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SUMMARY
Acute encephalitis is a syndromic diagnosis. In the last 
two decades, a unique clinico- radiological entity, named 
acute encephalopathy with biphasic seizures and late 
restricted diffusion (AESD), has been reported in children 
from Asia. It is characterised by an acute febrile illness 
with seizures and encephalopathy, with some initial 
improvement followed by a second flurry of seizures and 
deep encephalopathy, 3–4 days later. MRI may show 
a pattern of ’bright tree appearance’. An aetiological 
agent may not always be identified but an infectious 
trigger is proposed. Immunomodulatory therapy has 
been tried with variable results. The prognosis is variable, 
and children are usually left with neurological sequelae 
including epilepsy and cognitive impairment. We describe 
a female infant who presented with the typical clinico- 
radiological syndrome of AESD and human bocavirus 
was identified in the stool. She received steroids 
and antiepileptic drugs. She has persistent cognitive 
impairment at follow- up but remained seizure free.

BACKGROUND
Acute encephalopathy with biphasic seizures and 
late restricted diffusion (AESD) is a parainfectious 
entity, characterised by febrile onset of seizures 
followed by a flurry of subsequent seizures, with an 
intervening seizure- free interval (biphasic seizures).1 
In almost half of the cases, viral infections are iden-
tified as triggers.2 Children usually remain enceph-
alopathic for a prolonged period with variable 
recovery in sensorium and neurological function. 
AESD is a rare disorder, probably underreported 
due to lack of awareness. AESD is reported mainly 
from East Asian countries, with limited literature 
from India.2 3 Here, we report an infant with AESD 
associated with human bocavirus (HBoV) infection.

CASE PRESENTATION
A female infant was brought to the paediatric 
emergency department of a referring hospital with 
a history of fever and diarrhoea for 3 days and 3 
episodes of generalised tonic- clonic seizures (GTCS) 
followed by encephalopathy. A syndromic diagnosis 
of acute febrile encephalopathy was considered, 
and she was treated with ceftriaxone, acyclovir, 
and phenytoin. Over the next 2 days, there was no 
recurrence of seizures, her encephalopathy abated, 
and she started accepting direct breast feeds. On 
day 6 of illness, there was recurrence of multiple 

episodes of GTCS without regaining consciousness 
in between seizures, for which she received leveti-
racetam and continuous midazolam infusion and 
was referred to our centre for further management.

At triage, she had an unstable airway, bradypnoea 
and encephalopathy with a Glasgow Coma Scale of 
8, normal equal- sized pupils with normal reaction 
to light and no clinical seizures. She had generalised 
appendicular hypertonia, normal deep tendon 
reflexes, and no signs of meningeal irritation. The 
rest of the systemic examination was normal.

INVESTIGATIONS
Blood glucose, renal and liver function tests, 
complete blood counts and C reactive proteins 
were normal. Cerebrospinal fluid (CSF) examina-
tion revealed lymphocytic pleocytosis (22 cells/
mm3 with 96% lymphocytes), normal glucose and 
proteins, and sterile culture. MRI of the brain, 
done on day 5 of illness, revealed bilateral diffusion 
restriction in subcortical and deep white matter in 
the frontal, temporal and parieto- occipital areas 
(figure 1).

Stool sample was positive for HBoV DNA and 
negative for rotavirus, enterovirus, norovirus and 
astrovirus RNA by multiplex PCR assay. CSF HSV 
DNA PCR was negative. However, we could not 
perform extended viral panel on CSF and respira-
tory samples.

DIFFERENTIAL DIAGNOSIS
Based on the clinical features and radiological 
investigations, the possibilities of rotaviral encepha-
litis or AESD were considered.

Due to the biphasic seizures, typical febrile 
presentation and deep encephalopathy, AESD was 
considered more likely.

HBoV could be the cause of preceding acute 
gastroenteritis like illness, which probably triggered 
the AESD in this child. However, we could suggest 
only an association of AESD with HBoV infection 
rather than causation.

TREATMENT
At presentation to our centre (day 6 of illness), she 
was intubated for airway protection and started on 
mechanical ventilation and continued on intrave-
nous ceftriaxone and acyclovir.

Her seizures were controlled on three antie-
pileptic drugs, that is, phenytoin (8 mg/kg/day), 
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levetiracetam (60 mg/kg/day) and midazolam infusion (maximum 
up to 12 microgram/kg/min).

She received pulse dose of intravenous methylpredniso-
lone (30 mg/kg/day) (started on day 4 of illness in the referring 
hospital) for a total of 3 days.

On day 7 of illness, ceftriaxone and acyclovir were stopped 
as the CSF culture was sterile and HSV DNA PCR was negative.

On day 7 of illness, midazolam infusion was tapered and 
stopped following a 12- hour seizure- free interval and phenytoin 
and levetiracetam were continued.

On day 10 of illness, she was extubated and discharged (back- 
referred to the referring hospital) on oral phenytoin (8 mg/kg/
day) and levetiracetam (60 mg/kg/day).

OUTCOME AND FOLLOW-UP
At the time of discharge, she was afebrile, had stable vitals and 
spontaneous movements of all limbs. However, she was unable 
to recognise her parents or respond to surroundings. As she 
was not able to feed herself, she was discharged on nasogastric 
feeding.

At 2 months follow- up, she had started indicating hunger by 
crying, responding to the mother’s voice and was able to take 
direct breast feeds. She remains seizure free on two antiseizure 
medications. However, there was no visual fixation and is due 
for visual evoked potential assessment.

DISCUSSION
AESD is a parainfectious phenomenon under the umbrella term 
of acute leucoencephalopathy with restricted diffusion (ALERD) 
in children.4 The description of AESD is mainly in the form of 

retrospective case series from Southeast Asian countries. A caus-
ative agent is not always identified, but viruses such as influ-
enza, rotavirus, adenovirus, human herpes virus 6, enterovirus 
and coxsackie virus A6; and bacteria such as Mycoplasma and 
Escherichia coli O157:H7 have been implicated.5 It has also been 
reported as a complication of meningoencephalitis caused by 
Streptococcus pneumoniae.6 7 Kamate and colleagues reported 
16 cases of ALERD from India, out of which only one had a 
typical AESD like presentation.3 A detailed aetiological workup 
was not carried out in this case series. The exact pathophysi-
ology of AESD is yet to be elucidated, but the possible proposed 
mechanism is immune mediated excitotoxic injury leading to 
neuronal death.4 AESD has typical MRI findings which appear 
at the time of second flurry of seizures (biphasic illness), charac-
terised by diffusion restriction in the subcortical areas of bilat-
eral hemispheres while sparing the basal ganglia (as ‘bright tree 
appearance’). Diffuse and central- sparing patterns have also 
been described.8 Okumura and colleagues tried to compare the 
outcomes between these radiologically distinct subtypes and 
found that children with diffuse involvement may have a severe 
disease and worse outcomes.9 The index case had a central 
sparing pattern as described. Hypoxic ischaemic encephalopathy 
or non- accidental trauma might present with similar imaging, 
which may be excluded by history and examination. A similar 
symmetrical but patchy involvement is also described in rotaviral 
encephalitis, which was considered in the differential diagnosis 
of the index case.10 11

HBoV, a member of the parvoviridae family, has been asso-
ciated with respiratory tract infections.12 Extrapulmonary 
infections have also been reported with HBoV including 
gastroenteritis and encephalitis.13 14 The isolation of HBoV 
from stool specimens in the index case is not sufficient to 
establish causation but adds to the list of possible infectious 
triggers of AESD. Thus, inclusion of HBoV testing in viral 
panels is warranted while evaluating for the triggers for 
AESD. In addition, initiation of multicentric studies would be 
ideal to establish the aetiology.

As the pathogenesis appears to be immune mediated, immuno-
modulatory therapies such as intravenous methyl- prednisolone 
and intravenous immunoglobulins have been tried in AESD but 
there is no strong evidence from randomised trials.9 These are 
usually started only after ruling out infectious aetiology. Other 
agents like cyclosporine A, dextromethorphan and N- methyl- 
D- aspartate receptor antagonists have been tried with variable 
results.15 There are no established guidelines to use any of these 
agents and prospective randomised trials are the need of the 
hour.

Prognosis of AESD is highly variable. Only 2 children out of 
the 16 reported from India had neurologically intact survival, 
indicating that this is an exception rather than the norm.3 Diffuse 
pattern of involvement on neuroimaging, intractable seizures 
and development of post- encephalitis epilepsy (PEE) are poor 
prognostic markers.

A large proportion of children will continue to have cogni-
tive impairment, speech impairment, and behavioural prob-
lems. These residual neurological issues have been reported 
in up to 87.5% of children in the Indian series and 55% in 
the East Asian studies.3 9 PEE, characterised by the onset of 
a new variety of seizures or recurrence of similar seizures, 
more than 3 months after the initial presentation, is seen in 
23%–44% of cases.5 The index child did not have recurrence 
of seizures or new onset of seizures, but she is under close 
follow- up to monitor for the PEE and other neurological 
sequalae.

Figure 1 MRI of the child showing normal T1 (A) and T2 (B) images. 
Diffusion weighted images (C), show restricted diffusion (appearing 
hyperintense) in bilateral frontal, parietal and occipital subcortical 
areas (‘bright tree appearance’) while sparing the basal ganglia. The 
same areas appear hypointense in apparent diffusion coefficient (ADC) 
images (D). This pattern of involvement with the associated clinical 
findings were suggestive of a diagnosis of acute encephalopathy with 
biphasic seizures and late restricted diffusion (AESD).
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Learning points

 ► Acute encephalopathy with biphasic seizures and 
late- restricted diffusion (AESD) is a recently described 
parainfectious entity which has characteristic clinico- 
radiological features.

 ► A typical biphasic presentation of febrile onset seizures with 
typical MRI findings can clinch the diagnosis.

 ► Viral infections are the most common triggers for AESD.
 ► Human bocavirus should be included in viral panels for AESD.
 ► Prognosis is not always favourable and children may develop 
epilepsy, cognitive impairment, speech impairment and 
behavioural problems.
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