toxic, meta-
bolic, and structural abnormalities.!? However,
triphasic waves are now generally accepted as one
of the EEG features in patients with NCSE, although
the triphasic waves of NCSE are often difficult to
distinguish from those of encephalopathy.+2V

The distribution of triphasic waves is one of the
differential points between NCSE and en-
cephalopathy. The triphasic waves show asymmetry
and predominantly focal location in NCSE, whereas
the triphasic waves tend to be symmetric, anterior,
and bilateral in encephalopathy.+2V) In the present
cases, although triphasic waves were located in the
bilateral frontal regions, triphasic waves on the right
exhibited larger amplitude and were extended more
posteriorly. In addition, laboratory data found
neither liver nor renal dysfunction. Furthermore,
improved mental status and consciousness level, in
conjunction with disappearance of the triphasic
waves, following appropriate treatment with an-
tiepileptic agents was supportive of the diagnosis of
NCSE.

The triphasic wave associated with NCSE as-
sumes a particular epileptiform morphology with
prominent and distinctive first phases resembling
spikes of “spike and slow wave” complexes.'® In
Case 2, the triphasic waves in the right frontal
region exhibited such complex morphology, and we
postulate that the acute infarction in the right frontal
lobe, caused by intraoperative temporary occlusion
of the dominant A;, was the epileptogenic area. We
also thought that subarachnoid clots, post-operative
meningitis, and administration of carbapenem an-
tibiotics for meningitis were additional factors in
the development of NCSE.

In Case 2, NCSE recurrence was noted after
placement of the LP shunt under general anesthesia
with sevoflurane. The intracranial procedures were
not performed during surgery, so the NCSE recur-
rence was probably due to the pharmacological ef-
fect of sevoflurane. The relationship between
sevoflurane and intra- or peri-operative drug-in-
duced seizure has been extensively investigated.?® A
review of 30 studies which had investigated sevoflu-
rane and epileptiform EEG changes and/or seizure-
like movements in both epileptic patients and nor-
mal patients found that the incidence was very vari-
able (0-100%).” According to the recommendations,
hypocapnia should be avoided and the dose of
sevoflurane limited to below 1.5 minimum alveolar
anesthetic concentration during maintenance of
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anesthesia by use of adjunctive drugs (either opioids,
benzodiazepines, or nitrous oxide) and routine EEG
monitoring. However, inhalation of sevoflurane is
often used during epilepsy surgery to induce epilep-
tic activities on intraoperative electrocorticography
and identify the epileptogenic area in patients with
intractable epilepsy.'11® Therefore, sevoflurane
anesthesia should be probably avoided in patients
with preexisting epilepsies and intracranial pathol-
ogies that can induce symptomatic epilepsies.

In Case 3, triphasic waves in the right frontal
region exhibited ‘“‘spike and slow wave” complex
morphology, unrelated to the right cerebellar hemor-
rhage. Although most cerebellar outputs inhibit
epileptic seizure,” it is generally accepted that there
is no relationship between cerebellar hemorrhage
and epilepsy. In Case 3, the epileptogenic lesion was
thought to be the old infarction in the right frontal
region, which was affected by acute hydrocephalus
and sevoflurane anesthesia.

In Case 4, delayed cerebral hyperperfusion syn-
drome developed at 6 days after STA-MCA anasto-
mosis for right MCA occlusion. EEG demonstrated
frequent ictal discharges, which originated from the
right occipital region or temporo-occipital junction
posterior to the anastomosis site that extended to the
central and parietal region. Although whether sei-
zures or delayed hyperperfusion were the initial
phenomenon cannot be determined, hyperperfusion
has been shown to be the major factor in NCSE de-
velopment.13:27)

The possible pathophysiological mechanisms of
NCSE in our 4 cases are summarized in Table 1. The
4 patients presented with epileptogenic lesions and
additional factors, so the development of periopera-
tive NCSE was multifactorial. Venous congestion
and hyperperfusion were the major pathophysiologi-
cal mechanisms of NCSE in Cases 1 and 4, respec-
tively. Since acute hydrocephalus and subsequent
drainage was also associated with CBF change in
Case 3, change in CBF may be the most important
factor in the development of perioperative NCSE.

The mortality and morbidity are mainly de-
pendent on the underlying etiology and age, but
NCSE carries a poor prognosis, and prompt diagno-
sis and subsequent treatment is critical.?91418,21,25.29)
The first recommended treatment for NCSE is infu-
sion of benzodiazepine agent, such as 5-10 mg dia-
zepam.?1:2529) In particular, EEG should be con-
tinued in patients with triphasic waves to observe
the effects of diazepam and to distinguish between
NCSE and encephalopathy.?” The second step is in-
fusion of phenytoin or phenobarbital.?12529) If
prolonged seizure activity is noted, midazolam or
propofol anesthesia may be indicated.?":2529 In the

present study, venous phenytoin administration,
rather than diazepam, was used as the first interven-
tion in 2 cases. Diazepam depressed the conscious-
ness level,’? although the effects and role of diazep-
am in the diagnosis of NCSE remain under discus-
sion.? Prophylactic administration of phenytoin was
given in the other 2 cases, although no criteria are
specified for postoperative administration of
prophylactic antiepileptic agents in our hospital.
The antiepileptic agents were changed from
phenytoin to carbamazepine based on the diagnosis
of localization-related NCSE. These prompt and ap-
propriate antiepileptic agent treatments resulted in
rapid improvement in clinical and EEG findings and
better functional outcome in all patients.

No firm conclusion can be drawn from a 1-year
study at a medium-sized, local hospital, but we
found that NCSE was quite common (7.4%) during
the perioperative period of CVD surgery. EEG
should be considered, even in the absence of sei-
zures, if no adequate explanation for neurological
deterioration can be established based on the clini-
cal course, laboratory data, or neuroimaging find-
ings.
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