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PURPOSE
We aimed to present clinical and radiologic characteristics of mild encephalitis/encephalopathy
with a reversible splenial lesion (MERS) in children.

METHODS

Eight children (5 boys and 3 girls; median age, 5.9 years; age range, 8 months to 14.1 years)
diagnosed with MERS between September 2015 and June 2017 were included in the study. We
reviewed the patient’s data, including demographic characteristics, prodromal and neurologic
symptoms, neurologic examination, magnetic resonance imaging and electroencephalography
findings, laboratory findings, treatment, and prognosis.

RESULTS

Prodromal symptoms were nausea and vomiting (n=6), diarrhea (n=6), and fever (n=3). Initial
neurologic symptoms were seizures (n=4), delirious behavior (n=1), drowsiness (n=1), ataxia
(n=1), transient blindness (n=2), abnormal speech (n=2), and headache (n=1). Two patients had
a suspected infective agent: urinary tract infection caused by Escherichia coli and gastroenteri-
tis caused by rotavirus. Seven patients had type | lesions, comprising characteristic symmetric
ovoid (n=6) and band-shaped (n=1) T2-weighted hyperintense lesions at the spenium of corpus
callosum, and one patient had type Il lesion with additional symmetric posterior periventricular
lesions. The lesions were isointense to mildly hypointense on T1-weighted imaging and did not
show enhancement. All lesions displayed restricted diffusion. In all patients, neurologic symp-
toms completely normalized <48 hours from the onset of symptoms without any sequelae.

CONCLUSION
MERS has characteristic imaging features and favorable outcome.

ild encephalitis/encephalopathy with a reversible splenial lesion (MERS) is a clini-

coradiologic syndrome first described by Tada et al (1). Patients typically present

with mild encephalopathy following prodromal symptoms such as fever, cough,
vomiting and/or diarrhea. The most pronounced neurologic symptoms are disturbance of
consciousness, abnormal speech, delirious behavior, seizures, muscle weakness, ophthal-
moplegia, facial nerve paralysis, and headache (2, 3).

On magnetic resonance imaging (MRI), MERS is almost always associated with a transient
splenial lesion that is slightly hyperintense on T2-weighted images, isointense to slightly
hypointense on T1-weighted images, and shows reduced diffusion (hyperintensity on dif-
fusion-weighted images and low apparent diffusion coefficient [ADC] values) without con-
trast enhancement during the acute period of the disease (1). Splenial lesions may extend
into the callosal radiations, frontoparietal subcortical white matter and to the rest of the cor-
pus callosum. Type | refers to isolated splenial involvement, while type Il refers to additional
involvement of remainder of the corpus callosum or supratentorial white matter (4, 5).

The pathogenesis of MERS is not known. Some bacterial/viral agents (rotavirus, adenovi-
rus, influenza A and B, dengue virus, mumps virus, Mycoplasma pneumoniae, Streptococcus
pneumoniae) and hyponatremia are the most commonly reported associations with MERS
(2, 6-11). Prognosis is usually favorable with complete resolution of clinical and imaging
findings within several months.

You may cite this article as: Yildiz AE, Maras Geng H, Giirkas E, Akmaz Unli H, Oncel iH, Giiven A. Mild encephalitis/encephalopathy with a reversible
splenial lesion in children. Diagn Interv Radiol 2018; 24:108-112.

108


https://orcid.org/0000-0001-7208-8097
https://orcid.org/0000-0001-8869-0277
https://orcid.org/0000-0003-3942-5105
https://orcid.org/0000-0002-0291-3589
https://orcid.org/0000-0002-0710-7818
https://orcid.org/0000-0001-8226-0516

Although many of the reports of MERS
have been from East Asia, especially from
Japan, there are case reports and case series
of MERS from European countries including
United Kingdom (8), Switzerland (12), Spain
(13), Turkey (10, 14) and also from Australia
(15) and Malaysia (9). Herein, we present
clinical and MRI findings of 8 Turkish chil-
dren with MERS and emphasize the clinical
and MRI findings of this syndrome.

Methods

Institutional review board approval was
obtained, and the need for informed con-
sent was waived for this retrospective study.

Children who were admitted to the hos-
pital from September 2015 to June 2017
with mild encepalitis/encephalopathy with
complete recovery associated with MRI
findings of a reversible lesion with tran-
siently reduced diffusion isolated within
the splenium of corpus callosum (SCC),
within the SCC and subcortical frontopari-
etal, or involving the entire corpus callosum
and subcortical frontoparietal white matter
were reviewed from both radiology and pe-
diatric neurology databases. Eight children
with the diagnosis of MERS (5 boys and 3
girls; median age, 5.9 years; age range, 8
months to 14.1 years) were included in the
study. We reviewed the patients’ data retro-

* Mild encephalitis/fencephalopathy with a
reversible splenial lesion (MERS) is an acute
encephalopathy state with characteristic diag-
nostic MRI findings.

* Presenting neurologic symptoms of MERS
generally include disturbance of conscious-
ness, delirious behavior, seizures, drowsiness,
headache, monoparesis, abnormal speech, vi-
sual hallucinations, and ataxia. Transient blind-
ness may also be seen.

* On MRI, MERS is almost always associated with
a transient splenial lesion that is slightly hyper-
intense on T2-weighted images, isointense to
slightly hypointense on T1-weighted imag-
es. Lesions show reduced diffusion without
contrast enhancement. They may be limited
to splenium (type I, ovoid or band shaped) or
extend into callosal radiations, frontoparietal
subcortical white matter, to the rest of the cor-
pus callosum, and even cerebellum (type 2).

* Clinical and radiologic outcome is generally
favorable but patients, especially those with
type Il lesions on MRI, may develop neuro-
logic sequelae and lesions may persist on MRI
for months even if their size diminishes inde-
pendently of neurologic sequelae.

Table. MRI findings of patients presenting with MERS

Time to first MRI Time to follow-up
after the onset Lesion type MRI after the onset Follow-up
Patient  of symptoms (location, shape) of the symptoms MRI findings
1 1 day 1 (SCC, ovoid) 37 days CR
2 2 days Il (SCCand 42 days CR
posterior
periventricular
white matter)
3 1 day | (SCC, ovoid) 10 days CR
4 1 day I (SCC, ovoid) 117 days CR
5 1 day 1 (SCC, ovoid) 21 days CR
6 1 day | (SCC, band) None CR
7 1 day | (SCC, ovoid) 21 days CR
8 1 day I (SCC, ovoid) 30 days CR

MERS, mild encephalopathy and reversible splenial lesion; MRI, magnetic resonance imaging; SCC, splenium of

corpus callosum; CR, complete recovery.

spectively including demographic charac-
teristics, prodromal and initial neurologic
symptoms, neurologic examination, MRI
and electroencephalography (EEG) find-
ings, laboratory findings, treatment, and
prognosis.

All MRl examinations included T2-weight-
ed imaging, fluid attenuated inversion
recovery (FLAIR), T1-weighted imaging,
contrast-enhanced T1-weighted imaging,
diffusion-weighted imaging (DWI), and ap-
parent diffusion coefficient (ADC) maps and
were reviewed by a senior pediatric radiol-
ogist. MRl examinations were performed on
Optima MR450w 1.5 Tesla GE MRI scanner.
Six children who needed sedation were se-
dated with chloral hydrate. Dotarem® (gad-
oterate meglumine, Guerbet) was used as
a gadolinium-based contrast agent in all
children. Follow-up MRI examinations were
performed in 7 patients after 10 to 110 days.
EEG follow-up was performed on the third
day of symptoms if there was an initial ab-
normality.

Results

All patients were previously healthy. Non-
specific prodromal symptoms were present
in 7, including nausea and vomiting (n=6),
diarrhea (n=6), and fever (n=3). Acute en-
cephalopathy was present in all patients.
Initial neurologic symptoms were seizures
(n=4), delirious behavior (n=1), drowsiness
(n=1), ataxia (n=1), transient blindness
(n=2), abnormal speech (n=2), and head-

ache (n=1). Initial neurologic examination
findings were normal in 6 patients; one pa-
tient was confused and had myoclonic jerks
on left arm with nuchal rigidity and another
had nuchal rigidity.

Serum inflammatory markers, white blood
cell (WBC) counts and C-reactive protein
(CRP) levels were elevated in 6 patients (WBC
>10°%/L, CRP >0.5 mg/dL). Both WBC and CRP
levels were raised in Patient 5 who had a uri-
nary tract infection caused by E. coli. Seven
patients had hyponatremia (< 135 mmol/L).

Two patients had a suspected infective
agent: one had positive urine culture for
E. coli and one was positive for rotavirus,
using rapid antigen-detection assay in the
stool. Cerebrospinal fluid (CSF) examina-
tions (available in 6 patients) revealed nor-
mal cell counts, protein and glucose levels
except in 2 patients where glucose was
slightly elevated. There was no growth in
CSF bacterial cultures.

MRI was performed within 1-2 days of
the onset of neurologic symptoms. Sym-
metrical ovoid (n=6) (Fig. 1) and band-
shaped (n=1) (Fig. 2) lesions at the sple-
nium of the corpus callosum (type I) were
seen in 7 patients. One patient (Patient 2)
had symmetrical periatrial lesions in addi-
tion to a splenial lesion (type Il) (Fig. 3). The
margins of the lesions were sharply out-
lined. On T2-weighted imaging, the lesions
were homogeneously hyperintense and
displayed restricted diffusion. The lesions
were isointense to mildly hypointense on
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T1-weighted imaging and did not show inations. There was complete resolution of
enhancement. Follow-up scans were per- the lesions in 7 patients who had follow-up
formed 10-110 days after the initial exam-  MRI examinations (Figs. 1d, 3d) (Table). One

Figure 1. a-d. A 7-year-old male presented with delirium and speech abnormality after vomiting and
diarrhea. His first brain MRI showed central ovoid lesion at splenium of corpus callosum (arrows) (type
). Lesion was slightly hyperintense on T2-weighted image (a), hyperintense on diffusion-weighted
image (b) and hypointense on ADC map related to diffusion restriction (c). Follow-up MRI showed
complete resolution of the lesion on diffusion-weighted image (d).

initial EEG (obtained on day 1) was abnor-
mal, showing global diffuse slow waves,
which normalized on follow-up EEG ob-
tained on day 3.

Two patients whose initial symptoms
were transient blindness did not receive
any treatment. Two patients were treated
with anti-epileptic drugs. Three patients
received antibiotic (ceftriaxone) and anti-
viral treatment (acyclovir) for 2 days until
negative CSF culture and PCR results were
shown. One patient who had a positive
urine culture for E. coli, continued the treat-
ment with ceftriaxone for 10 days. One
patient who had sinusitis was treated with
ampicillin/sulbactam for 10 days.

In all patients, neurologic symptoms re-
solved completely within 1-2 days from the
onset of symptoms.

Discussion

MERS is an acute encephalopathy state
with characteristic diagnostic MRI find-
ings. Although a great majority of the cases
were reported from East Asia, it can be seen
worldwide. The data from our country is
limited to a few case reports. In this report,
we describe the largest case series of MERS
reported from Turkey (10, 14).

Prodromal symptoms of children suffering
from MERS most reported in the English lit-
erature are fever, vomiting, diarrhea, cough,
abdominal pain, and headache (2, 4, 5, 7-12,
14-18). In a study of 29 patients with MERS,
nonspecific prodromal symptoms includ-
ed fever (n=22), vomiting (n=14), diarrhea
(n=9), abdominal pain (n=3), and cough
(n=4) (3). The prodromal symptoms of our
patients were generally similar to those re-

Figure 2. a-c. A three and a half years old male presented with seizure after vomiting and diarrhea. His first brain MRI showed band-shaped lesion at
splenium of corpus callosum (arrows) (type I). Lesion was slightly hyperintense on T2-weighted image (a), hyperintense on diffusion-weighted image (b)
and hypointense on ADC map related to diffusion restriction (c). Follow-up MRI was not performed.
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Figure 3. a-d. A 6-year-old male presented with speech abnormality and seizure. His first brain MRI
showed symmetric posterior periventricular lesions in addition to splenial lesion (arrows) (type Il).
Lesion was slightly hyperintense on T2-weighted image (a), hyperintense on diffusion-weighted
image (b) and hypointense on ADC map related to diffusion restriction (c). Follow-up MRI showed
complete resolution of the lesion on diffusion-weighted image (d).

ported in the literature, but nausea and vom-
iting with diarrhea were more prominent (6
of 8 patients), while fever was less frequent
(3 of 8 patients).

Presenting neurologic symptoms of
MERS generally include disturbance of
consciousness, delirious behavior, seizures,
drowsiness, headache, monoparesis, abnor-
mal speech, visual hallucinations, and atax-
ia (2, 4, 5, 7-12, 14-18). Seizures were the
most common presenting symptoms in our
patients. Transient blindness was seen in 2
of 8 patients and lasted for minutes. In the
literature transient blindness was reported
as an initial symptom of MERS in a few chil-
dren (3). Although the number of patients
in our study was low, the rate of patients
with transient blindness was higher than
the number given in the literature (3).

The corpus callosum is the biggest fiber
bundle, with projections into prefrontal,
premotor, primary motor, and primary sen-

sory areas. The disturbance in the collasal
connections can cause disorder of motor
control, spatial orientation, vision, hearing,
and language-related behaviors (19). These
may explain the neurologic symptoms of
MERS, including blindness.

Lack of pleocytosis in the CSF supports
the hypothesis that MERS is an infec-
tion-associated encephalopathy syndrome
rather than an encephalitis. Pleocytosis in
MERS has been reported inconsistently (2,
11). Ueda et al. (2) and Takanashi et al. (11)
found pleocytosis in 33% (3/9) and 100%
(5/5) of their patients respectively. On the
other hand, lower pleocytosis ratios similar
to our results (i.e., 14.3%, 10%, and 7.7%)
were reported by Ka et al. (15), Fang et al.
(3) and Chen et al. (7), respectively.

Many MERS patients, without any at-
tributed causative agent in CSF cultures,
have been reported to have infection at
other foci. In this regard, further possible

explanation for transient cerebral edema is
myelin-specific neurotoxin release causing
inflammatory infiltrate by a pathogen. Both
viral and bacterial non-CNS infections have
been reported in MERS patients. MERS-re-
lated viruses include rotavirus, adenovirus,
influenza A and B, Epstein-Barr virus, Den-
gue virus, mumps virus, herpes simplex
virus, parainfluenza, parvovirus B-19 and
cytomegalovirus; additionally, bacterial
infections with Mycoplasma pneumoniae,
Streptococcus pneumoniae, salmonella, and
Campylobacter jejuni have also been report-
ed in some MERS cases. (4, 7-11, 12, 15,
17, 18). On the contrary, only two patients
were shown to have infectious agents in
our study (Patient 5: E. coli and Patient 8:
rotavirus). Although we could not show the
infectious agent, Patient 2 had sinusitis that
was diagnosed based on symptoms and
MRI findings showing air-fluid levels.
Hyponatremia is another possible eti-
ologic factor in MERS. The rate of hypona-
tremic patients in our study (87.5%) was
similar to the rate reported by Takanashi et
al. (6), where 25 of 30 patients with MERS
had Na <136 mmol/L. It is postulated
that hypotonic hyponatremia may cause
intramyelinic edema causing transient re-
duced diffusion seen on MRI (6). Diarrhea
and vomiting may cause imbalances in Na
levels, but in another case presented by
Sato et al. (20), the effect of dehydration
is also emphasized. They reported single
photon emission computed tomography
(SPECT) findings of a patient with MERS and
demonstrated hypoperfusion of the bilat-
eral cingulate gyri, thalamus, basal ganglia,
brainstem, and cortex of the frontal lobes.
According to this finding they defended the
opinion that cerebral hypoperfusion leads
to neurologic symptoms and MRI findings.
MRI findings we report are similar to
those reported previously. The lesions
typically demonstrate hyperintensity on
T2-weighted imaging, isointensity to slight
hypointensity on T1-weighted imaging, and
show reduced diffusion (hyperintensity on
DWI and low ADC values) without contrast
enhancement. Seven of our patients had
type | lesions, where only the splenium of
the corpus callosum was symmetrically in-
volved. Type Il lesions may extend to the
remainder of the corpus callosum, periven-
tricular white matter, centrum semiovale,
and involve even the cerebellum (2,4, 5, 11,
15). As observed in our patients, the lesions
generally resolve completely on follow-up
imaging (2, 3, 11). However, type Il lesions
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may persist for months even if their size di-
minishes (2, 15, 16).

The most common EEG abnormality is
global diffuse slow waves, as seen in one
patientin our series (5,8, 11,12, 16). Fang et
al. (3) and Kashiwagi et al. (18) reported EEG
abnormalities in 43%-48% of MERS cases.

All of our patients recovered completely
without any clinical sequelae at discharge.
Clinical improvement was seen within 1-2
days. Radiologic improvement was shown
at 10 days to 4 months. However, the timing
of full normalization on MRI is not known
since frequent follow-up imaging was not
performed. In the literature, patients with
MERS are generally reported to recover
completely both clinically and on imaging
(8-11,3,12,16, 17). However, some patients
with type Il lesions can develop neurologic
sequelae. Ueda et al. (2) reported one pa-
tient with type Il lesions who developed
neurologic sequelae, which resolved 2
months after onset. The patient had slight
disability of fine motor incoordination of
the left hand. Ka et al. (15) reported two
patients with type Il lesions who developed
neurologic sequelae. The patients’ residual
ataxia improved in 1 to 4 weeks after dis-
charge.

Although transient splenic lesions trig-
gered by infectious agents are often de-
scribed as MERS, the distinction between
MERS and other transient splenial lesions
is unclear (5, 6). Transient splenial lesions,
except for infectious and metabolic causes,
have also been reported in various condi-
tions including epilepsy, antiepileptic drug
therapy or withdrawal, malnutrition, vita-
min B12 deficiency, high altitude edema,
alcohol poisoning, eclampsia, carbon mon-
oxide poisoning, and migraine (13, 21-23).

Acute disseminated encephalomyeli-
tis (ADEM) should be considered in the
differential diagnosis of any patient with
acute encephalopathy. Although clinical
presentations of MERS and ADEM are sim-
ilar, MERS can be differentiated from ADEM
on the basis of MRI findings. ADEM causes
asymmetrical white matter lesions that do
not demonstrate diffusion restriction and
persist for months on MRI beyond clinical
resolution of the disease (15).

The main limitations of our study are its
retrospective nature and the small sample
size. Five patients had vomiting and diar-
rhea but we could not demonstrate a pos-
sible pathogen. However, compared with
the results of reported cases and case series
in the literature, our study revealed similar
results.

In conclusion, MERS is an acute enceph-
alopathy state with a favorable outcome.
Children may present with a wide spec-
trum of neurologic symptoms including
temporary blindness. Radiologists should
be aware of its characteristic MRI findings
which normalize in days to months.
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