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Abstract

Background Mild encephalitis/encephalopathy with reversible splenial lesion (MERS) is a clinical-radiological syndrome
characterized by transient central nervous system symptoms and a reversible lesion in the splenium of the corpus callosum
(SCC) on magnetic resonance (MR). We reported a case of adult-onset MERS with uncommon presentation and reviewed
the existing literature.

Methods We described a case of adult-onset MERS with uncommon symptoms and signs and performed a systematic review
of case series including more than four patients of adult-onset (> 14 years old) MERS, from January 2000 to December 2022.
We summarized the clinical, laboratory, imaging and therapy data.

Results We included seven eligible studies for a total of 51 adult-onset MERS patients. Neurological manifestations were
preceded by prodromal symptoms in most of the patients (88%), mainly with fever (78%). Headache was the most common
symptom (50%), followed by seizures (22%) and disturbance of consciousness (22%). Inflammatory changes on cerebrospinal
fluid were present in a half of patient, so defining encephalitis cases. Clinal recovery, was achieved in all patients but two
with severe disturbance of consciousness who required ventilator support in the acute phase. MR showed isolated lesion in
the SCC in 92% of patients, while 8% of patients showed also extracallosal lesions, all the lesions resolved or improved on
follow-up imaging.

Conclusions MERS is a form of encephalitis/encephalopathy with a broad range of central nervous system manifestation,
often with mild symptoms, such as headache alone, that can lead to overlooked some cases, with an excellent prognosis in
most patient.

Keywords Mild encephalitis/encephalopathy with reversible splenial lesion - Adult-onset MERS - Corpus callosum -
Encephalitis - Encephalopathy - Magnetic resonance imaging
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Introduction

Mild encephalitis/encephalopathy with reversible sple-
nial lesion (MERS) is a clinical-radiological syndrome
with neurological signs and symptoms of Central Nerv-
ous System (CNS) and evidence of a transient lesion in
the central portion of the splenium of corpus callosum
(SCC) on Magnetic Resonance (MR) [1]. Clinical picture
is heterogeneous and consists in encephalopathy/encepha-
litis manifestations such as seizures, disturbance of con-
sciousness and delirium [2, 3], and milder symptoms such
headache. A prodromal phase with fever, flu-like symp-
toms or gastro-intestinal disturbance often precedes the
neurological manifestations [2, 4]. MR shows high signal
intensity on fluid-attenuated-inversion recovery (FLAIR)
and T2 weighted images on the SCC, reduced diffusion
(hyperintensity on diffusion-weighted sequences -DWI-
and low apparent diffusion coefficient -ADC- value),
without enhancement after gadolinium infusion[1, 5, 6].
The clinical and imaging picture usually resolve within
two-four weeks [1, 3]. MERS has been classified into two
subtypes, based on the imaging features: MERS type 1
(isolated oval lesion in the center of the splenium) and
MERS type 2 (the lesion in the splenium extends into the
anterior part of the corpus callosum or into the cerebral
white matter) [6—8], and has been associated with a num-
ber of systemic and brain pathological conditions, such
as infections and antiepileptic drugs [9—19]. The majority
of published studies reported on a pediatric population
[4, 20, 21], whereas fewer studies investigated the clini-
cal features of adult-onset MERS. During the Sars-Cov-2
pandemic many reports of Covid-related MERS in adults
have been published[22, 23], but studies on MERS not
related to Sars-Cov-2 remain scarce.

We report a case of adult-onset MERS not related to
Sars-Cov-2 infection and conducted a systematic review
of literature to summarize the current evidence about clini-
cal manifestations, radiological findings, prognosis and
therapy in adult patients.

Case report

A 21-years-old Chinese man presented at the Emergency
Department complaining four days of fever, headache and
myalgias. Laboratory examination revealed normal white
blood cell count, C-reactive protein and urinalysis, with
mild hyponatremia (131 mEq/1). Molecular oropharyngeal
test for Sars-Cov-2 was negative. The physical and neu-
rological examination were otherwise unremarkable. CT
brain was negative and the patient was discharged at home.
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Four days later the patient presented again at the Emer-
gency Department for fatigue, anorexia, headache, and
lower abdominal pain, without fever. At the neurologi-
cal examination he was alert, oriented, consciousness but
restless, with involuntary movement at four limbs con-
sistent with myoclonic movement, with postural and tac-
tile stimulus activation and exaggerated startle response.
Physical examination revealed hypogastric abdominal pain
with sign of urinary retention at bladder ultrasound, in
absence of urge to void and transurethral catheterization
revealed residual urine. Blood exams reveled persistent
mild hyponatremia (133 mEq/1), systemic inflammation
markers were negative. The brain CT was unremark-
able. The cerebrospinal fluid (CSF) examination showed
increased protein content (1 g/dl) without cells, microbio-
logical workup was negative. After few hours the patient
had a clinical worsening developing visual hallucination,
decrease of consciousness and meningeal irritation sign.
A brain MR showed an isolated ovoidal lesion in the SCC,
hyperintense on DWI, FLAIR, and T2-weighted images,
hypointense on ADC sequences, without gadolinium
enhancement (Fig. 1 A,B,C); no extracallosal lesions were
detected. The patient was diagnosed as having a MERS,
and administrated with bolus of methylprednisolone
(1 g/d) for five days followed by tapering and intravenous
acyclovir. The neurological symptoms gradually improved
during the next days. EEG revealed mild slowing of basic
activity with sporadic frontal slow waves, consistent with
a diffuse encephalopathy. Serological tests for neurotropic
viruses and bacteria were also negative. Autoimmunity
tests as well as anti-sulfatide, anti-ganglioside, anti-myelin
oligodendrocyte glycoprotein, anti-aquaporin-4 antibod-
ies, anti-surface receptor and onconeural antibodies were
negative. Another CSF sample was obtained with evidence
of pleocytosis (64 cells/microL) without increased protein
concentration, oligoclonal bands were observed. A follow-
up MR was performed two weeks later showing a partial
regression of SCC lesion with regression of restricted dif-
fusion e mild hyperintensity on T2 images, without gado-
linium enhancement. The SCC lesion was not present at
a further MR performed a month and a half later (Fig. 1
D,E,F).

Methods

The systematic review was performed according to the
Cochrane Handbook for Systematic Review of Interven-
tions (https://training.cochrane.org/handbook) and results
were presented following the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
recommendations [24]. Data search, extraction, analysis,
and interpretation were performed following a prespecified
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Fig.1 SCC lesion at onset of neurological symptoms, with hyperintensity on DWI (A), hypointensity in ADC (B) and hyperintensity on FLAIR

(C) sequences and regression of the lesion at follow-up (D, E, F)

study protocol developed by the investigators (not regis-
tered or published).

Potentially eligible studies were identified through
PubMed database, using the following search strategy:
'""Mild Encephalitis/encephalopathy with reversible sple-
nial lesion" OR "cytotoxic lesions of the corpus callosum"
OR "transient focal lesions in the splenium of the corpus
callosum" OR "reversible splenial lesion syndrome" OR
((transient OR reversible) AND (splenium OR splenial)
AND corpus callosum AND lesion), from January 2000
to December 2022.

We applied the following inclusion criteria: (1) English-
written articles; (2) adult-onset of MERS (> 14 years) (3)
case series with more than three patients; (4) final diagnosis
of MERS type 1 and/or 2. We excluded: (1) case reports;
(2) patients without symptoms/signs of CNS involvement;
(3) unavailable follow-up MR; (4) pediatric cases; (5) Sars-
Cov-2 associated MERS.

We extracted the following information: author, study
country, age, gender, prodromal symptoms (fever, flu-like or
gastrointestinal symptoms), CNS symptoms, etiology, aux-
iliary examination (blood chemistry with systemic inflam-
mation markers and hyponatremia, EEG, CSF analysis, MR
data), therapy and clinical and radiological outcome.

We reviewed each case and defined MERS as follows:

1- Encephalitis/encephalopathy defined as acute onset of
CNS signs/symptoms AND
2- Reversible SCC lesion on MR

We used the terms encephalitis/encephalopathy in pres-
ence/absence of inflammatory changes (increased level of
proteins and/or pleocytosis) on cerebrospinal fluid (CSF)
examination, respectively.

We summarized raw numbers with sum, percentage,
mean. All studies were case series, indicating low level of
evidence and high risk of bias, thus we did not perform risk
of bias assessment nor formal statistical testing.

Results

The initial search retrieved 450 results. We excluded 215
articles, 196 based on title and 19 not written in English. We
then screened 235 records and excluded other 225 articles
(14 case series in only children and 211 single case reports).
Thus, we examined 10 full-text articles and excluded one
study for missing relevant data, and two studies for unclear
clinical assessment (absence of encephalitis/encephalopa-
thy signs/symptoms). The study selection process is illus-
trated in Fig. 2. We included in the systematic review seven
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Fig.2 Preferred reporting items for meta-analyses (PRISMA) flowchart of study selection

articles [1, 25-30], for a total of 67 patient, three studies
excluded MERS type 2 [1, 26, 27]. Included studies were
published from 2004 to 2019. We therefore reviewed single
patient-level data where available and excluded 16 patients
for the following reasons: 12 for age < 14 years, two for
absence of sign/symptoms of CNS involvement (syncope,
glossopharyngeal neuralgia), one for incidental SCC lesion
without neurological symptoms, one lost to follow-up. We
finally screened 51 adult-onset MERS patients. Of the seven
case-series, five were from China, one from Japan and one
from France, respectively 43 (84%) patients from Asia and
8 (16%) from Europe.

The clinical and laboratory data are showed in Table 1,
and Table 2. The mean age of onset was 28.9+5.1 (range
14-60) years, 28 (55%) patients were male. Most of the
patients (88%) experienced prodromal symptoms, mainly

@ Springer

fever (78%) and/or flu-like symptoms (42%). Headache was
the most frequent symptom of presentation and was present
in 25 (50%) patients, in 10 (20%) was the only neurological
symptom. Seizure and disturbance of consciousness were
present in 11 (22%) patients, delirium was observed in 8
(16%) patients. Neurological signs were present in 7 (14%)
patients as meningeal irritation, acute urinary retention was
reported in two (4%) patients. Complete clinical recovery
was observed in 96% of the whole population, mostly within
two weeks. Two patients had unfavorable prognosis at four
weeks (vegetative state and come).

A total of 47 (92%) patients performed a lumbar puncture,
inflammatory changes were present in 56%, mainly with ple-
ocytosis (23/47, 49%), nine (21%) patients had increased
proteins, five (10%) with both. EEG was performed in 36
(71%) patients, of whom 19 (53%) had slow basic activity.
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Table 2 Laboratory data of patients of included studies

Author EEG abnormali- CSF CSF cell CSF protein CRP serum WBC increased Hyponatremia
ties increased increased increased

TadaHetal [1] 4/4 4/5 4/4 NA NA NA NA
PanJJetal [25] 3/4 4/4 4/4 0/4 0/4 1/4 3/4

Zhu Y etal [26]  3/8 13/14 4/13 0/13 NA NA NA

Zhang Z et al [27] 3/4 6/6 5/6 2/6 3/4 1/6 4/6

Grosset L et al 2/7 7/8 217 3/7 5/8 NA 0/8

(28]

Gao X.etal [29] 4/9 8/9 3/8 2/8 NA NA 3/9
XuW.etal [30] NA 5/5 1/5 2/5 NA NA NA

Total 19/36 (53%) 47/51 (92%) 23147 (49%) 9/43 (21%) 8/16 (50%) 2/10 (20%) 10/27 (37%)

*CSF cerebrospinal fluid, CRP C-reactive protein, WBC: white blood cells

Serum sodium level was available in 27 (53%) patients, ten
(37%) had hyponatremia.

In 33 (73%) the etiology was unknown, 12 (27%) patients
were reported as having a defined previous infection.

Imaging data of the included patients are shown
in Table 3. All the patients received baseline and follow-up
brain MR. An isolated lesion in the center of the SCC was
detected in 92% (47/51), while four patients showed also
extracallosal lesions, suggesting diagnosis of MERS-1 and
MERS-2, respectively. Involvement of the anterior part of
the CC was not detected. In 29 (57%) patients lesion shape
was available and was mainly ovoidal (83%), in five (17%)
patients the lesion extended irregularly into the lateral por-
tion of SCC. MR lesions showed hyperintense signal on
T2 sequences, and restricted diffusion on DWI and ADC
sequences. No contrast enhancement was observed. Follow-
up MR was performed with a mean of 25 (range 5-120)
days after the baseline MR. A complete regression of the
lesions was observed in 47 (92%) patients, four (8%) patients
showed reduction in size and signal intensity of MR finding
without complete resolution.

Treatment data are showed in Table 4. The treatment
strategy was available for 43 (84%) patients, 26 (60%)
received corticosteroids, 7 (16%) intravenous immuno-
globulin, 30 (70%) antiviral therapy, 12 (30%) antibiotics,
22 (51%) received a combination therapy. Five patients did
not receive any treatment and did not have any neurological
sequelae.

Discussion

Reversible lesion of SCC has been associated with a variety
of disorders, and in 2011 Garcia-Monco et al. merged the
reversible splenial lesions syndrome (RESLES), with MERS
included in the spectrum of RESLES [31]. Isolated revers-
ible lesion of SCC on MR was reported for the first time in

patients with epilepsy receiving antiepileptic drugs[32-34].
Afterwards, Tada et al. described the same MR finding in
a case series of patients with encephalitis/encephalopathy
caused by various infectious agents, and proposed this new
clinical-radiological syndrome, namely MERS[1].

We presented a case of MERS in a young adult with
uncommon clinical picture such as movement disorders
(myoclonic movements at four limbs) and exaggerated star-
tle response, without electroencephalographic findings sug-
gestive for seizures. Other two cases of MERS with upper
limb myoclonus and no electroencephalographic findings
were reported[19, 28]. Our patient presented meningeal
signs in association with urinary retention, which resem-
bled the meningitis retention syndrome, which is character-
ized by aseptic meningitis and acute urinary retention, with
benign and self-remitting course within few weeks, without
brain lesions/involvement. Other few cases of MERS associ-
ated with meningitis retention syndrome|[9, 25, 35-37] were
reported, with MERS usually preceding or occurring simul-
taneously to urinary retention, in our case the encephalitic
and the meningeal inflammation processes likely occurred
at the same time.

Most MERS cases were reported in the pediatric popula-
tion [5], where diagnostic criteria have been already for-
mulated [5, 38], however, data on adults are scarce. In this
systematic review we included only adult-onset (> 14 years)
patients from case series and reviewed each case to include
clinical and imaging features consistent with MERS. Our
review suggested that clinical symptoms of CNS involve-
ment may differ from children to adults, alluding to dif-
ferences in immunity response[29]. The clinical spectrum
was heterogeneous, however, we found that fever was the
most common prodromal manifestation, as previously
reported[1, 2, 4, 39]. While disturbance of consciousness,
delirious behavior and seizures were frequent neurologi-
cal manifestation in child-onset MERS[38], headache was
the most common symptom of presentation in adult-onset,

@ Springer
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Table 4 Medical treatments of patients of included studies

Author CCS IVIG Antiviral Antibiotics Combination Therapy No treatment
TadaHetal [1] 3/5 0/5 4/5 2/5 3/5 0/5

Pan JJ et al [25] 4/4 2/4 0/4 0/4 2/4 0/4

Zhu Y et al [26] 6/14 2/14 10/14 3/14 /14 4/14

Zhang Zet al [27] 6/6 0/6 6/6 5/6 6/6 0/6

Grosset L et al [28] NA NA NA NA NA NA

Gao X et al [29] 3/9 3/9 9/9 2/9 4/9 0/9

Xu W et al [30] 4/5 0/5 1/5 0/5 0/5 1/5

Total 26/43 (60%) 7/43 (16%) 30/43 (70%) 12/43 (30%) 22/43 (51%) 5/43 (12%)

CCS Systemic corticosteroids, /VIG Intra Venous Immuno Globulin

with one out of five patients presenting only with head-
ache, which frequently was the only symptom reported. As
headache is a common symptom in the general population
and is frequent during fever, our review indirectly suggests
that the incidence of SCC lesions on MR in adults may be
underestimated.

We found that laboratory tests are not specific, however,
some points deserve attention. We found that hyponatremia
was present in around one third of patients with avail-
able serum sodium levels. Of note, all the three patients
(including our case report) with acute urinary retention had
hyponatriemia. Mild hyponatremia has been described in
previous reports [40] and has been proposed as a contribut-
ing factor for MERS [29]. CSF analysis showed an aspecific
inflammatory profile in more than a half of patients, with
slight pleocytosis and mild protein increase, supporting the
para/post infective nature of MERS. EEG findings were
aspecific[3, 41] and suggested a general impairment of cer-
ebral functions consistent with encephalitis/encephalopathy
in around a half of patients.

Although the etiology is often unknown, various viral
and bacteria pathogens have been reported as associated
with MERS. We found that only in a minority of patients
an infection was identified, most frequently viral infection,
followed by bacterial infection. The cytokine-mediated cyto-
toxic edema[42] rather than the direct invasion of the patho-
gen has been proposed as pathogenetic mechanism since
no causative agent is usually found in CSF, therefore the
mechanism is supposed to be inflammatory-mediated, with
a possible autoimmunitary response. SCC may be prone
to cytotoxic edema due to the high blood supply, resulting
from both the anterior and posterior circulation[43, 44], and
the high density of cytokine and glutamate receptors [45].
The reversibility of the lesion is thought to originate from
intramyelinic edema and inflammatory infiltrate [1].

According to the localization of the reversible lesion,
MERS can be classified in type 1 and type 2, and we found
a high prevalence of MERS-1. Although our results may
reflect that the selected studies (three out of seven case

series) did not include type 2 patients, MERS-1 seems
to be more common compared to MERS-2. The splenial
lesion is usually ovoidal/rounded-shaped and centered in
the SCC, whereas and in a minority of patient the lesion
extends to the lateral portion of SCC (the so-called “boo-
merang sign”). The SCC lesion presented a homogeneous
high-signal on T2-WI/FLAIR, hyperintense on DWI with
low ADC value, suggesting reversible cytotoxic edema,
without contrast enhancement. All the lesions resolved or
improved on follow-up imaging, supporting the transient
and potentially reversible nature of the pathological process.
However, according to Zhu et al.[26], occurrence of unfa-
vourable outcome despite imaging lesion resolution suggests
that MERS may not always have a mild course. Remarkably,
severe disturbance of consciousness at onset was the clinical
feature associated with ventilation support in the acute stage
of disease, as previously suggested[26].

There is no consensus about the therapeutic strategy. The
inflammatory process may support the use of corticoster-
oids, which could represent the only therapy once infec-
tive processes have been excluded, conversely, antibiotics
or antiviral agents may be used when a specific pathogen
is present. However, we found that six patients with mild
clinical symptoms did not receive any treatment and had
no neurological sequelae, suggesting that specific treatment
may not be always necessary and supportive therapy could
be the right strategy in milder cases.

In conclusion, our review suggests that MERS in adults
is a form of encephalitis/encephalopathy with a broad range
of central nervous system manifestations, often with mild
symptoms, such as headache, and could follow unspecific
symptoms such as fever. Laboratory tests are not specific,
and the term encephalitis should be used when there are
inflammatory markers in cerebrospinal fluid, which occur in
around a half of patients, otherwise the term encephalopa-
thy should be used. Hyponatremia may be present up to a
third of patients and may help early diagnosis. We advocate
that MERS in adults has a para/post infective origin, other
encephalitis/encephalopathy with SCC lesions from known
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etiologies (e.g. antiepileptic drugs, metabolic disorders)
should not be classified as MERS, rather the generic term
RESLES should be adopted. The presence of an inflamma-
tory lesion usually located in the SCC and reversible within
a month is a key feature of diagnosis, with MERS-1 being
the most frequent type. Further studies are needed to better
characterize the clinical-radiological entity of MERS.
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