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Abstract

Background: Mild encephalitis/encephalopathy with reversible splenial lesion (MERS) is a rare clinico-radiological
entity characterized by the magnetic resonance imaging (MRI) finding of a reversible lesion in the corpus callosum,
sometimes involved the symmetrical white matters. Many cases of child-onset MERS with various causes have been
reported. However, adult-onset MERS is relatively rare. The clinical characteristics and pathophysiologiccal mechanisms
of adult-onset MERS are not well understood. We reviewed the literature on adult-onset MERS in order to describe the
characteristics of MERS in adults and to provide experiences for clinician.

Methods: We reported a case of adult-onset MERS with acute urinary retension and performed literature search from
PubMed and web of science databases to identify other adult-onset MERS reports from Januarary 2004 to March 2016.
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guideline was followed on selection
process. And then we summarized the clinico-radiological features of adult-onset MERS.

Results: Twenty-nine adult-onset MERS cases were reviewed from available literature including the case we have. 86.
2% of the cases (25/29) were reported in Asia, especially in Japan. Ages varied between 18 and 59 years old with a 12:
17 female-to-male ratio. The major cause was infection by virus or bacteria. Fever and headache were the most
common clinical manifestation, and acute urinary retention was observed in 6 patients. All patients recovered
completely within a month.

Conclusion: Adult-onset MERS is an entity with a broad clinico-radiological spectrum because of the various diseases
and conditions. There are similar characteristics between MERS in adults and children, also some differences.

Keywords: Mild encephalitis/encephalopathy with reversible splenial lesion, Adult-onset MERS, Encephalitis,
Encephalopathy, Corpus callosum, Reversible plenial lesion

Background
Tada et al. first identified the concept of mild encephalitis/
encephalopathy with reversible splenial lesion (MERS) as
a rare clinico-radiological syndrome in 2004 [1, 2]. In
general, patients with MERS presented with mild central
nervous system symptoms such as consciousness disturb-
ance, seizures and headache and recovered completely
within a month [1, 3]. MERS is divided into two types ac-
cording to the lesion location. MERS type I, the typical
form, most involves a singular lesion in the midline of the

splenium of the corpus callosum (SCC), while MERS type
II most commonly presents lesions in the symmetrical
cerebral white matter or the anterior aspect of the corpus
callosum with similar signal manifestations [4, 5]. The
typical magnetic resonance imaging (MRI) features are
transient high-signal-intensity on T2-weighted images
(T2WI), fluid-attenuated inversion recovery images
(FLAIR), and diffusion-weighted images (DWI), decreased
apparent diffusion coefficient (ADC) value of the lesion
on ADC maps, and hyper-isointense signals on T1-
weighted imaging (T1WI) sequences without contrast en-
hancement [1, 4, 6]. Previous studies have identified that
MERS can be triggered by infection including influenza
virus [7], rotavirus [8], mumps virus [9], Mycoplasma
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pneumoniae [10] or Legionella pneumophila [11]. In
addition to infection, MERS has also been reported to be
associated with the administration of antiepileptic drugs
[12–14].
Many child-onset MERS cases have been reported,

most in Asia, especially Japan [1, 15]. However, adult-
onset MERS is relatively rare. Here we reported a case
of adult-onset MERS with acute urinary retention. It has
been speculated that the characteristics of MERS in
adults are different from that in children. So we utilized
this opportunity to review the literature on adult-onset
MERS in order to describe the clinico-radiological fea-
tures and establish a clinical position of the disease.

Methods
Case presentation
A previously healthy 37-year-old man was admitted to
our hospital due to a 9-day history of headache and
vomiting. Ten days prior to admission, he suddenly de-
veloped a fever of 40 °C, diarrhea and headache. After
taking oral antipyretics, he still had a fever of 38–39 °C.
Three days before admission, his body temperature
returned to normal. Two days before admission, he suf-
fered acute urinary retention and was treated by tem-
porary transurethral catheterization at another hospital.
One day before admission, he came to our hospital for
acute urinary retention and the catheter was kept.
Neurological examination revealed nuchal rigidity
positive. Chemistry panel and urine analysis showed no
abnormalities except for an elevated blood white cell
counts (10.99 × 109/L), C-reactive protein level (9.41 mg/L)
and decreased serum sodium (131.8mml/L). Routine im-
munological screening and tumor markers were negative.
Lumbar puncture showed an elevated cerebrospinal
fluid (CSF) pressure of 190mmH2O. CSF examination
demonstrated an increase in white blood cells (97/ul)
and protein content (124 mg/dl). The CSF etiological
examination was negative. Oligoclonal bands, IgG
index and myelin basic protein were within the normal
ranges in CSF. Paraneoplastic antibodies were negative.
Cranial MRI scans taken on the day after admission
showed abnormal signals in SCC, which was hyperin-
tense on T2WI and DWI imaging, decreased on ADC,
isointense on T1WI with no contrast enhancement
(Fig. 1). The plain and enhancement spinal cord MRI
showed no obvious abnormalities. He received intra-
cranial pressure reduction, antiviral, anti-inflammatory
and experimental anti-tuberculosis. His urinary reten-
tion and fever resolved within 10 days. The follow-up
MRI scan taken 14 days after the initial examination
showed previous lesion disappeared (Fig. 2). He was
discharged home without neurological complications.
The final diagnosis was MERS with acute urinary
retention.

Literature search and selection
To better understand the characteristics of adult-onset
MERS, we performed a literature search to identify other
reports (reviews, case reports or case series) from
Januarary 2004 to March 2016, using the PubMed and
web of science databases with the following terms, ‘mild
encephalitis/encephalopathy with reversible splenial le-
sion’/‘MERS’/‘reversible splenial lesion’. All pertinent
English language articles were retrieved. A hand-search
by reviewing the reference sections of the retrieved
articles was also performed. The non-English language
articles, child-onset MERS reports and not getting full-
text articles were excluded. We followed the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guideline on selection process.

Data extraction
Two investigators collected data from the selected arti-
cles. The following information were extracted: last
name of the first author, country where the study was

Fig. 1 Initial cranial MRI of the patient. The lesion in the midline
of SCC was hyperintensity on DWI (a) and T2WI (c), decreased
ADC value (b), isointense signals on T1WI (d), and no contrast
enhancement (e)
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performed, the reported patient’s age, gender, CNS
symptoms, neurological examination, etiology, auxiliary
examination, therapy and outcome.

Results of literature review
A total of 435 articles between Januarary 2004 and
March 2016 were identified by preliminary electronic
literature search and hand search. The selection process
was presented in Fig. 3. The characteristics of the in-
cluded cases were presented in Table 1 and Table 2.
Of the 29 adult-onset MERS patients, 11 were from

Japan, 8 from China, 3 from Turkey, 2 from Germany, 2
from Korea, 1 from France, 1 from India and 1 from
America. From a geographical point of view, 86.2% of the
countries were in Asia (25/29), especially in Japan (11/29).
The age of onset varied between 18 and 59 years old,

with an average of 31. Twelve patients were females
(41.38%) with a 12:17 female-to-male ratio. Fifteen pa-
tients had identified causes, including 5 virus infections,
3 pneumoniae, and 1 mycoplasma infection. One patient
developed MERS due to Amanita phalloides toxication,
one because of tick-bites. One patient had emotional
and behavioral changes presenting with auditory halluci-
nations within 10 days after C-section.
Fever had preceded or simultaneously presented with

neurologic symptoms in 24 patients. Twelve patients
complained of headache while having MERS, and dis-
turbance of consciousness was observed in 15 cases.
Seizure occurred in 4 cases, and acute urinary reten-
tion in 6 patients. 75.9% of the patients (22/29) had an
isolated lesion in the splenium of the corpus callosum.

Six patients had lesions in both splenium and extracal-
losal. One patient had lesions in the entire corpus cal-
losum. Lumbar punctures were performed in 23
patients, 15 of which had elevated CSF WBCs. Sixteen
patients had their serum sodium reported, 6 of which had
decreased levels. EEG was performed in 23 patients, 14 of
which were abnormal.
The patients were treated with antiviral therapy, antibi-

otics, corticosteroids, IVIG, intravenous osmotic diuretic
and isotonic fluid. Thirteen patients received corticoste-
roids therapy, 5 of which received a methylprednisolone
pulse therapy. No case resulted in neurological sequelae.

Discussion
We reported a previously healthy 37-year-old man who
suffered MERS associated with acute urinary retention.
A lesion in the SCC resulting in acute urinary retention
has rarely been reported. We considered acute dissemi-
nated encephalomyelitis (ADEM) being the main differen-
tial diagnosis. In comparison with the lesions in MERS
which show no contrast enhancement and usually dis-
appear quickly [1], the corpus callosum lesions in ADEM
are usually asymmetrical, contrast-enhancing, extend to
the white matter and spinal cord [16], and resolve over
weeks to months. Our patient’s cranial MRI showed an
isolated abnormal signal in the SCC with no contrast
enhancement. His spinal cord MRI showed no obvious ab-
normalities. The follow-up MRI scan revealed normalized
findings within two weeks. So the patient was diagnosed
as MERS instead of ADEM.
At first, a reversible isolated SCC lesion on MRI was

diagnosed as MERS [1]. Recent studies suggested addi-
tional similar lesions in the cerebral white matter and
anterior aspects of the corpus callosum in some enceph-
alitis/encephalopathy patients should also been regarded
as MERS (type 2 MERS) [4, 5]. Since the radiologic
range of MERS had been expanded, patient no.7, 8, 10,
12, 15, 21 and 29 were included in the literature review.
Similar to child-onset MERS, most adult-onset MERS

patients were also reported in Asia, including Japan,
China and India. Interestingly, the majority cases were
reported in recent five years. The phenomenon may be
related to ethnics and social factors, as well as lack of
diagnostic awareness and criteria before 2011. The com-
mon neurological manifestations of MERS in adult were
headache and disturbance of consciousness. However,
disturbance of consciousness and seizures were the most
common neurological symptoms in children [15]. We
suspect that it is related to children’s immature central
nervous system and blood brain barrier.
The pathogenesis of MERS is still unknown. There are

several hypotheses, including intramyelinic edema, axonal
damage, hyponatemia, and oxidative stress [1, 17, 18].
High signal intensity on DWI and decreased ADC values

Fig. 2 Follow up cranial MRI. The follow up cranial MRI showed no
lesion on any sequence (a: DWI, b: ADC, c: T2WI)
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of white matter have been observed in MERS. The pos-
sible explanation for this is intrmyelinic edema resulting
from separation of myelin layers [19, 20] and local infiltra-
tion of inflammatory cells [1, 3]. In this review, we found
that more than half (15/23) cases had elevated white cells
in the CSF. A previous small sample study reported that
patients with MERS has an elevated IL-6 and IL-10 levels
in CSF, however, the sample is not enough for any conclu-
sions to be drawn [17]. ADC may return to normal within
a week if the intramyelinic edema or inflammatory infil-
trate resolves quickly. Takanashi et al. [21] reported that
most patients with MERS had mild hyponatremia with a
mean serum sodium level (131.0 ± 4.1 mmol/L) lower
than that of the healthy group. Our review revealed that
6/16 MERS patients had hyponatremia upon admission.
All these indicate that hyponatremia might be a possible
cause of MERS. Taken all together, MERS is a rare syn-
drome with unclear pathogenesis. None of the existing hy-
potheses explains why MERS specially involves the site
splenium.

In any patients presenting with symptoms of enceph-
alitis/encephalopathy who are found to have lesions in
the white matter, ADEM should be included in the dif-
ferentials [1, 4, 22, 23]. ADEM is a post-infectious in-
flammatory disorder which can present with seizures,
focal neurological signs or altered mental status days to
weeks after the presumed infections [24]. MRI with
contrast shows various enhancements of the lesions in
ADEM depending on the stages of the acuity [24].
Other differential diagnoses include posterior reversible
encephalopathy syndrome (usually hypertension-related
and has subcortical white matter lesion), multiple sclerosis
(characteristic relapsing-remitting course), Marchiafava-
Bignami disease (often seen in alcoholism), ischemia
(usually irreversible and has vascular territory distribu-
tions), diffuse axonal injury (head trauma-related), lymph-
oma (positive contrast enhancement), and extrapontine
myelinolysis (happens with electrolyte abnormality) [25].
Even though the evidence of methylprednisolone pulse

therapy and IVIG’s efficacy on MERS is still lacking, they
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are recommended for patients with infectious encephal-
opathy regardless of the pathogen or clinicl-radiological
syndromes [26]. In this review, only five MERS patients
were treated with methylprednisolone pulse therapy and
two with IVIG treatment. However, all patients without
methylprednisolone pulse therapy or IVIG recovered
clinically completely, which suggests that those treat-
ments may not be necessary.

Conclusion
In conclusion, we reported a case of an adult-onset
MERS with acute urinary retention. Taken together with
the previously reported cases, we suggest that MERS in
adults is an entity with a broad clinico-radiological
spectrum and the prognosis is good. From a geograph-
ical point of view, most adult-onset MERS patients were
also reported in Asia. The common neurological mani-
festations were headache and disturbance of conscious-
ness. There are similar characteristics between MERS in
adults and children, also some differences.
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