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Abstract:

A 43-year-old man with a preceding infection was transferred to our hospital for febrile status epilepticus
(SE). Although treatment for SE was immediately initiated, it failed. Therefore, continuous anesthetics treat-
ment with mechanical ventilation was initiated. No epileptic discharge was found on an electroencephalo-
gram. However, total aphasia and right hemiplegia due to left hemispheric swelling were noted on day 5. His
aphasia and hemiplegia did not improve. The mechanism underlying the hemispheric involvement remains
unclear. The initial diagnosis should be made with care in patients with febrile SE; furthermore, intensive

treatment should be administered in the acute phase.
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Introduction

Refractory status epilepticus (SE) occasionally results in
radiological changes on magnetic resonance imaging
(MRI) (1, 2). MRI abnormality was detected in 11.6% (2),
20.6% (3), 29.4% (1), and 52.9% (4) of patients with SE.
The signal changes on MRI were characterized by increased
T2, fluid-attenuated recovery (FLAIR), and
diffusion-weighted imaging (DWI) signals and a variable de-
gree of reduction in the apparent diffusion coefficient

inversion

(ADC) (1-4). However, hemispheric involvement associated
with SE is rare, and the underlying mechanism remains un-
clear in adults (1-3, 5). Whether SE has entered a postictal
phase or if the lack of recovery is due to continuing SE fol-
lowing unsuccessful treatment is occasionally difficult to
distinguish. Furthermore, if the SE has been caused by en-
cephalopathy, additional immunotherapy is fundamental.

We herein report the clinical course of an adult patient
with hemiplegia, aphasia, and hemispheric atrophy associ-
ated with febrile SE.

Case Report

A 43-year-old man with a history of symptoms compat-
ible with an upper respiratory infectious disease, including a
fever, cough, and general fatigue lasting for 3 days, was
transferred to Jichi Medical Hospital for SE in summer
2010. In his 20s, he had had left-eye blindness due to fall-
ing in the absence of an epileptic episode. He had no other
remarkable history of illness, including migraine, and no
medication. He also had no familial history of epilepsy. He
was right-handed. His body height/weight was 175.8 cm/
62.7 kg.

On admission to our hospital, his body temperature was
38.8°C. A neurological examination showed coma and gen-
eralized convulsive SE (GCSE). The convulsion started from
the right side and spread to the left side, so focal to bilateral
tonic-clonic seizure was considered. Bilateral upward eye
deviation was noted. The Babinski reflex was observed in
his right foot. Neck stiffness was not noticeable during the
clinical course.

Table 1 shows the laboratory data on admission and cere-
brospinal fluid on day 8. The most deteriorated data for
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Table 1. Laboratory Findings on Admission and Cerebrospinal Fluid Finding on Day 8.
Hematology Cerebrospinal fluid Arterial blood gas
white blood cell 12,900 /uL ALT 420 U/L the initial/ end pressure  14/11 cmH,O pH 7.058
neutrophil 8,165 /uL LDH 434 U/L lymphcyte 3 /mm3 PaO> 85.9 mmHg
hemoglobin 15.0 g/dL creatinine kinase 162 U/L neutrophil 0 /mm? PaCO: 62.1 mmHg
platelet 22.0x10* /uL albumin 4.4 g/dL protein 33 mg/dL  HCOs 17.7 mmol/L
Coagulation CRP 0.01 mg/dL glucose 72 mg/dL  lactate 14.0 mmol/L
fibrinogen 99 mg/dL  glucose 259 mg/dL 1gG 11.3 mg/dL.  ammonia 130.0 umol/L
FDP 5.8 ug/mL  TSH 1.48 plU/mL albumin 35.6 mg/dL
PT-INR 1.2 free T3 2.25 pg/mL IgG index 0.23
AT-III actibity 75.20 % free T4 0.67 ng/mL ADA 3.1 U/L
Biochemistory HBs antigen negative oligoclonal band negative
BUN 18 mg/dL. HCV RNA 5.4 LogIlU/mL interleukin-6 3.0 pg/mL
creatinine 1.42 mg/dL.  HIV Ag/Ab negative TNF-o undetectable
sodium 145 mEq RPR negative interleukin-1f3 undetectable
pottasium 5.4 mEq endotoxin negative Urinalysis
T Bil 0.63 mg/dL.  B-D-glucan 15.7 pg/mL urine drug triage negative
AST 479 U/L

ADA: adenosine deaminase, AST: aspartate transaminase, ALT: alanine aminotransferase, AT III activity: antithrombin III activity, BUN: blood urea nitrogen,

CRP: C-reactive protein, FDP: fibrin degradation products, HCV: hepatitis C virus, HIV: human immunodeficiency virus, LDH: lactate dehydrogenase, PT-

INR: prothrombin time-international normalized ratio, T Bil: total bilirubin, TNF-oc: tumor necrosis factor-c, TSH: thyroid-stimulating hormone, RPR: rapid
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Electroencephalogram (EEG) findings on day 1 (A) and 4 (B). A) Slow waves were occa-

sionally observed on day 1. B) The EEG pattern became flattened without obvious epileptic discharge

on day 4.

each finding were as follows: platelet 6.9x10*/uL (day 2);
creatinine 1.42 mg/dL (day 1); creatinine kinase, 15,454 U/
L (day 5); aspartate aminotransferase, 3,985 U/L (day 3);
alanine aminotransferase, 1,645 U/L (day 3); prothrombin
time-international normalized ratio (PT-INR), 1.86 (day 3);
fibrin degradation products, 3.2 pg/mL (day 5), fibrinogen,
88 mg/dL (day 2); and antithrombin III activity, 44.2% (day
3). The patient rapidly developed disseminated intravascular
coagulation (DIC), and multiorgan failure (MOF) involving
the kidney, liver, central nervous system, and rhabdomyoly-
sis. Therefore, other antiepiletic drugs (AEDs) were not in-
itiated during the continuous infusion of midazolam, given
concerns about adverse drug events.

Microscopy and culture of the sputum, cerebrospinal fluid
(CSF), blood, and urine did not reveal the presence of any
pathogens. Brain and thoracoabdominal computed tomogra-
phy (CT) showed no abnormalities on admission. Intrave-
nous midazolam, phenytoin, and phenobarbital were initi-

ated; however, the GCSE failed to cease. Thus, the patient
was put on mechanical ventilation with continuous anes-
thetic treatment. The total SE time was about six hours. An
electroencephalogram (EEG) showed no epileptic discharge
on days 1 or 4(Fig. 1), and bedside two-channel EEG moni-
toring showed no epileptic discharge; the anesthetics were
thus tapered off. However, total aphasia and right hemiplegia
associated with left hemispheric swelling were noted on day
5. The treatment regimen and clinical course of this case are
summarized in Fig. 2, and the serial brain MRI results over
the clinical course are shown in Fig. 3.

The fever and the laboratory findings gradually improved
within two weeks. Seizure was not observed after the initial
GCSE. However, cerebral hypervascularity was still ob-
served on day 20 (Fig. 3, B3, B4). Furthermore, focal hy-
perperfusion was revealed on N-isopropyl-p-[’I] iodoam-
phetamine ('“I-IMP) single-photon-emission computed to-
mography (SPECT) on day 21 (Fig. 3, BS), although no epi-
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Figure 2.

The clinical course and treatment regimen of the patient. The patient was treated with

diazepam 10 mg twice, intravenous phenytoin 750 mg, phenobarbital 1,000 mg, and propofol on day

1. However, status epilepticus did not cease, so he was placed on an artificial ventilator with the con-
tinuous intravenous administration of midazolam. Midazolam was terminated on day 5 because no
epilepticus condition was observed. The patient was not treated with muscle relaxants, steroids, or
immunoglobulins. Diffuse hemispheric swelling was found on CT on day 5.

leptic discharge was found on an EEG on the same day. He
was discharged two months later.

Five years later, partial seizures occasionally appeared on
his right side, probably due to the left hemispheric atrophic
degeneration. His total aphasia and right hemiplegia did not
improve. Suspecting a link to pediatric hemiconvulsion-
hemiplegia-epilepsy (HHE) syndrome, we checked for ge-
netic abnormalities in carnitine O-palmitoyltransferase 2,
adenosine A2A receptor, sodium voltage-gated channel alpha
subunits 1 and 2, toll-like receptor 3, and RAN binding pro-
tein 2, which are known to contribute to HHE syndrome (6).
However, no mutations or polymorphisms were identified in
this case. The results of infectious factors for HHE were
negative (Table 2) according to surveillance of acute en-
cephalopathy at Tochigi Public Health Center.

Discussion

The present case rapidly developed DIC, MOF, and SE
associated with left hemispheric swelling. Hyperperfusion
consistent with signal changes on MRI without any epileptic
discharge on an EEG was observed on day 21. Left hemi-
spheric atrophy developed with sequelae later. Although a
conclusive diagnosis was not made in this case, this patient’s
clinical course may help clarify the pathological condition
and pathogenesis of the hemispheric involvement in patients

with febrile SE.

With the proposed consensus (7), the clinical course of
this patient was considered to reflect new-onset refractory
SE (NORSE). Adult cases of hemispheric involvement asso-
ciated with SE are rarely reported, with those available sum-
marized in Table 3. No febrile condition was noted in the
previously reported cases, and in all of these cases, hemi-
spheric involvement was considered to be the result of SE,
with various underlying etiologies considered to have trig-
gered the hemispheric SE. Signal changes in the remote
structures, such as the hippocampus and pulvinar, may have
resulted from the SE activity (1).

Two possible pathogeneses for the hemispheric involve-
ment were considered in this case. First, the patient had per-
sistent NCSE after the control of the GCSE. NCSE may not
be completely excluded even with the absence of epileptic
discharge on a conventional EEG. In the present case, the
right hemiplegia observed after the anesthetics were tapered
was not Todd’s paresis. Therefore, a more aggressive treat-
ment was fundamental. The treatment in this case was not
standard for SE. Even with the development of complica-
tions, such as MOF and DIC, other AEDs should not have
been discontinued after the initiation of intravenous midazo-
lam. A previous study suggested that aggressive treatment is
necessary for SE, particularly in patients who develop sys-
temic complications, as such cases are likely to have a fatal
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6 months '

Day 42 later

Figure 3. Serial radiological findings. A1-5) on day 5, B1-5) on days 20, 21, C1-5) on day 42, and
D1-5) 6 months later. A1) Diffusion-weighted imaging (DWI) MRI showed a high intensity, particu-
larly in the left frontal cortex, insula, temporoparietal area, hippocampus, and caudate nucleus on
day 5. A2) Fluid-attenuated inversion recovery (FLAIR) MRI showed a high intensity in the same
areas pointed out on the DWI sequence. A3) Hypervascularity on the left side was observed on MR
angiography (MRA) (arrows). A4) The area around the central sulcus was spared on FLAIR se-
quence (arrow). A5) CT showed low-density diffuse swelling of the left hemisphere. B1, 2) High-inten-
sity signals were still observed in the left frontal cortex, temporoparietal area, caudate nucleus, puta-
men, and around the hippocampus on DWI and FLAIR sequences. B3, 4) MRA and
gadolinium-enhanced T1 imaging on day 20. Hypervascularity on the left side was still observed on
MRA (arrows) and gadolinium-enhanced T1 imaging (arrow). BS) Hyperperfusion in the left tempo-
ral and parietal areas was observed on N-isopropyl-p-['*I] iodoamphetamine (‘>*I-IMP) single-pho-
ton-emission computed tomography (SPECT) on day 21. C1, 2) DWI and FLAIR imaging on day 42.
The cortical high-intensity signal on DWI had disappeared, accompanied by hemi-cerebral shrinking.
The putamen and caudate nucleus still showed a high intensity on day 42, while the left pulvinar
showed a newly increased intensity on DWI. C3) MRA on day 42. Hypervascularity was less mark-
edly observed. D1, 2) DWI and FLAIR imaging six months later. The high-intensity areas had disap-
peared, and progressing hemispheric atrophy was observed. D3) MRA six months later. The left ce-
rebral blood vessels narrowed. C4, D4) Crossed cerebellar diaschisis was observed in the right
cerebellum.

1092



Intern Med 60: 1089-1094, 2021

DOI: 10.2169/internalmedicine.5175-20

Table 2. The Results of Infectious Factors in Blood (Dayl) and Cerebrospinal

Fluid Finding (Day 8).
human herpes virus 6 (LAMP) negative
human herpes virus 7 (LAMP) negative
herpes simplex virus 1 (LAMP)  negative
herpes simplex virus 2 (LAMP)  negative
enterovirus (PCR) negative
rhinovirus (PCR) negative

RS virus (PCR) negative
mumps virus (LAMP) negative
parainfluenza virus (PCR) negative
human metapneumovirus (PCR)  negative
human bocavirus (PCR) negative

LAMP: loop-mediated isothermal amplification, PCR: polymerase chain reaction, RS virus: respiratory

syncytial virus

Table 3. Characteristics of Reported Cases of Hemispheric SE.
SE . MRI timing (day) .
possible lesion remote
Reference age sex pattern fever . EEG CSF . outcome
(duration) SE etiology initial follow-up side structures
The 43 M  GCSE + preceding R slow normal 5 day 20, 42 L L hippocampus  bedridden
present (6h) infection waves day L putamen R hemiparesis
case or 6 month L caudate aphasia
unknown L pulvinar
encephalopathy
1 52 F GCSE ND old stroke R quiescent normal 4 day 13 day R R thalamus, stuporous
(4 h) background CCD
22 F GCSE ND SLE, L PLED, ND 14 days 22, 32,42 L L basal ganglia  stuporous
(6 h) L frontal frontal day L thalamus
abscess spikes CCD
2 36 M GTC ND low AED levels ND ND 1 day ND R R thalamus ND
(<1 day) L caudate CCD
3 ND ND GCSE ND ND ND ND 15 day ND L ND ND
(11 days)
5 68 F ND ND hypernatremia, spike and mildly 3 day ND L CCD ND
dehydration wave increased
protein

AED: antiepileptic drug, CCD: crossed cerebellar diaschisis, GCSE: generalized convulsive status epilepticus, GTC: generalized tonic clonic, ND: not de-

scribed, PLED: periodic lateralized epileptiform discharge, SE: status epilepticus, EEG: electroencephalogram, F: female, L: left, M: male, R: right, CSF: cere-

brospinal fluid

outcome (8). The dosage of anesthetics should be increased
to show burst and suppression pattern on EEG as recom-
mended (8, 9). Continuous EEG monitoring could not be
performed because of the limitations of our facility. One
study reported that continuous EEG monitoring could detect
over 14% of patients with NCSE after convulsive SE had
been controlled (10). In cases that are difficult to diagnose
with NCSE, functional imaging, such as arterial spin label-
ing (ASL) and SPECT, may help detect NCSE (11).

The other possible pathogenesis of the hemispheric in-
volvement was that the patient had encephalopathy, which
resulted in refractory SE. Among young adults who present
with NORSE, encephalopathy or encephalitis appear to trig-
ger the refractory SE (12). HHE syndrome is associated
with distinct radiological findings that initially appear nor-
mal but later become apparent, affecting a unilateral hemi-
sphere (13). The present case exhibited all of the radiologi-
cal features described by Mizuguchi et al. (13), except for
the bright tree appearance on MRI. In adult patients with SE
involving the hemisphere (1-3, 5), the cortical areas and ba-

sal ganglia were mainly involved. However, pediatric HHE
syndrome likely involves the subcortex. Considering the lack
of any genetic or infectious abnormality associated with
HHE syndrome in this case, the association between pediat-
ric HHE syndrome and the present case remains unclear.
Rasmussen encephalitis is also considered to be a differen-
tial diagnosis, although the progression in this case was
rapid, compared with typical cases of Rasmussen encephali-
tis. Children are more prone to HHE syndrome and Ras-
mussen encephalitis than adults. In such cases, high-dose
steroid IV or immunoglobulin IV (IVIg) should be adminis-
tered in the acute phase (14). Fujita et al. reported a case of
episodic aphasia and right hemiparesis due to encephalopa-
thy accompanied by initial hypoperfusion and subsequent
hyperperfusion on brain MRI using the ASL method (15).
The authors suggested that the perfusion changes were remi-
niscent of those seen in patients with migraine with aura,
rather than epilepsy.

Adult patients with febrile SE can rapidly develop hemi-
spheric involvement, which results in severe sequelae. Con-
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sidering the hemispheric swelling observed on day 5, the
combination of aggressive treatment for SE and immuno-
therapy, such as high-dose steroid with IVIg, should be con-
sidered within a few days. The initial diagnosis needs to
careful assessment for encephalopathy/encephalitis in a more
acute phase in patients with febrile SE.
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