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Abstract

We report a case of a 73-year-old man who developed nonconvulsive status epilepticus as a complica-
tion of cerebral hyperperfusion syndrome after carotid endarterectomy for carotid artery stenosis. On
postoperative day 1, the patient experienced headaches and vomiting. Resting N-isopropyl-p-['*I]
iodoamphetamine single-photon emission computed tomography showed increased cerebral blood
flow to the entire right hemisphere, and the patient was diagnosed with cerebral hyperperfusion syn-
drome. He was treated with antihypertensive and antiseizure medications, sedated using propofol, in-
tubated, and placed under mechanical ventilation. On postoperative day 3, computed tomography per-
fusion imaging showed a reduction in hyperperfusion, and propofol sedation was terminated on post-
operative day 4. However, the patient exhibited prolonged impaired awareness and roving eye move-
ments, and long-term video electroencephalographic monitoring revealed electrographic seizures. The
patient was diagnosed with nonconvulsive status epilepticus. Propofol sedation was resumed, and the
antiseizure medication dose was increased. Subsequently, the state of hyperperfusion in the right
hemisphere diminished, and electroencephalographic findings improved, allowing sedation to be ter-
minated on postoperative day 7. The findings from this case suggest that when clinical subtle symp-
toms, such as impaired awareness and roving eye movements, are observed during treatment of cere-
bral hyperperfusion syndrome, video electroencephalography should be performed to detect electrog-
raphic seizures.
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Introduction

Cerebral hyperperfusion syndrome (CHS) following ca-
rotid endarterectomy (CEA) is caused by cerebrovascular
autoregulation failure and has a reported incidence of <3%.
Symptoms include headache, pain in the face or eyes,
vomiting, an altered level of consciousness, visual field de-
fects, seizures, and focal neurological symptoms.” Severe
intracerebral hemorrhage occurs in approximately 1% of
patients with carotid artery stenosis who had undergone
CEA or carotid artery stenting, with a mortality rate of
26%.” Although seizures are a major indicator of CHS, few

studies have focused on the relationship between seizures
and CHS.”

Nonconvulsive status epilepticus (NCSE) was first re-
ported by Gastaut in 1963, in which patients experienced
prolonged seizures without motor symptoms.” NCSE has
received attention as the cause of unexplained disorders of
consciousness among intensive care patients and has a re-
ported mortality rate of 52%.” According to recent reports,
8.8% of patients with acute cerebral hemorrhage and 15%
of patients with subarachnoid hemorrhage following sur-
gery develop NCSE.*” Cases of NCSE associated with CHS
following superficial temporal artery-to-middle cerebral ar-
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Fig. 1 Preoperative images. (A) Angiography showing stenosis (arrow in red) of the cervical portion of the right internal carotid
artery from the superior margin of the C3 vertebral body to the midline of the C2 vertebral body. Stenosis is 80% according to the
North American Symptomatic Carotid Endarterectomy Trial criteria. (B) Preoperative cerebral fluid-attenuated inversion recov-
ery magnetic resonance imaging showing an old cerebral watershed infarction of the right frontal centrum semiovale. The red ar-

row indicates the point of stenosis.

tery (STA-MCA) bypass or CEA were also reported.”"”

We report a case of NCSE associated with CHS following
CEA, in which we detected electrographic seizures (ESz)
with subtle clinical signs using long-term video electroen-
cephalography (VEEG).

Case Report

The patient was a 73-year-old man with a 20-year his-
tory of smoking 20 cigarettes/day. He had a history of
stroke, hypertension, dyslipidemia, diabetes, chronic kidney
disease, and myocardial infarction (for which he under-
went stent treatment approximately 30 years ago), but he
had no history of epilepsy. The patient was referred to our
facility for the surgical treatment of symptomatic right in-
ternal carotid artery (ICA) stenosis. Six months earlier, he
experienced left upper limb paresis and was treated for a
right frontal lobe watershed infarction in another hospital.
The patient was taking aspirin and clopidogrel as pre-
scribed by his previous doctor. During his outpatient
course, he experienced transient left upper and lower limb
paresis due to a transient ischemic attack (TIA) following
mild dehydration.

Preoperative examination revealed high-grade stenosis of
the left main coronary artery and a low ejection fraction of
approximately 40%, indicating poor cardiac function. Blood
tests showed an estimated glomerular filtration rate of 40.0
mL/min/1.73 m’, a low-density lipoprotein cholesterol level
of 62.1 mg/dL, and a glycated hemoglobin level of 5.7%.
Cerebral angiography showed 80% right ICA stenosis from

the superior margin of the C3 vertebral body to the
midline of the C2 vertebral body (Fig. 1A). The degree of
ICA stenosis was measured using the North American
Symptomatic Carotid Endarterectomy Trial method. Hy-
poplasia of the operative side of the anterior cerebral ar-
tery (Al) and the posterior communicating artery was ob-
served. Cerebral magnetic resonance imaging (MRI) fluid-
attenuated inversion recovery (FLAIR) imaging revealed an
old cerebral watershed infarction of the right frontal cen-
trum semiovale (Fig. 1B). Intracranial and cervical mag-
netic resonance angiography (MRA) rendering, particularly
on the operative side of the MCA from M2 and beyond,
was poor and showed decreased signal intensity. MRI
plaque imaging showed high intensity on T1- and T2-
weighted imaging and magnetization prepared rapid acqui-
sition with gradient echo, suggesting the presence of un-
stable plaques. Resting N-isopropyl-p-[*I] iodoampheta-
mine single-photon emission computed tomography ("*I-
IMP SPECT) showed a widespread reduction in cerebral
blood flow (CBF) to the right hemisphere (Fig. 2A). There-
fore, this patient was considered at a high risk of postop-
erative CHS. Considering the results of the preoperative ex-
amination and the patients history of cerebral infarction,
we chose to address the right ICA stenosis through surgi-
cal intervention. Aspirin was administered once before the
surgery. We scheduled CEA to address the right ICA steno-
sis. Three weeks before CEA, a coronary bypass for severe
coronary artery stenosis was performed in our facility. We
performed CEA with shunting while monitoring the soma-
tosensory evoked potential (SEP), motor evoked potential
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Fig. 2 N-Isopropyl-p-[*I] iodoamphetamine single-photon emission computed tomography (***I-IMP SPECT). (A) Preoperative
121-JMP SPECT showing widespread reduction in the cerebral blood flow (CBF) (blue) in the right hemisphere. (B) Emergency '*I-
IMP SPECT performed on postoperative day 1 showing widespread CBF elevation (red) in the right hemisphere. (C) CT perfusion

performed on postoperative day 3 showing no CBF laterality.

(MEP), and regional cerebral oxygen saturation (rSO.) (IN-
VOS5100; Somanetics Corporation, Troy, MI, USA). The
procedure was completed with no notable drops in the
SEP or MEP.

After surgery, the patient was alert and the neurological
findings were normal. Considering the possibility of CHS
developing immediately after surgery, the patient’s systolic
blood pressure was maintained at <120 mmHg, and the
rSO, was continuously monitored. MRI on postoperative
day 1 revealed no evidence of cerebral infarction or hem-
orrhage. Around noon on the same day, the patient began
to experience generalized headache and vomiting, with a
blood pressure of 144/68 mmHg. Emergency “I-IMP
SPECT confirmed elevated CBF on the operative side, and
the ratio of CBF in the unaffected to the affected side was
more than two times greater than that before surgery (Fig.
2B). On the day of the operation, the rSO. remained ap-
proximately 60%, with almost no laterality. However, when
symptoms developed on postoperative day 1, the operative
side (right) rSO. was 67% and the nonoperative side (left)
rSO, was 57%, showing an increase of approximately 10%
on the operative side. We were unable to identify the
cause, such as cerebral infarction, of the headache and
vomiting using MRI. Thus, the patient was diagnosed with
CHS on the basis of the test results.

For the treatment of CHS, we initiated sedation under
propofol with ventilator management as well as la-
cosamide (LCM; 100 mg/day), a novel antiseizure medica-
tion (ASM). CT perfusion performed on postoperative day
3 showed no CBF laterality (Fig. 2C), and sedation was ter-
minated on postoperative day 4. However, 1 day after dis-
continuing sedation with propofol, the patient showed pro-
longed impaired awareness and roving eye movements.
Therefore, we suspected NCSE and performed 6-h VEEG
monitoring. The 6-h VEEG showed generalized periodic
discharges averaging 1.6 Hz (Fig. 3A) transferred to epilep-
tiform discharges averaging >2.5 Hz for at least 10 s (Fig. 3
B), which met the criteria of ESz according to the Ameri-
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can Clinical Neurophysiology Society’s (ACNS) standardized
critical-care electroencephalography (EEG) terminology
(2021 version). The patient was diagnosed with NCSE. We
administered intravenous diazepam. Additionally, we re-
sumed sedation with propofol and increased the dose of
LCM to 200 mg/day. EEG on postoperative day 7 showed
improvement in EEG findings (Fig. 4). Thus, sedation was
terminated, and the patient was extubated. "“I-IMP SPECT
on postoperative day 9 showed that the CBF imbalance be-
tween the two hemispheres had abated.

After the NCSE resolved, the patient presented with fo-
cal impaired awareness seizure, and the final ASM re-
quired an additional dose of levetiracetam 2000 mg/day.
FLAIR MRI on postoperative day 90 showed no new struc-
tural lesions (Fig. 5). The patient underwent comprehen-
sive rehabilitation and was discharged to his home with a
modified Rankin scale score of 2 on postoperative day 96.
The patient consented to the publication of this report.

Discussion

We herein reported a case of NCSE associated with CHS
after CEA. Seizures following CEA have been reported to
occur at a frequency of 0.5%," and a case of focal motor
status epilepticus as the only symptom of CHS after CEA
was recently reported.” De Liso et al.” reported a case of
NCSE associated with CHS following CEA, but they did not
present EEG findings. Hamamura et al.” reported a case of
NCSE associated with CHS following STA-MCA bypass for
MCA occlusion. In their report, the patient was diagnosed
with NCSE after exhibiting impaired awareness and wors-
ening paresis after surgery, as well as rhythmic delta waves
with EEG evolution.

Reduced cerebrovascular reserve capacity, postoperative
hypertension, and prolonged postoperative hyperperfusion
are known risk factors for CHS after CEA.” CHS requires
appropriate treatment early on to prevent complications
such as severe cerebral edema or cerebral hemorrhage,
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Fig. 3 Long-term video electroencephalographic monitoring performed on postoperative day 4 showing generalized periodic
discharges averaging 1.6 Hz (A) transferred to epileptiform discharges averaging >2.5 Hz (B) for at least 10 s. The patient exhibited

prolonged impaired awareness and roving eye movements.

and antihypertensive treatment is essential in controlling
cerebral perfusion pressure.”” Acetazolamide challenge *I-
IMP SPECT was not performed in the current case be-
cause the patient’s coronary artery disease meant that he
was at a high risk of developing severe side effects. We fur-
ther considered the patient at a high risk of CHS before
surgery as he exhibited TIA due to mild dehydration be-
fore the operation, his preoperative resting SPECT showed
decreased CBF in the right hemisphere compared with the
left hemisphere, and MRA rendering from the right M2
and beyond was poor. In accordance with a report by
Ogasawara et al.," we administered edaravone before the
perioperative clamping of the ICA to prevent CHS. Despite

this measure and ensuring that the postoperative blood
pressure remained strictly at <120 mmHg, the patient de-
veloped CHS. We administered treatment with intubation,
mechanical ventilation, and sedation using propofol.

The ACNS’s standardized critical-care EEG terminology
(2021 version)” defined nonconvulsive seizures (NCS) as
ESz, which were either epileptiform discharges averaging
>2.5 Hz for 210 s or any electrographic pattern with defi-
nite evolution lasting 210 s. The latter has evolution of fre-
quency, morphology, or location. NCSE was defined as
electrographic status epilepticus: ESz for 210 continuous
minutes or for a total duration of >20% of any 60-min pe-
riod of recording. In this case, EEG findings showed 1.6-Hz
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Fig. 4 Interictal electroencephalographic monitoring on postoperative day 7 showing improvement in epileptic discharges.

Fig. 5 DPostoperative cerebral fluid-attenuated inversion recovery magnetic resonance imaging on postoperative day 90 showing

no new structural lesions.

generalized periodic discharges transferred to epileptiform
discharges >2.5 Hz for at least 10 s. As we used diazepam
and resumed sedation immediately, we were unable to
confirm if the seizure would last for more than 10 min. We
diagnosed NCSE with coma clinically. The ACNS also de-
fined electroclinical seizure, which is either definite clinical
correlate time-locked to the pattern or EEG and clinical
improvement with a parenteral (typically intravenous)
ASM." NCSE can be associated with clinical subtle signs,
such as altered mental status, speech disturbance, face and
limb myoclonus, nystagmus, eye subtle movement, eye de-
viation, pupillary abnormalities, and automatic instabil-
ity In EEG diagnosis, especially of NCSE, the ACNS de-
fined ESz clearly.”” Recently, with widespread use and im-
proved understanding of critical-care EEG, reports of NCSE
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have been gradually increasing.”’” There is a possibility
that NCSE associated with CHS is more frequent than ex-
pected, regardless of post-CEA status. In an intensive care
unit setting with continuous EEG, 90% of NCS or NCSE
can be detected in the first 24-48 h." If continuous EEG is
not available, 30-min EEG can also be used to detect most
epileptiform abnormalities."”

A limitation of this report is that we did not perform
continuous EEG (cEEG) monitoring immediately after CHS
diagnosis. Hence, we may have missed any abnormal signs
of NCSE, thereby delaying the diagnosis. Additionally, the
cEEG monitoring that we performed was limited to 6 h.
Therefore, we did not confirm the real-time improvement
of its findings following the administration of ASMs
through simultaneous cEEG recording.
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In conclusion, the present case suggests that when we
observe clinical subtle symptoms such as impaired aware-
ness and roving eye movements during CHS treatment, we
believe that VEEG should be performed as soon as possi-
ble to detect ESz.
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