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The present retrospective study aimed to investigate the presence of truncal instability or

titubation after the first seizure and second phase in patients with acute encephalopathy

with reduced subcortical diffusion (AED). Of the 15 patients with AED who were admitted

to our hospital for 3 years and 2 months and had reached developmental milestones

for sitting before disease onset, six experienced moderate-to-severe truncal instability

while sitting after the first seizure. These patients had a significantly longer first seizure

duration and significantly lower GCS scores 12–24 h after the first seizure, as well as

significantly higher Tada score and Creatinine and blood glucose levels than those with

mild or no truncal instability while in a seated position after the first seizure. Three

1-year-old children with bilateral frontal lobe lesions, particularly in the bilateral prefrontal

lobe regions, demonstrated truncal titubation, which has not previously been reported

as a clinical feature of AED. Tada score reported to be a predictor of AED prognosis

and truncal instability in the sitting position after the first seizure may represent disease

severity, but not the specific lesions. Conversely, truncal titubation might be suggestive

of bilateral frontal lobe lesions, particularly in patients without severe instability. Further

studies on the role of bilateral prefrontal lobe lesions to truncal titubation in patients with

AED using more objective evaluation methods, such as stabilometry, are necessary.

Keywords: acute encephalopathy with reduced subcortical diffusion, acute encephalopathy with biphasic seizures

and late reduced diffusion, disequilibrium, frontal lobe ataxia, frontopontocerebellar tract, truncal titubation

INTRODUCTION

Acute encephalopathy with reduced subcortical diffusion (AED) is characterized by the
onset of febrile/afebrile seizures and a reduced apparent diffusion coefficient (ADC) in the
cortical/subcortical white matter. This is often described as having a “bright tree appearance” on
diffusion-weighted (DW) images and appears within 9 days of the first seizure (1–4). Acute infantile
encephalopathy predominantly affecting the frontal lobes (AIEF) with a biphasic clinical course
and late reduced diffusion in the subcortical white matter was first reported by Yamanouchi et al.
and is currently categorized as one of the subtypes of AED (3, 5). AED includes patients with
acute encephalopathy with biphasic seizures and late reduced diffusion (AESD), which typically
manifests as repetitive and intractable seizures and coma (i.e., the second phase). It is accompanied
by the aforementioned “bright tree appearance” 3–5 days after the patient’s febrile/afebrile seizure
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episode (1, 3). As a clinical term, some patients with AED
demonstrate a brief seizure as the first episode or do not manifest
the second phase. AED mostly affects children of less than
school age and has been mainly reported in Japan and East Asia
(6). While the mechanism of AED has not yet been clarified,
evidence suggests that it may be attributed to late neuronal death
triggered by extracellular glutamate stimulation during the first
febrile/afebrile seizure (1).

After the first seizure, patients with AED usually show
continuous disturbance of consciousness and involuntary
stereotypic movements. Instability in a sitting or standing
position has also been reported as a neurological symptom
(7, 8); however, some patients do not experience apparent
disturbance of consciousness or other neurological findings. In
patients without obvious neurological findings, a slight degree
of instability in a sitting or standing position may suggest the
diagnosis of AED.

The primary motor, premotor, and supplementary motor
cortices in the frontal lobe are involved in motor action. The
prefrontal cortex is also involved in various stages of motor
action, such as motor-action initiation, planning, designing, and
sequencing, while the frontal lobes control the maintenance of
equilibrium (9, 10). Injury to the frontal lobes induces unsteady
gait and titubation of the head or trunk, for which damage to the
frontopontocerebellar tract is considered to be the most plausible
mechanism (11). Although frontal ataxia is common among
older adults, this condition is less prevalent among children
(10, 12). Further, the cause of instability in a sitting or standing
position in patients with AED remains unclear. Hence, the
current study aimed to investigate the association between the
presence of truncal instability or titubation after the first seizure
or second phase and frontal lobe lesions in patients with AED.

MATERIALS AND METHODS

Study Population
The medical records of 15 patients with AED (median age =

19.0 months; age range= 11–117months; five females) who were
admitted to our facility between November 2017 and December
2020 were considered in this retrospective study after excluding a
10-month-old patient with insufficient developmental milestones
for sitting before the disease onset. We routinely checked for
truncal titubation and truncal instability in the sitting or standing
position or while walking in all patients who were admitted
to our facility after the febrile/afebrile seizure, including those
with AED. The second phase was defined as the occurrence
of intractable and repetitive seizures and/or deterioration of
the consciousness level after a transient improvement in
consciousness post febrile status epilepticus. When patients
showed truncal instability, excluding the first 6 h following each
seizure to exclude the effect of the seizure itself or medications

Abbreviations: ADC, apparent diffusion coefficient; AED, acute encephalopathy

with reduced subcortical diffusion; AESD, acute encephalopathy with biphasic

seizures and late reduced diffusion; AIEF, acute infantile encephalopathy

predominantly affecting the frontal lobes; ALT, alanine aminotransferase; AST,

aspartate aminotransferase; BUN, blood urea nitrogen; Crea, creatinine; DW,

diffusion-weighted; fPHT, fosphenytoin; GCS, Glasgow Coma Scale; PCPC,

Pediatric Performance Category Scale.

used to terminate the seizure, between the first seizure and
initiation of the second phase or 20 days after the first seizure if
the second phase did not occur, their condition was classified as
follows: severe: inability to sit, stand, or walk even with support;
moderate: ability to sit, stand, or walk with support; mild: body
swaying despite the ability to continue sitting, standing, or
walking without support; or none: no body swaying and the
ability to continue sitting, standing, or walking without support.
The same classification was applied to patients in the second
phase when they showed truncal instability, excluding the first
6 h following each seizure due to the same reasons as mentioned
above, between the second phase and the initiation of therapeutic
hypothermia or 20 days after the first seizure if therapeutic
hypothermia was not performed. Depending on whether
patients underwent therapeutic hypothermia, they were classified
into the following groups: patients who started undergoing
therapeutic hypothermia administered by an attending physician
before the second phase because of a worsening level of
consciousness or continuously impaired consciousness (Early-
Hypo group); patients who started undergoing therapeutic
hypothermia after the initiation of the second phase (Late-
Hypo group); and patients who did not undergo therapeutic
hypothermia (Non-Hypo group). The outlines regarding the
observation periods in each treatment group for truncal
instability and titubation are shown in Figure 1. Patients
underwent therapeutic hypothermia; however, some patients
did not undergo therapeutic hypothermia because of either the
mildness of clinical neurological presentation or absence of the
second phase. The methods have been described in our previous
report (4).

Ten of the 15 patients in the present study were included
in our previous investigation that aimed to elucidate the
determinants of outcomes for AED (4). The current study was
approved by the institutional review board (IRB) of St Mary’s
Hospital, Fukuoka, Japan (IRB number: 20-0601). All methods
used were consistent with relevant guidelines and regulations.
Informed consent was obtained from all participants and/or
their legal guardians. Moreover, written informed consent was
obtained from the legal guardians of two patients with truncal
titubation for the use of their videographic images.

Data Collection
The following clinical data were collected from the medical
records of each patient: age; sex; associated infections; first
seizure duration; Glasgow Coma Scale (GCS) scores 12–24 h
after the first seizure; treatment group (Early-Hypo, Late-Hypo,
or Non-Hypo); presence of truncal titubation and instability in
a sitting or standing position or while walking, excluding the
first 6 h following each seizure, between the first seizure and
the initiation of the second phase [all patients in the Late-Hypo
group and three patients (No. 1, 2, and 7) in the Non-Hypo
group], between the first seizure and the initiation of therapeutic
hypothermia [all patients in the Early-Hypo group (No. 8 and
14)], or 20 days after the first seizure in the absence of the
second phase [three patients (No. 9, 11 and 13) in the Non-
Hypo group]; presence of truncal titubation or instability in a
sitting or standing position or while walking, excluding the first
6 h following each seizure, between the initiation of the second

Frontiers in Neurology | www.frontiersin.org 2 September 2021 | Volume 12 | Article 740655

https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Kawano et al. Titubation in Pediatric Aute Encephalopathy

FIGURE 1 | The outlines regarding the observation periods in each treatment group for truncal instability and titubation. In the Early-Hypo group, the observation

period for truncal instability and titubation is the period from the 1st seizure to cooling initiation. In the Late-Hypo group, the observation periods are the period from

the 1st seizure to the 2nd phase and the period from the 2nd phase to cooling initiation. In the Non-Hypo group, the observation periods are the period from the 1st

seizure to the 2nd phase and the period from the 2nd phase to 20 days after the first seizure in patients with the 2nd phase. The observation period is the period from

the first seizure to 20 days after the first seizure in patients without the second phase. The observation periods do not include the first 6 h following each seizure.

phase and therapeutic hypothermia (all patients in the Late-Hypo
group) or 20 days after the first seizure if therapeutic hypothermia
was not applied [three patients [(No. 1, 2, and 7) in theNon-Hypo
group]; days when reduced subcortical ADC was confirmed
on magnetic resonance (MR) images after the first seizure;
distribution of brain lesions on MR images [bilateral/unilateral
frontal, parietal, temporal or occipital lobe(s)]; presence of
diffuse lesions with injury around the perirolandic regions on
MR images of at least 1 hemisphere; presence of lesions on
basal ganglia/thalamus as shown by MR images; serum levels
of aspartate aminotransferase (AST), alanine aminotransferase
(ALT), lactate dehydrogenase, blood urea nitrogen (BUN),
creatinine (Crea), and glucose after the first seizure; cell
count and protein level in the cerebrospinal fluid (CSF); Tada
scores after the first seizure (13); use of additional treatments,
such as antiepileptic medications for seizure termination or
prevention, intravenous methylprednisolone pulse therapy, or
immunoglobulins (1 g/kg/dose); and clinical outcomes. GCS
score has been included to examine the relationship between
the consciousness level after the first seizure and truncal
instability or titubation. In addition, the consciousness level
was included in the Tada score (13), which is a predictor of
AESD, and loss of consciousness 24 h after onset and prolonged
seizure at onset were reported to be poor predictors of AED
(3). Tada score is a predictor of AESD for patients with
febrile seizures and consists of seven variables: consciousness
level, age, duration of convulsions, enforcement of mechanical
intubation, AST level, glucose level, and Crea level (13). Four
clinical psychologists who were unaware of the treatment

assignment assessed the neurodevelopmental outcomes, and two
pediatricians independently assessed the neurological outcomes
of each patient at 12 months after disease onset, excluding
one patient (No. 9) whose outcome was assessed at 6 months
after the onset because of an insufficient observational period,
on the basis of medical records and scored them using the
Pediatric Performance Category Scale (PCPC). PCPC scores
of 1–6 represent normal, mild, moderate disabilities, severe
disabilities, coma or vegetative state, and death, respectively
(14). In the event of a conflict regarding PCPC scores, the two
pediatricians reached a consensus after discussion (4).

Statistical Analysis
SPSS (version 25; IBM, Armonk, NY, USA) was used to conduct
all statistical analyses. We compared the clinical features between
patients with and without moderate-to-severe truncal instability
in a seated position after the first seizure using the Mann-
Whitney U test (two-tailed) for numerous variables or Fisher’s
exact test (two-tailed) for categorical and discrete variables with
effect sizes of r and phi for 2× 2 tables or the Cramer’sV for those
other than 2× 2 tables. Statistical significance was set to P < 0.05.

RESULTS

Clinical Characteristics
The clinical characteristics of the sample are shown inTables 1, 2.
All patients except one (patient No. 6) were prescribed
fosphenytoin (fPHT) after the first seizure or in the second
phase for seizure prevention without affecting consciousness
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TABLE 1 | Clinical characteristics of the sample.

Patient

number

Age

(months)

Lesions on MR

images

Bilateral

prefrontal

lesions on MR

images

Second

phase

(Yes/No)

Treatment

group

From the first seizure to the

initiation of the second phase or

20 days after the first seizure if

there was no second phase

From the second phase to the initiation of

therapeutic hypothermia or 20 days after

the first seizure if therapeutic hypothermia

was not performed

Titubation Instability in

sitting

Instability in

standing/

walking

Titubation Instability in

sitting

Instability in

standing/

walking

1 11 Bilateral frontal Yes Yes Non-Hypo N.D. No No Yes Mild Mild

2 15 Bilateral frontal +

left parietal

Yes Yes Non-Hypo N.D. No No Yes Mild Mild

3 15 Bilateral

frontal/parietal/

temporal/occipital

Yes Yes Late-Hypo N.D. Severe Severe N.D. Severe Severe

4 16 Bilateral frontal No (bilateral

primary motor/

premotor area)

Yes Late-Hypo N.D. Mild Mild N.D. Severe Severe

5 16 Bilateral frontal No (bilateral

premotor area)

Yes Late-Hypo No Moderate Moderate N.D. Severe Severe

6 18 Bilateral frontal/

parietal/temporal

Yes Yes Late-Hypo N.D. No No N.D. Severe Severe

7 19 Bilateral frontal No (bilateral

premotor area)

Yes Non-Hypo No Moderate Moderate No Moderate Moderate

8 20 Bilateral frontal Yes Early-Hypo N.D. Severe Severe

9 20 Bilateral frontal

lobe

Yes No Non-Hypo Yes Mild Moderate

10 26 Bilateral frontal Yes Yes Late-Hypo N.D. No Mild N.D. Severe Severe

11 48 Bilateral frontal No (bilateral

primary

motor/premotor

area)

No Non-Hypo N.D. Severe Severe

12 39 Left

frontal/parietal/

temporal/occipital

No (left prefrontal/

supplementary

motor/

premotor area)

Yes Late-Hypo No No No No No No

13 71 Right frontal/

parietal/temporal

No (right

prefrontal/premotor

area)

No Non-Hypo N.D. Severe Severe

14 117 Left

frontal/parietal/

temporal/occipital

No (left prefrontal/

supplementary

motor/premotor

area)

Early-Hypo No No Severe

15 13 Left frontal/

parietal/occipital

No (left premotor/

primary motor

area)

Yes Late-Hypo No Mild Severe N.D. Severe Severe

MR, magnetic resonance; N.D., not determined.
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TABLE 2 | Additional clinical characteristics of the sample.

Patient

number

Diffuse lesions with

injury around

perirolandic regions

(Yes/No)

Basal ganglia/

thalamus lesion

(Yes/No)

BTA timing

(days from

1st seizure)

Tada

score

First seizure

duration

(min)

GCS 12–24h

after the

first seizure

Antiepileptic medication

after the first seizure

(intravenously administered

if not indicated)

Antiepileptic medication after

the second phase, excluding

sedatives for hypothermia

(intravenously administered)

Associated

infection

Outcome

(PCPC at 12

months)

1 No No 6 2 4 15 No fPHT FluA 1

2 No Yes 7 1 2 15 No fPHT Unidentified 3

3 No Yes 3 5 44 11 DZP, fPHT Thiamylal Kawasaki

disease

3

4 No No 4 2 5 15 DZP suppository fPHT, Thiamylal HHV-6

(clinical

diagnosis)

2

5 No No 4 4 65 15 DZP, fPHT, Thiamylal fPHT HHV-6 1

6 No No 3 0 3 15 DZP DZP, MDZ HHV-6 1

7 No No 5 3 130 15 DZP, fPHT, MDZ, Thiamylal DZP HHV-6 2

8 No No 8 6 50 7 DZP, fPHT, MDZ Unidentified 4

9 No No 4 0 25 15 DZP, fPHT Streptococcus

pneumoniae

meningitis

1*

10 No Yes 4 2 40 15 DZP, fPHT, MDZ MDZ Unidentified 2

11 No No 5 5 60 11 DZP, fPHT, MDZ, Thiamylal FluA 1

12 No No 5 1 80 15 DZP, fPHT No FluA H1N1 2

13 No No 8 6 60 14 DZP, fPHT FluB 2

14 Yes Yes 9 4 60 12 DZP, MDZ, fPHT FluB 3

15 No No 5 3 30 15 DZP, fPHT DZP, fPHT HHV-6 2

*PCPC at 6 months after disease onset. BTA, bright tree appearance on diffusion weighted image; DZP, diazepam; fPHT, fosphenytoin; GCS, Glasgow Coma Scale, FluA/B, Influenza virus A/B; HHV-6, human herpesvirus 6;

MDZ, midazolam.
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FIGURE 2 | Study sample. Four of the 15 patients with AED admitted to our hospital during the study period had presented severe truncal instability in the sitting

position after the first seizure (patient No. 3, 8, 11, and 13). Five of the 15 patients with AED admitted to our hospital during the study period had presented severe

truncal instability in the sitting position after the second phase (patient No. 4, 5, 6, 10, and 15). Titubation could not be determined in these patients because of severe

instability in sitting. One of the two patients with AED who showed moderate instability in a sitting position after the first seizure did not undergo therapeutic

hypothermia and experienced no truncal titubation in the sitting position after the second phase (patient No. 7). Three of the nine patients with AED who had mild or

no truncal instability in the sitting position after the first seizure did not undergo therapeutic hypothermia and had truncal titubation in the sitting position after the first

seizure (patient No. 9) or the second phase (patient No. 1 and 2). AED, acute encephalopathy with reduced subcortical diffusion.

during the acute phase. The serum phenytoin concentration
was not measured in each patient. We did not routinely check
for the presence of anti-N-methyl-D-aspartate receptor or anti-
myelin oligodendrocyte glycoprotein antibodies in the CSF
of each patient because none with AED had neuroimaging
findings suggestive of acute disseminated encephalomyelitis or
multiple sclerosis as defined by the criteria of the International
Pediatric Multiple Sclerosis Group in 2013, such as multiple
high-intensity lesions in ADC, or clinical features typical of
autoimmune encephalitis, such as orofacial or limb dyskinesias,
choreoathetosis, or dysautonomia. The occurrence of an
associated infection was identified in 10 patients. Preceding viral
infections were confirmed on the basis of positivity on at least
one antigen test or significantly increased antigen titers in paired
serum samples. Although we confirmed the absence of herpes
simplex virus (HSV) infection in each patient by examining their
CSF samples for HSV deoxyribonucleic acid or serum samples for
anti-HSV immunoglobulin G, we did not routinely conduct CSF
viral culture or polymerase chain reaction test for the detection
of other viruses in each patient; the CSF samples of 10 of the
15 patients with AED (patient No. 1, 2, 4, 7–11, 13, and 14)
were examined. The results were normal in all patients except
two; patient No. 2 had a slightly elevated cell count (9/µL),
and patient No. 9 had a highly elevated cell count with septic
meningitis (3,515/µL).

Nine of the 15 patients underwent therapeutic hypothermia
(Table 1, Figure 2). Patients were classified into the Early-Hypo
group (n = 2), Late-Hypo group (n = 7), or Non-Hypo group
(n = 6). Therapeutic hypothermia was not performed in
patients with mild clinical neurological presentation (n = 3,
patient No. 1, 2, and 7) or absence of the second phase (n
= 3, patient No. 9, 11, and 13). None of the patients in the
Non-Hypo group were intubated, mechanically ventilated,
infused continuously with sedatives, or subjected to body-
temperature maintenance using a cooling device. Except for the
administration of rectal diazepam suppository (0.5 mg/kg/dose)
or bolus injection of diazepam (0.3–0.5 mg/kg/dose), midazolam
(0.1–0.4 mg/kg/dose), or thiamylal (3–5 mg/kg/dose) to
terminate seizures or sedate patients before neuroimaging
acquisition, mechanical ventilation, or therapeutic hypothermia,
none of the patients received medications, such as intravenous
phenobarbital or continuous infusion of midazolam, that
affected their consciousness (Table 2). The first dose of
fPHT was administered at a concentration of 22.5 mg/kg
infused for over 7.5min; the concentrations of subsequent
doses administered for 7.5min every 24 h thereafter were
decreased to 7.5 mg/kg. None of the patients received steroid
pulse therapy or immunoglobulins, except patient No. 3 who
received immunoglobulins (1 g/kg/dose) for the treatment of
Kawasaki disease.
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FIGURE 3 | Diffusion-weighted images of the study sample. (A) Patient No. 1; (B) Patient No. 2; (C) Patient No. 3; (D) Patient No. 4; (E) Patient No. 5; (F) Patient No.

6; (G) Patient No. 7; (H) Patient No. 8. Patients 1–8 show bilateral frontal lesions. Patients 4, 5, and 7 do not show bilateral prefrontal lesions.

Frontal Lesions and Truncal Instability and
Titubation in Sitting After the First Seizure
and Second Phase
DW images of the 15 patients, which were acquired 3–9 days after
the first seizure, are shown in Figures 3A–H, 4A–G.

Regarding truncal instability and titubation after the first

seizure in the 11 patients with bilateral frontal lesions,
eight (five with bilateral prefrontal lesions and three without

bilateral prefrontal lesions) did not present severe instability

while sitting (patient No. 1, 2, 4–7, 9, and 10, Table 1,

Supplementary Table 1, Supplementary Figure 1). While one
of these eight patients was confirmed to have bilateral prefrontal

lesion and truncal titubation (patient No. 9), and two were
confirmed to lack any bilateral prefrontal lesion or any signs
of truncal titubation (patient No. 5 and 7), whether the other
five developed truncal titubation was not confirmed (patient No.
1, 2, 4, 6, and 10) because they presented to our hospital after
the second phase. Of the four patients without bilateral frontal
lesions, three had unilateral prefrontal lesions (patient No. 12, 13,
and 14), and one did not have any unilateral prefrontal lesions
(patient No. 15). Of the four patients without bilateral frontal
lesions, three lacked severe instability in the sitting position and
truncal titubation (patient No. 12, 14, and 15).

Regarding truncal instability and titubation after the second
phase in the 8 patients with bilateral frontal lesions and
the second phase, excluding five patients in whom truncal

titubation could not be determined because of severe instability
in sitting after the second phase (patient No. 3, 4–6, and 10,
Supplementary Figure 2), two with bilateral prefrontal lesions
were confirmed to have truncal titubation (patient No. 1 and 2),
and one without bilateral prefrontal lesions was confirmed not
to have truncal titubation (patient No. 7). Of the two patients
with the second phase and without bilateral frontal lesions, one
with a unilateral prefrontal lesion did not have truncal titubation
(patient No. 12); truncal titubation was not determined for the
other patient without a unilateral prefrontal lesion because of the
severe instability in sitting (patient No. 15).

Comparison of Clinical Features Between
Patients Without and With
Moderate-to-Severe Truncal Instability in
the Sitting Position After the First Seizure
Patients with moderate-to-severe truncal instability in the sitting
position after the first seizure had significantly longer first seizure
duration and lower GCS scores 12–24 h after the first seizure, as
well as higher Tada score and Crea and blood glucose levels than
those with mild or no truncal instability in the sitting position
after the first seizure (P = 0.025, 0.020, 0.002, 0.022, and 0.020,
respectively, Table 3). There were no significant differences in
the other measured clinical features between the two groups
(Table 3).
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FIGURE 4 | Diffusion-weighted images of the study sample (continued). (A) Patient No. 9; (B) Patient No. 10; (C) Patient No. 11; (D) Patient No. 12; (E) Patient No.

13; (F) Patient No. 14; (G) Patient No. 15. Patients 9–11 show bilateral frontal lesions. Patient No. 11 does not show bilateral prefrontal lesions. Patients 12–15 show

unilateral frontal lesions.

Truncal Titubation in Three Patients With
Bilateral Prefrontal Lesions
Three of the nine patients with AED who had mild or no
truncal instability in the sitting position after the first seizure
had truncal titubation in the sitting position (patient No. 1, 2,
and 9, Figure 2). Patient No. 1 (Table 1) was a previously healthy
11-month-old boy and had his first seizure lasting for 4min on
the second day of fever. He was discharged the same day after
being diagnosed with a febrile seizure with normal neurological
findings and blood test results. He had the second seizure 4
days after the first seizure. He had two similar seizures within
6 h of the second seizure, which lasted for 30 s, and his level of
consciousness was clear during the interictal periods. The patient
did not present with muscle weakness or cerebellar symptoms,
such as dysmetria, intention tremor, or nystagmus. After the
fourth seizure, the patient was intravenously administered fPHT
at a dose of 22.5 mg/kg and admitted to our hospital. fPHT
administration was continued with 7.5 mg/kg/dose every 24 h
thereafter until the eighth day after the first seizure, when fPHT
was switched to oral levetiracetam. He was confirmed to have
truncal titubation on admission to the pediatric ward, which was
3 h after the first fPHT administration. He showed horizontal,
mainly backwards-and-forwards and occasionally left-and-right,
truncal titubation (low-frequency, 1Hz; small amplitude, 5◦) and
trivial head titubation (low-frequency, 2Hz; small amplitude) in
the sitting position (the frequency and amplitude were measured
using recorded video images and a protractor on the screen,

Supplementary Video 1). This was continuously observed until
12 days after his first seizure. The results of blood and CSF
tests at admission were all within the normal range. DW images
acquired on the sixth day after the first seizure revealed a
bright tree appearance in the bilateral frontal lobes, especially
in the bilateral prefrontal lobe regions (Figure 3A). Subsequent
neurological examination revealed no remarkable changes in the
patient’s neurodevelopmental milestones before and after the
disease onset; the patient walked with support, shook hands,
and spoke a fewmeaningful words. Sleep electroencephalography
(EEG) on the eighth day after the first seizure showed no
remarkable findings, and an MR image (DW image) acquired
on the seventeenth day revealed slight atrophy in the bilateral
hemispheres without high-intensity lesions.

Patient No. 2 (Table 1) was a previously healthy 14-month-

old girl who experienced a generalized clonic seizure lasting for
2min on the second day of fever and was brought to a referring

hospital. She had right-sided hemiplegia, which lasted for 1 h.

Activity in her right hand was reduced, but she was able to
maintain a sitting position without support. Her white blood cell

count (19.0 × 109/L with 82.9% polymorphonuclear leukocytes)
and C reactive protein level (2.7 mg/dL) were within the normal
range. On the third day after the first seizure, her fever abated,
and she was diagnosed with exanthema subitum. On the fifth
day after the first seizure, she had recurrent tonic-clonic seizures
of the right hand with a deviation of the eyes. Intravenous
fPHT was administered at a dose of 22.5 mg/kg to terminate the
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TABLE 3 | Comparison of the clinical features of patients without and with moderate-to-severe instability in the sitting position after the first seizure.

Mild or no instability in the sitting

position after the first seizure

Moderate-to-severe instability in

the sitting position after the first

seizure

Effect size p value

n = 9 n = 6

Age in months, median (IQR), n 18 (14–32.5) 9 19.5 (16–48) 6 0.168 0.546

Sex, female (%) 4 (44.4) 1 (16.7) 0.289 0.580

GCS, median (IQR), n 15 (15–15) 9 12.5 (11–15) 6 0.580 0.020*

Duration of seizure in min, median (IQR), n 27.5 (4.5–50) 9 60 (50–65.5) 6 0.580 0.025*

Truncal titubation n (%) 3 (33.3) 0 (0) 0.408 0.229

Distribution of the lesion

Bilateral frontal, n (%) 6 (66.7) 5 (83.3) 0.185 0.604

Bilateral prefrontal, n (%) 5 (55.6) 2 (33.3) 0.218 0.608

Diffuse lesion including perirolandic area, n (%) 1 (11.1) 0 (0) 0.218 1.000

Basal ganglia or thalamus lesion, n (%) 3 (33.3) 1 (16.7) 0.185 0.604

Tada score, median (IQR), n 2 (1–2.5) 9 5 (4–6) 6 0.768 0.002*

Patients with biphasic clinical course, n (%) 7 (77.8) 9 3 (75.0) 4 0.318 0.510

AST, IU/L, median (IQR), n 38.0 (32.0–55.0) 9 49.5 (39.0–67.0) 6 0.320 0.237

ALT, IU/L, median (IQR), n 13.0 (10.5–17.5) 9 17.0 (16.0–21.0) 6 0.366 0.168

LDH, IU/L, median (IQR), n 333.0 (294.5–338.5) 9 336.0 (293.0–390.0) 6 0.198 0.475

BUN, mg/dL, median (IQR), n 8.4 (6.85–12.8) 9 11.95 (10.7–14.4) 6 0.365 0.171

Creatinine, mg/dL, median (IQR), n 0.25 (0.21–0.31) 9 0.34 (0.31–0.47) 6 0.581 0.022*

Blood glucose, mg/dL, median (IQR), n 156.5 (130.0–200.5) 9 258.0 (237.0–271.0) 6 0.600 0.020*

fPHT administration after the first seizure, n (%) 5 (50.0) 5 (77.8) 0.289 0.580

Therapeutic options 0.218 0.790

Early-Hypo group, n (%) 1 (16.6) 1 (11.1)

Late-Hypo group, n (%) 5 (50.0) 2 (44.4)

Non-Hypo group, n (%) 3 (33.3) 3 (44.4)

PCPC 12 months after disease onset 2 (1.5–2.5) 9 2.5 (1–3) 6 0.191 0.514

*P < 0.05. AST, aspartate aminotransferase; ALT, alanine aminotransferase; BUN, blood urea nitrogen; fPHT, fosphenytoin; GCS, Glasgow Coma Scale; IQR, interquartile range; LDH,

lactate dehydrogenase; PCPC, Pediatric Performance Category Scale.

seizure. The EEG performed on the next day showed frequent
sharp waves in the left hemisphere. MR images (DW image)
acquired on the eighth day after the first seizure revealed a
bright tree appearance in the bilateral frontal lobes, especially
in the bilateral prefrontal lobe regions, bilateral globus pallidus,
and caudate nucleus (Figure 3B, Supplementary Figure 3). The
patient was transferred to our facility on the same day for
further management of the disease. Her level of consciousness
was normal with a GCS score of 15 on admission and showed
truncal titubation with small-amplitude oscillation—mainly left-
and-right truncal movements (low-frequency, 1Hz; relatively
large amplitude, 15◦)—in the sitting position (the frequency
and amplitude were measured using recorded video images and
a protractor on the screen, Supplementary Video 2). This was
continuously observed from the day of admission to our hospital
until 19 days after her first seizure. Although the patient’s parents
reported that it had not been observed before the first seizure,
we could not confirm the time at which truncal titubation began
because the patient was transferred to our hospital after the
second seizure. The activity of the right hand was reduced; the
patient could not perform a pincer grasp with the right hand and
preferred to use her left hand. She did not show forced hand

grasping. Except for truncal titubation, neurological findings
were normal. We observed no muscle weakness or cerebellar
symptoms, such as dysmetria, intention tremor, or nystagmus
on admission. CSF examination revealed an increased number
of cells (9/µL; lymphocytes, 100%) and normal protein levels (20
mg/dL). EEG performed on the ninth day showed sharp waves
in the bilateral frontal and right temporal regions. The patient
was intravenously administered fPHT at a dose of 22.5 mg/kg
on that day and at 7.5 mg/kg/dose every 24 h thereafter until
12 days after the first seizure when fPHT was switched to oral
levetiracetam. The bright tree appearance disappeared from the
DW images on the seventeenth day after the first seizure, but
the bilateral globus pallidus lesions remained and atrophy in
both hemispheres was observed on MR images. She was able
to pull herself up and grab toys using her right hand, but her
preference for using her left hand remained at her discharge from
the hospital 26 days following the first seizure.

Patient No. 9 (Table 1) was a previously healthy 20-month-
old boy and had the first seizure on the second day of fever.
He was brought to our hospital, and the seizure lasted for
25min until intravenous diazepam was administered. The blood
test on arrival revealed increased white blood cell count (14.6
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× 109/L with 85.8% polymorphonuclear leukocytes) and C
reactive protein level (11.5 mg/dL). CSF examination revealed
an increased number of cells (3,515/µL; lymphocytes, 2%) and
protein levels (401 mg/dL). The patient was diagnosed with
bacterial meningitis, and dexamethasone 0.6 mg/kg/day for 2
days and antibiotics (meropenem and ceftriaxone) were started.
The CSF culture revealed S. pneumoniae, and antibiotics were
switched to ampicillin following the susceptibility test results
until the fourteenth day after the first seizure. The patient was also
administered fPHT intravenously at a dose of 22.5 mg/kg after
the first seizure and 7.5 mg/kg/dose every 24 h thereafter until
the fourth day after the first seizure when fPHT was switched
to oral levetiracetam. He started waking up at 16 h after the
first seizure and kept sitting on the bed with continuous truncal
titubation, which was mainly backwards-and-forwards (low-
frequency, 1Hz; small amplitude). He had truncal titubation for
3 days. DW images acquired on the fifth day after the first seizure
revealed a bright tree appearance in the bilateral frontal lobes,
especially in the bilateral prefrontal lobe regions (Figure 4A).
Subsequent neurological examination revealed no remarkable
changes in the patient’s neurodevelopmental milestones before
and after disease onset except his gross motor development
milestone; the patient was only able to walk with support at his
discharge from the hospital 26 days following the first seizure.

DISCUSSION

Upon evaluating the presence of truncal instability and titubation
in patients with AED, the present study revealed two major
findings. First, six of the 15 patients with AED had moderate-
to-severe truncal instability in a sitting position after their first
seizures, and these patients had significantly longer first seizure
duration and significantly lower GCS scores 12–24 h after the
first seizure, as well as significantly higher Tada score and Crea
and blood glucose levels than those with mild or no truncal
instability in the sitting position after the first seizure. Second,
bilateral prefrontal lobe regions were observed in three 1-year-old
children with truncal titubation (patient No. 1, 2, and 9).

Truncal Instability and Titubation After the
First Seizure or the Second Phase in
Patients With AED
Most of the patients (14 out of 15 patients) with AED had
mild-to-severe truncal instability in the sitting position or while
standing/walking after the first seizure or the second phase.While
the inability to sit or stand was reported to be a symptom of
AED before the second phase in four out of 32 patients (12.5%)
with AED (8), nine out of 15 patients (60%) in our current study
had mild-to-severe truncal instability while in a sitting position
after the first seizure. Our higher prevalence for truncal instability
may be attributed to the fact that we routinely checked for
truncal titubation and truncal instability in a sitting or standing
position or while walking in all patients who were admitted to
our facility after the febrile/afebrile seizure, including all patients
with AED. In addition to major neurological findings reported in
patients with AED before the second phase, such as somnolence,

slight disturbance of consciousness, involuntary movements
(e.g., dystonia, oral dyskinesia, stereotyped movement), slight
hemiplegia, sensory disturbance or hemianopsia (7, 8), instability
may be an important clinical sign for suspecting AED after the
first seizure and the second phase.

The duration and timing for which patients with AED showed
truncal instability or titubation has not been reported previously.
Thus, we set the evaluation period for truncal instability and
titubation to 20 days after the first seizure in the Non-Hypo
group because titubation was identified after the first seizure
or the second phase and was observed until 12 days after the
first seizure in patient No. 1, 19 days in patient No. 2, and
3 days in patient No. 9 in the current study. Conversely, we
excluded the period after therapeutic hypothermia in the Early-
Hypo and Late-Hypo groups for observing truncal instability
and titubation to exclude the effects of prolonged sedation use
for therapeutic hypothermia. It is also important to note that it
should be evaluated several hours after a seizure or antiepileptic
medication use (e.g., diazepam, midazolam) to exclude the effects
of antiepileptic medications.

The Tada score was significantly higher among patients
with moderate-to-severe truncal instability in a sitting position
after the first seizure than those with mild or no instability.
The comparison of clinical features between patients with
and without moderate-to-severe truncal instability in a sitting
position was performed because the median age of our patients
was 19 months; hence, judging instability while the patient
stood/walked was considered difficult in some cases due to
individual developmental milestones not having been reached
before the onset of the disease. As shown by multivariate analysis
in a previous study, the Tada score and basal ganglia/thalamic
lesions were the determinants of poor outcomes in patients with
AED (4). Therefore, the presence of moderate-to-severe truncal
instability may also be a sign that is associated with the Tada score
and may suggest poor outcomes in patients with AED, although
there was no significant difference in the direct comparison of
outcomes between patients with and without moderate-to-severe
truncal instability in a sitting position in the current study,
presumably, because of the difference in therapeutic options.

Truncal Titubation and Bilateral Prefrontal
Lesions
Of the 15 patients with AED who were included in our current
study, three 1-year-old children with AED had truncal titubation
and bilateral prefrontal lesions. The patient who did not have
severe truncal instability in a sitting position after the second
phase did not show truncal titubation (patient No. 12), but
did have unilateral hemispheric lesions, including unilateral
prefrontal lesions. This observation was consistent with a
previous report on a patient with truncal titubation and lesions
of the bilateral frontal lobes, especially in Brodmann area 10 and
the origin of the frontopontocerebellar tract, causing frontal lobe
ataxia (10). This may suggest that bilateral prefrontal lesions are
responsible for truncal titubation in patients with AED, although
this hypothesis was based on findings collected from a small
sample. According to a previous report, although patients with
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AIEF do not have motor paralysis and are able to behave in
response to brief commands from others, stereotypic movements
(e.g., tapping on one hand, sucking the hands and then throwing
the arms forward repeatedly, jumping on the bed, and catalepsy)
were reported after the recovery of consciousness along with the
regression of verbal function and marked diminution of active
and voluntary behavior (5); however, truncal titubation has not
been reported previously.

We administered fPHT to all three patients with truncal
titubation without measuring their serum phenytoin
concentrations; however, phenytoin toxicity was not likely
to be the cause of truncal titubation. Patient No. 1 was confirmed
to have truncal titubation 3 h after the first fPHT administration;
patient No. 2 had already shown truncal titubation upon her
admission, 3 days following her first and also last receipt of fPHT
after the first seizure; and patient No. 9 was confirmed to have
truncal titubation 20 h after the first fPHT administration. fPHT
is completely converted to phenytoin following intravenous
administration, with a half-life of a median of 8min (4–16min)
and mean total phenytoin half-life values following fPHT
administration of 12.0–28.9 h (15–18). None of the three
patients had a renal or hepatic disease or hypoalbuminemia,
which decrease the ability to bind fPHT and elevate the plasma
concentrations of unbound phenytoin (17, 19). There was no
concomitant use of other medications that decreased phenytoin
metabolism, such as valproic acid or cimetidine, in these
patients. Further, the earliest signs of phenytoin toxicity are
horizontal nystagmus, ataxia, and drowsiness, although there
is large individual variability in the correlation between serum
concentrations and clinical findings (20, 21). None of our
patients with truncal titubation had nystagmus or drowsiness.

Cerebellar, vestibular, or frontal lobe disorders are usually
responsible for ataxia. Head titubation is reported as one
of the cerebellar manifestations. Horizontal, high-frequency
(3Hz), small-amplitude (5–10◦) titubation with a variable
duration ranging from several min to 1 h in 13 children
with Joubert syndrome has previously been reported, although
the pathogenesis of head titubation is unclear (22). Patients
with rhombencephalosynapsis also demonstrate intermittent or
almost constant head-shakingmovements with a lower frequency
and larger amplitudes than those with Joubert syndrome (23).
Head-shaking in rhombencephalosynapsis represents a response
to a deficit in central vestibular processing or an underlying
rhythmic motor pattern that is usually suppressed in the presence
of appropriate vestibular feedback (23). Furthermore, head
titubation has been reportedly observed in patients with Dandy–
Walker syndrome, which involves the partial midline fusion of
the cerebellar hemispheres with vertical folia (24).

Titubation is also one of the clinical signs of frontal lobe
ataxia. Patients with frontal lobe ataxia have been reported
since the late 19th century, and MRI and other neuroimaging
modalities have revealed the pathology of the frontal lobe ataxia
(10, 11, 25, 26). The frontal lobes control truncal motion, postural
responses, maintenance of equilibrium, and locomotion (10).
Disequilibrium attributable to frontal lobe lesions manifests
as a wide-stance base, increased body sway, falls after minor
perturbations, poor truncal control, locomotor disability with

gait ignition failure, shuffling, and freezing without showing signs
of cerebellar ataxia (e.g., dysmetria, asynergy of limb movement,
dysarthria, and nystagmus) (10). Initially, frontal ataxia was
reported in patients with injury to the bilateral frontal lobes,
particularly the prefrontal cortex (Brodmann area 10) or the
supplementary motor area (11, 26). Later, three pediatric patients
with unilateral frontal lobe injury, particularly in the right middle
or upper frontal gyri, were reported to show disequilibrium
and/or mild signs of upper limb ataxia (12). Injury to the
frontopontocerebellar tract is the most plausible mechanism for
frontal lobe ataxia (11).

We were unable to ascertain the exact time points at which
patients No. 1 and 2 first presented truncal titubation because
both were admitted to our facility after the initiation of the
second phase. The frequency and amplitude seen in our three
patients with truncal titubation differed from those reported in
patients with Joubert syndrome (22). The frequency was 1–2Hz,
which was slower than that reported in patients with Joubert
syndrome. These three patients had a GCS score of 15 and a Tada
score < 3, and they were able to sit alone and stand with support,
which suggests that they had a milder clinical course than the
other patients in our study (Tables 1, 2).

Truncal instability in a sitting position or while walking
after the first seizure was also seen in patients with AED
without bilateral prefrontal lesions (patient No. 4, 5, 7, 11,
and 13–15). Patients with AED do not typically show any
abnormal neuroimaging findings in the cerebellum or brain stem.
Furthermore, parietal lobe injury was reported to cause ataxia
(27, 28). Hence, truncal instability in a sitting or standing position
or while walking may be attributed to frontal, parietal, basal
ganglia or thalamic lesions because none of the patients in our
current study had any abnormal findings in the cerebellum or
brain stem. Unilateral frontal lobe injury and disequilibrium
were previously reported in three pediatric patients (12). Three
out of four patients with AED without bilateral frontal lesions
in our present study showed instability (patient No. 13-15,
Table 1), but none of the patients with AED without bilateral
frontal lesions showed truncal titubation. Our data suggest that
truncal titubation may not stem only from disequilibrium but
may also be related to other mechanisms in bilateral prefrontal
lesions. Because our study included a small study sample, further
studies investigating the association of the bilateral prefrontal
lobe lesions with truncal titubation in patients with AED must
be conducted usingmore objective methods, such as stabilometry
or quantitative evaluation with oculomotor and vestibular testing
(29, 30).

Limitations
First, it is difficult to conclude the relationship between truncal
titubation and prefrontal lesions because of the following
reasons. This study included a small number of cases with
titubation. Although MR images were acquired 3–9 days after
the first seizure in our study and all patients without bilateral
prefrontal lesions (patient No. 4, 5, 7, 11, 12–15) undertook
MR imaging 4 days after onset, some patients might have
had lesions broader than their MR images at peak stages
of the disease because it has been reported that lesions in
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the bilateral frontal and occipital regions seen on the first
MRI on the day after onset spread to the entire subcortical
white matter on the second MRI taken 5 days after onset
(31). The EEG findings of increased regions with sharp waves
in patient No. 2 in our study may also suggest that the
damaged lesions spread to the bilateral frontal and right
temporal regions after the first EEG. In addition, we could
not exclude the possibility that medications used to terminate
seizure could influence truncal instability and titubation although
none of the patients received medications, such as intravenous
phenobarbital or continuous infusion of midazolam, that affected
their consciousness except for the administration of diazepam,
midazolam, or thiamylal to terminate seizures or sedate patients
prior to neuroimaging acquisition, mechanical ventilation, or
therapeutic hypothermia.

It is important to investigate the relationship between
truncal titubation and prefrontal lesions in future studies
because truncal titubation would be easier to identify
for clinicians when the patient continues to sit or stand
compared to neurological findings reported in patients with
AED before the second phase, such as somnolence, slight
disturbance of consciousness, involuntary movements (e.g.,
dystonia, oral dyskinesia, stereotyped movement), slight
hemiplegia, sensory disturbance, or hemianopsia (7, 8)
particularly, when a patient is under 3 years of age [i.e., the
most common age at which children develop AED (6)]. In
addition, further studies investigating truncal instability and
titubation as early clinical markers of AED before and after
the second phase are necessary because a proposed AESD
predictive score showed a low positive predictive value of
47% (32).

Second, this study was performed retrospectively, and truncal
titubation that occurred for only a few hours may have been
missed; however, as the presence of truncal titubation and
instability in a sitting position or while walking in patients
who were admitted to our hospital with seizures were routinely
checked and recorded every day, we minimized the risk of
overlooking an instance of titubation or instability.

Third, although physical examination related to cerebellar
symptoms, such as dysmetria, intention tremor, and nystagmus,
were routinely assessed, the quantitative evaluation of
oculomotor and vestibular systems was not performed to
differentiate the cerebellar diseases or vestibular lesions in
each patient, as 11 of the total 15 patients were under the
age of 3 years and were uncooperative, particularly after the
first seizure.

Conclusion
Despite the limited ability to extrapolate findings from a small
number of cases, truncal instability in a sitting position after the
first seizure in patients with AED may represent disease severity,
not specific lesions in the brain. The fact that three patients with
AED had continuous truncal titubation in the sitting position
implies that truncal titubation in AED may be related to the
presence of bilateral frontal lobe lesions; further prospective
studies are needed to confirm this.
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