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Abstract. – OBJECTIVE: This is a review on 
clinical presentation, diagnosis, and treatment of 
reported cases of Bickerstaff brain encephalitis.

MATERIALS AND METHODS: Cases of pe-
diatric Bickerstaff’s brainstem encephalitis col-
lected from PubMed, Cochrane Library and Sco-
pus Web of Science databases were reviewed. 
The inclusion criteria of the cases were based 
on age ≤ 18 years and the clinical characteris-
tics of the disorder.

RESULTS: Twenty-seven articles on Bicker-
staff’s brainstem encephalitis, including 236 
children from a total of 42 from January 1990 to 
January 2020, were selected. The phenotype of 
the pediatric cases confirmed those described 
in the previously published articles. Almost half 
of the cases demonstrated the positivity of an-
ti-GQ1b antibody titers, but the antibodies’ pres-
ence was not linked to longer healing time. How-
ever, it was found that individuals with neuroim-
aging changes needed a longer time to recov-
ery. Overall, patients treated with any type of 
immunotherapy (intravenous immunoglobulins, 
steroid or plasmapheresis) demonstrated fast-
er resolution of symptoms than supportive care.

CONCLUSIONS: Bickerstaff’s brainstem en-
cephalitis is an uncommon disorder, the short-
term and long-term prognoses depend on the 
clinical presentation of the disorder, co-morbid-
ity, instrumental investigations, and precocity 
of treatment.

Key Words:
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matory encephalitis, Acute encephalopathy.

Introduction

Bickerstaff brain encephalitis (BBE) is an un-
common type of inflammatory neuropathy that 

mainly affects the central nervous system. It 
was reported the first time in 19511. The disorder 
shares some features with another post-inflam-
matory neuropathy, the Miller Fisher syndrome 
(MFS), and was then reported by some authors 
as a unique disorder, called Guillain-Barré poly-
neuropathy. Among the group of these disorders 
it is also included the Guillain-Barré syndrome 
(GBS), which is the most frequent and is mainly 
characterized by acute onset, rapidly progressive, 
symmetrical muscular weakness, gait unsteadi-
ness, and hyporeflexia1-8. BBE is unique from 
these entities, since it presents marked alterations 
in cognitive state.

Many of the existing large-scale studies of 
BBE have been conducted in Japan where the 
annual incidence is estimated to be 8 per 100 
million individuals, and children constitute a mi-
nority of reported cases8.

Children with GBS show a shorter and more be-
nign course comparing to cases of adult age1. The 
MFS and BBE are reported to be less frequent than 
GBS. The MFS is characterized by a triad of oph-
thalmoplegia, ataxia and areflessia5, and BBE by 
central nervous system (CNS) involvement with 
alteration of consciousness or long tract signs be-
yond the classical ophthalmoplegia, and ataxia4,6-8. 
BEE occurs after a previous infection, mainly 
respiratory and gastro-enteric, in which after an 
apparent remission, the affected individuals start 
to show the main features of the syndrome: the 
loss of consciousness, ophthalmoplegia and atax-
ia. These pivotal symptoms may also occur in 
MFS; therefore, to get the diagnosis of BEE other 
specific features are necessary, such as hyperre-
flexia or drowsiness till coma8.
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Despite the rapid onset and gravity of the 
picture, the course is usually benign and with 
a monophasic development with remission in 
around six months in most cases. The remission 
can be total or partial with several grades of 
nervous involvement, as reported in the litera-
ture. Standard treatment consists of intravenous 
administration of immunoglobulin or steroids, a 
single or combined strategy, and plasmapheresis 
in the most severe cases9-11.

Materials and Methods

A literature review was performed on three 
electronic medical databases (PubMed, Cochrane 
Library and Scopus Web of Science) by three 
authors (M.S, M.L., M.M.), evaluating cases pub-
lished in the period between January 1990 and 
January 2020. In the search bar we first intro-
duced the MeSH term “Bickerstaff” and “child” 
or “pediatric”, and a number of 42 manuscripts 
was collected. We selected articles by excluding 
those in which “Bickerstaff” was reported as a 
single case and choosing those in which the term 
“Bickerstaff” was included in the title or as the 
article’s main content. Only, English articles were 
chosen thus obtaining a total of 27 items. Finally, 
a 10-year-old boy’s personal experience with a 
complex type of BBE and a good response to 
treatment was reported. 

Selection Criteria and Data Extraction
Eligible studies for the present review were 

searched in databases selecting with a screening 
of the titles and abstracts through the following 
inclusion criteria: publications within the last 
30 years, written in English language, studies 
published in peer-reviewed journals reporting 
clinical or pre-clinical results. Exclusion criteria 
were articles in which adults were mainly en-
rolled, studies involving rehabilitation, studies 
with surgery as a primary outcome or systematic 
review involving a similar topic. Additionally, we 
excluded studies with no accessible data or with-
out an available full-text. We also excluded all the 
remaining duplicates. The study selection and the 
data extraction were performed independently by 
two authors (S.M., L.M.), and the discrepancies 
were resolved by discussion among the authors. 
The senior investigator (M.B., P.P.) were con-
sulted to revise the full process. We followed 
the rules of the Declaration of Helsinki and our 
study was approved by the board of our AOU 

Policlinico-San Marco, Catania (Ct. 138843). We 
also followed the Prisma flow diagram of the 
literature selection and review process checklist 
from Moher et al12 (Figure 1).

Statistical Methods and Analysis
A descriptive summary was performed. It was 

not possible to perform a meta-analysis and a sta-
tistical analysis due to the different nature of the 
studies and the lack of controlled studies.

Results

Description of the Studies
Once the research was carried out, a total of 29 

articles were identified. After removing the du-
plicates, 27 articles were screened from the titles 
and abstracts (Figure 1). The reviewers analyzed 
the 27 selected articles, and the eligibility of the 
study inclusion was assessed independently; in 
case of conflicting opinions, a consensus was 
reached after discussion between the authors. 
Twenty-seven papers based on clear fulfillment of 
the inclusion criteria were analyzed.

The 27 selected articles were analyzed accord-
ing to Pathogenesis (4), Clinical (3), General (2), 
Cerebrospinal fluid (4), Review (4), Marginal role 
(1), Complications (3), Treatment (3), Diagnosis (3).

Figure 1. Flow diagram of literature selection and review 
process. Moher D, Liberati A, Tetzlaff J, Altman DG, The 
PRISMA Group (2009). Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses: The PRISMA 
Statement. PLoS Med 6(7): e1000097. doi:10.1371/journal.
pmed1000097.
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Discussion

Despite specific data about incidence and prev-
alence not precisely specified, BBE seems to be  
quite uncommon and often under-diagnosed, es-
pecially in children13.

It is a result of several types of common in-
fections, which mainly affect the respiratory and 
digestive tracts, most frequently caused by M. 
pneumoniae, H. influenzae, C. jejuni, although 
other viral agents, such as Rubella, Measles, vi-
rus Chickenpox, Cytomegalovirus, Epstein Barr 
Virus (EBV) or HIV have been reported as trig-
ger factors14-17.

Several cases of BEE associated with M. pneu-
moniae infection have been reported14. To note, 
treatment with a combination of immunotherapy 
and antibiotics gave excellent results with a fa-
vourable course14. Another infection associated 
with BBE is the EBV. Rho et al15 reported on a  
2-year-old boy who had a diagnosis of  GBS and 
BBE caused by EBV. Treatment with a combina-
tion of immunoglobulin and methylprednisolone, 
plus acyclovir, showed a complete recovery after 
3 months. 

The neurological manifestations occured after 
a period of apparent recovery, in a few weeks. This 
time after the infection and the onset of neurolog-
ic manifestation came out in favour of autoim-
mune pathogenesis. It has been suggested that the 
production of particular gangliosides from some 
bacterial agents (i.e., C. jejuni), strictly similar to 
those of myelin constituent, may induce a molec-
ular mimicry phenomenon in which the produc-
tion of specific antibodies (anti-GQ1b) may act 
either on microbial antigen or nervous system16-22. 
The disorder has usually a rapid and acute onset, 
characterized by a typical picture of ophthal-
moplegia and cerebellar symptoms as ataxia. It 
usually begins with cranial nerve involvement 
progressing to various consciousness alterations, 
leading to coma in some rare cases23-24. Ocular 
disturbances start with diplopia and progressive 
ophthalmoplegia, usually symmetric followed by 
gait disturbance within 4 weeks from the pre-
vious infection. However, these two symptoms, 
ophthalmoplegia and cerebellar involvement, are 
common to BEE and MFS. The subsequent man-
ifestations of hyperreflexia or consciousness dis-
turbances, as drowsiness, sleepiness, or coma are 
more suggestive for central involvement, leading 
to a more probable clinical diagnosis of BEE. 
Several other symptoms or signs are commonly 
but not constantly reported, as weakness of the 

limbs (till real flaccid symmetrical tetraparesis), 
superficial or deep sensory disturbances, facial 
weakness or palsy and oculomotor impairment as 
blepharoptosis, internal ophthalmoplegia, bulbar 
palsy, nystagmus, mydriasis or abnormalities of 
pupils8-9. In the acute phase, BEE can be so severe 
to look like a picture of “brain-death” disease23.

BBE has some similarities with MFS and 
diagnostic differences consist of the impaired 
consciousness in BBE, while in MFS the affect-
ed individuals show a flexion response and alert 
consciousness. However, these signs are often 
difficult to distinguish from one another. Brain 
MRI can help diagnose BBE when lesions are 
evident. Brain MRI documents in most of the 
cases abnormalities with hyperintensity in white 
matter, especially in thalami regions. However, 
a clinical case of a 3-year-old boy with BEE 
but with normal brain magnetic resonance was 
reported in which the evidence of cerebellar in-
volvement was demonstrated by statistical anal-
ysis of parametric mapping by positron emission 
tomography (PET). Therefore, in the suspicion of 
BEE but with normal cerebral MRI, the possibil-
ity of performing functional imaging tools, such 
as PET, to document the involvement of the cen-
tral nervous system should be considered25. The 
disorder mainly has a monophasic course; more-
over, there are documented cases with a biphasic 
or relapsing course26-27. As reported by Ishii et 
al26, recurrence appears to be more frequent in 
BBE or MFS than GBS and its probability should 
be higher in younger patients. Recently, Chamsi 
Basha et al24 described a 3-year-old child who 
had the first episode of Bickerstaff encephalitis 
treated with immunoglobulins. The subsequent 
year, the child experienced progressive ataxia 
following an upper respiratory tract infection 
that led to a deterioration of the general clinical 
conditions within 12 hours of hospitalization and 
required cardiopulmonary resuscitation. Brain 
MRI showed signs of bilateral diffuse CNS in-
volvement in the brain stem, thalamus and basal 
ganglia. Brain death was observed on the 11th day 
of hospitalization. 

Diagnosis is founded upon clinical findings 
(useful the localization of symptoms on CNS to 
discriminate BEE), positive history for recent 
upper tract infections, as well as laboratory and 
instrumental studies. Anti-GQ1b IgG antibodies 
are positive in two-third of cases but their detec-
tion could be possible even in MFS; despite this, 
its high specificity and sensitivity usually allow 
a correct diagnosis8. A frequent (but not specific) 
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observation is a raised protein level in CSF with 
or without pleocytosis28. Nerve conduction ve-
locity (NCV) studies29 show a picture of axonal 
demyelination with decreasing of NCV, presence 
of blockages, and other suggestive signs. Fong et 
al30 described a 7-month-old boy with ophthalmo-
plegia followed by rapidly increasing paralysis of 
all four limbs and consciousness disturbances. 
The initial hypothesis was BBE with overlapping 
GBS, supported by the results of the sequential 
nerve conduction study (NCS) compatible with 
an acute inflammatory demyelinating polyneu-
ropathy (AIDP). The child had complete clinical 
recovery after 6 weeks of illness and improved 
NCV results following the administration of 
methylprednisolone, immunoglobulin and plas-
mapheresis. Therefore, this case shows the im-
portance of sequential NCV in children with BBE 
and overlapping GBS to allow them to get a rapid 
and correct diagnosis and an electrophysiological 
prognosis, particularly if the first results of NCS 
are not clear29.

EEG and other electrophysiological evaluation 
are of limited value on diagnosis, due to the un-
specific and very common signs reported29.

However, in the suspicion of BBE, it is neces-
sary to consider the possibility of belonging to a 
more complex group of disorders, such as ophthal-
moplegia, ataxia, and areflexia (SOAA). More than 
one confirmed case of transient coma has been 
reported following SOAA after previous type B flu 
infection in which an extensive brain stem injury, 
including reticular formation was found, as well as 
evidence of cerebrospinal CSF antibodies serum 
IgG anti-GQ1b in the acute phase23.

In almost all the cases reported, the disorder 
follows its course without representing a danger 
for the child’s life; however, it is necessary to 
remember the possible onset of complications, 
such as pneumonia, respiratory failure, autonom-
ic system disorders up to the coma followed by 
exitus24. Excluding these severe cases, BEE has 
a good prognosis, with recovery usually within 
4-6 weeks from the beginning of treatment10-11,13.

As previously reported31-36, BEE can be super-
imposed with GBS and/or MFS; healing will be 
longer and slower in these cases. Recently, we 
hospitalized a 10 years old boy who manifested 
as initial signs ataxia, ophthalmoplegia associat-
ed with diplopia, muscular weakness localized at 
limbs. Subsequently, the child developed respi-
ratory muscle involvement, with breath failure 
in association with cognitive impairment and 
loss of consciousness. We administered IVIG 

and corticosteroids, with a recovery of muscular 
strength and consciousness within two weeks 
(unpublished data). No other recurrent episodes 
in the following two years were reported.

Conclusions

The present data collected by the literature 
showed that BBE in children is often superim-
posed on GBS and MFS. Besides, it is sometimes 
accompanied by demyelinating disease of the 
central nervous system. Antiganglioside anti-
bodies are often undetectable. Immunoglobulin 
therapy generally achieves a good response. The 
prognosis for simple BBE is good in most of the 
cases. For BBE superimposed on GBS or other, 
recovery will be slower and, if untreated, can 
lead to exitus. We suggest a correct diagnosis of 
a clinical assessment that includes NCS, EEG, 
cerebral and spinal MRI for the affected children 
presenting with a clinical picture of BBE/GBS/
MFS. The coexistence of GBS and BBE can give 
rise to various complications and severe respons-
es to treatment compared to that observed in 
patients with BBE alone. Therefore, a consensus 
on the diagnostic criteria, treatment, and man-
agement of children with BBE/GBS/MFS should 
be indicated at the aim of having a common line 
in the assessment of the affected children on this 
complex and uncommon but not always benign 
disorders.
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