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Abstract

Background Reversible lesions of the corpus callosum with initial restricted diffusion on diffusion-weighted imaging (DWI) are
rare and mainly described in the south Asiatic population.

Objective The purpose of this study was to describe the clinical presentation, imaging findings, prognosis and etiology of
transient restricted diffusion lesions of the corpus callosum in a series of Caucasian children.

Materials and methods Seven children presenting with a transient restricted DWI lesion of the corpus callosum were included.
Their clinical presentations and paraclinical examinations were investigated in addition to their MRI findings during the acute
phase and at follow-up.

Results Five patients initially presenting with prodromal flu-like symptoms were diagnosed with mild encephalopathy with
reversible corpus callosum lesions, three of which were due to the influenza virus. For two patients (twins) with a stroke-like
presentation and without febrile illness, a central nervous system manifestation of X-linked Charcot-Marie-Tooth disease with
connexin 32 mutation was diagnosed. All patients had a good clinical prognosis without clinical sequelae or residual MRI lesion
for all patients at follow-up.

Conclusion A transient lesion of the corpus callosum with restricted diffusion should prompt the radiologist to suggest an
infectious trigger in children. The prognosis of these patients was good with normalization of clinical symptoms and MRI
without any specific treatment.

Keywords Central nervous system infections - Charcot-Marie-Tooth disease - Children - Corpus callosum - Diffusion-weighted
imaging - Magnetic resonance imaging - Reversible focal lesion

Introduction

Several disorders can affect the corpus callosum in children
with a wide prognostic spectrum according to the etiology and
associated encephalic lesions [1-3]. Among the different eti-
ologies, some have an initial diffusion restriction at the acute
phase but a reversible course with complete and rapid fading
as well as normalization of clinical symptoms in the following
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weeks or months. If most cases reported have been related to
potential infectious triggers, the etiologies and physiopathol-
ogies have not been completely elucidated. Reversible
splenial lesion syndrome (RESLES) [4, 5] is a recent radio-
logic syndrome that encompasses all etiologies associated
with transient lesional diffusion restriction. In children, most
of the cases have been reported in East Asia during febrile
illness. This entity was previously known as a clinical-
radiologic syndrome mild encephalopathy/encephalitis with
reversible splenial lesion (MERS) [5-7] including encepha-
lopathy signs lasting more than 12 h. According to the exten-
sion of the lesion on magnetic resonance imaging (MRI), two
types of MERS have been described: MERS type 1 [8, 9]
corresponds to an isolated focal lesion of the splenium of the
corpus callosum whereas MERS type 2 [10, 11] includes an
anterior extension up to the entire corpus callosum and/or a
symmetrical bilateral extension to the contiguous deep white
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matter of the centrum semiovale. However, some authors have
reported many cases with the same radiologic features and
prognosis as MERS, except for the encephalopathy signs.
Thus, a larger entity termed reversible splenium lesion with
febrile illness (RESLEF) was recently suggested [12].

The purpose of this study was to report and describe the
clinical, biological and MRI findings, prognosis and different
etiologies in a series of Caucasian children presenting with a
transient diffusion-restricted lesion of the corpus callosum.

Materials and methods

We retrospectively included all children with a transient lesion
of the corpus callosum with relative diffusion restriction who
underwent an MRI between 2007 and 2014 in our pediatric
radiology department. All patients were initially admitted to
the pediatric emergency department of our institution. A ret-
rospective analysis of clinical, biological and imaging features
was conducted. Formal research ethics approval was waived
for this retrospective study.

The following clinical data were collected from medical
files: initial clinical presentation and follow-up with particular
attention to neurological signs such as seizure, neurological
deficits or encephalopathy symptoms including consciousness
or behavioral disturbance. A pediatric neurologist had
assessed all patients. The following biological data were col-
lected from the medical files: standard initial blood test, serol-
ogy, nasopharyngeal swabs, stool sample examinations, cere-
brospinal fluid examination (including polymerase chain re-
action for the genome detection of parainfluenza viruses, her-
pes virus, cytomegalovirus, varicella zona virus, Epstein-Barr
virus, human herpes virus 6, enteroviruses and adenoviruses),
electroencephalography and electroneuromyography.

All children were imaged using a Siemens 1.5-T
Symphony or Aera scanner with a 16-channel head coil
(Erlangen, Germany). The brain MRI protocol included:
diffusion-weighted imaging (DWI; TR 5,700 or 5,000 ms,
TE 93 or 105 ms, one excitation, field of view 310 cm x
310 cm, slice thickness 5 mm, inter-slice gap 5 mm), fluid-
attenuated inversion recovery (FLAIR), T2-w spin echo and
T1-w spin echo before and after intravenous contrast
administration. A three-dimensional time of flight MR angi-
ography sequence was also performed when a vascular dis-
ease was clinically suspected. The MRI examination was per-
formed at the acute phase and a follow-up MRI was performed
between 1 month and 6 months after the initial clinical episode
and included at least a DWI and FLAIR sequence.

Two pediatric radiologists from our department (B.B. and
C.T., with 15 and 20 years of experience, respectively) ana-
lyzed the MR images retrospectively. The checklist included
distribution and extent of white matter lesions on DWI and
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FLAIR images as well as the presence of contrast
enhancement.

Results

Seven children were included, ages 6.4 to 16 years. There
were five boys and two girls. The main clinical, laboratory
and imaging findings are summarized in Table 1.

Clinical and laboratory findings

All patients were healthy without any relevant medical history
except for one girl who had a history of epilepsy treated with
valproate. Febrile illness with prodromal flu-like symptoms
was reported 2 to 10 days before the initial MRI examination
for 5 patients (patients 1-5). Among these patients, three pre-
sented disorders of consciousness (patients 2, 3 and 4), two
cases were associated with behavioral disturbance
(aggressiveness) (patients 2 and 3) and two cases were asso-
ciated with seizures (patients 2 and 4). Patient 5 had a behav-
ioral disturbance (visual hallucinations with fleeting episodes
of sudden blindness and myodesopsia) without disorders of
consciousness. One patient (patient 1) had no clinical symp-
toms. The lesion of the corpus callosum was incidentally dis-
covered during a follow-up MRI scan performed for growth
delay. Anamnesis revealed prodromal flu-like symptoms with
fever and headache the day before.

The diagnosis of acute influenza virus A or B infection was
established for three of these five patients (patients 1, 3 and 4);
this was based on nasopharyngeal swab analysis in two pa-
tients and on serological analysis in one patient. Patient 5
presented with concomitant acute parainfluenza virus and ad-
enovirus infections associated with a meningitis profile on
analysis of cerebrospinal fluid. No pathogen was found in
patient 2 despite a meningitis profile established on cerebro-
spinal fluid analysis (microbiological cerebrospinal fluid, na-
sopharyngeal swab, and blood and stool sample analysis
remained negative).

The C-reactive protein was moderately higher in all pa-
tients except patient 1, who had no significant neuropsycho-
logical symptoms.

The two remaining male patients (patients 6 and 7) were
identical twins. They presented to the emergency department
at 3-year intervals with multiple regressive stroke-like epi-
sodes including hemiplegia and dysarthria but no neuropsy-
chological or systemic symptoms. They had neither febrile
illness nor prodromal symptoms. The viral and bacterial in-
vestigations of the blood, cerebrospinal fluid, nasopharyngeal
swabs and stool samples were negative. On clinical and radio-
logic follow-up 3 months later, the outcome was good without
any clinical symptoms or residual MRI lesions. The acute
clinical and imaging presentation of the second twin was



1001

Pediatr Radiol (2018) 48:999-1007

so)KooydwAT 47 ‘uonenuw g¢ urxouuod yyum | odA) 9seasIp Yoo -oLeA 1001ey)) paqul X 7€ XD [XLIND
‘wnsof[ed sndiod Jo wnruads HHS ‘soewnt pAYIM-7], ML ‘SoTewul paySom-1 1, JM [ Qe i ‘saikooydwiA] 47 ‘wnrurjopesd po ‘KI9A003I UOISIAUI pajenuole-ping y7y7.] Oew) J ‘Surdewn
PAYS1om-uoISNJIp 7 (7 “Tonewt Qym doo M T 910J2q SABP X x-(7 ‘T 2dA) ‘UonBINW 7§ UIXauuod 7£x) ‘dseasip Yoo, LBIN-100IeY)) X A ‘Wnso[[ed sndioo D) Guaronjaod uoisnyip juaredde Hqy

O[BAOTIIAS
Aysuoy WINHUD 0} UOISUIXI ‘usis Ayedoeydoous oN
Suipey -uadAg JUDWIAOUBYUD AMQ [eoLawwAs “(errypresAp ‘sisaredruudy)
7€X0 IXLND - - appdwo) P SOT /0w [g/PALISTY IMTL ON/Psea1oa M DDS Y} JO UOISIT  IOLop [eO10[0INAU UPPNS  I9AJJ /SHLIIUL0NSES 11 Z-( W T6
*O[BAOTUIAS
Ansuoy WNHUID 0) UOISUAXD ‘usis Ayedoreydoous oN
Suipey -udAg JUSWIDOUBYUD JAMQ [BoLWWAS “(errypesAp ‘sisaredruudy))
exD IXLAD € ¥To ap[dwo) P 981 /Wt TOE/PALNSIY IMTL ON/PasEaId  {as DDS Y} JO UOISYT  10Yap [BIIS0[0MaU Uappng - N Y9
‘udts Ayyedoreydoouo
ON 'ssoupuIiq
Aysuoy Sunooyy
¢ 2dKy ezuonjjurereq Surpey -utdAg JUSWAOURYUD *DDS oy Jo pue eisdosopoAtn ‘swo)dwAs
— SNIAOUSPY  [eULIOU [eutou  9[dwo) P 9€ S/, W (Z7E/PAOLISHY IMZL ON/PaseaIdd(] UOISI] PIOAO [BIO] PAIBOS] Jo soposide uappng I[N} 1A 17~ WL
snondoide
Aysua) JUSWIOOURYUD snye)s Aq pamof[oy
(& Surpey -unadAy ON DS oy Jo sanzies dydpnuwi y 7|
g 2dA) snna ezuangul  9/9) 141 90 derdwo) P 1€ S/,WW Z8y/PAOMISAY [ TL ON /SPNI[EWLIOUGE ON UOISI] PIOAO [BOOJ PAJR[OS] < SSAUSNOIOSUOD JO JOPIOSI]  "dYdLPLay ‘SSAUNeIMm :7-(1 W Tl
Y TI<
Ansuo) SSQUSNOIOSUOD JO IOPIOSIP
Surpey -utedAq JUSLIDOULLUD *DDS oy Jo ‘(ssouoAIssaI33e) ‘Sunruoa
v od£) snia ezuonpjug oppdwo) P TE S/ W OTH/pARLSY IMZL ON/Pasea1oa(] UOISI] PIOAO [B00] PAJE[OS] JOIARUOq [RULIOUqQY ‘auoepey 1A%y :01-d 1401
“O[BAOTUIDS
WNNUd 0 UOISUXI 2InZ1os Y 1<
Kysuay JUSWIOOUBYUD NMA SSQUSNOIOSUOD JO IOPIOSIP
punoy susSoyyed ou (& Surpey -unadAy ON [eOLNOWIIAS YjIm 031I0A ‘(SSOUDAISSaIZTe) ‘swoydwAs
nq [enA A[qeqoid - %L6) 09 8¥°0 ajordwo) P Oy S/ WUW SOE/PARLNSOY  ITMTL ON /senljeuiouqe oN nueg ) oY JO oIS JI0IABYQq [euLliouqy MY 1A 1A 1°6'6
Aysud) UOISNYIP PAJILNSAI
Surpey -utadAg JUSWIOUBYUD PIm DDS 3y} JO UOIsI| J101jop [ed130[0INOU ‘swoydwAs oyi-nyg
Vv odA) snaia ezuonuy - - oppdwo) P 8T S/;WW (pS/pAoLsay IMTL ON/pasea100(] ProAo 1e00J pajejos] 1o uis Aypedofeydoous oN QUoepeAY 19AdJ 1Z-(1 N ‘91
PO
() dn IMIL
wnod  (I8)  WIVId -mofod (s/uu)  YIVId paoueyud
D welold  AMA OavAmMd  /IMTL senuodIMIL  ASojoydiour uoisoy Jopud3
wojdwAs  ‘(s1oK) judneq
A3o10ny ASD TN dn-moqjoq sapIeuLIouqe RYIN-TAAA ANV woyduifs [ed130[0InaN [ewoapoag gy

Apmjs SIy) UI USIP[IYO USAJS d JO ejep Surdew pue [ed130[01q ‘[edtul)) | djqeL

pringer

Qs



1002

Pediatr Radiol (2018) 48:999-1007

Fig. 1 A 16-year-old boy (patient
1) with fever, headache and flu-
like symptoms 2 days before an
MRI examination scheduled for
investigation of a growth delay. a-
d There is a lesion in the splenium
of corpus callosum (arrows) on
axial diffusion-weighted image
(a, repetition time/echo time
5,700 ms/93 ms), axial apparent
diffusion coefficient map b-1000
(b), axial fluid-attenuated
inversion recovery spin echo (c,
repetition time/echo
time/inversion time 9,000 ms/
114 ms/2.5 ms) and reformatted
axial 3-D T1-weighted gradient
echo (repetition time/echo
time/flip angle/inversion time
2,000 ms/4 ms/15°/1,100 ms)
after gadolinium administration

similar, but hollow feet were found during the clinical follow-
up examination. An electroneuromyogram, subsequently per-
formed, revealed a peripheral neuropathy. A review of the
family medical history revealed that the maternal grandfather
had suffered from a peripheral neuropathy. For these two pa-
tients, a final diagnosis of X-linked Charcot-Marie-Tooth dis-
ease type 1 with connexin 32 mutation was made thanks to the
electroneuromyogram examination and investigation of their
mother’s genetic history.

Apart from the residual peripheral neuropathy in the twins,
a good final clinical outcome and total fading of the MRI
lesions were observed for all patients.

MRI patterns

All patients presented with a restricted lesion of the corpus
callosum on DWI (Fig. 1). In three children, an extension
to the deep white matter was observed. Four of the children
with febrile illness presented with an isolated ovoid lesion
of the splenium of the corpus callosum with restricted
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diffusion during the acute phase. The remaining patient
with febrile illness (patient 2) presented with a lesion of
the genu with symmetrical bilateral deep white matter ex-
tension to the centrum semiovale (Fig. 2). For the two
patients with stroke-like episodes, who were finally diag-
nosed with X-linked Charcot-Marie-Tooth disease type 1,
3-D time of flight MR angiography of the circle of Willis
showed no vascular abnormalities. MRI showed diffuse
areas of restricted diffusion involving the splenium of the
corpus callosum and with additional extensive bilateral
symmetrical confluent areas predominantly in the posterior
deep white matter (Fig. 3). These lesions extended superi-
orly toward the centrum semiovale but spared the subcor-
tical U-fibers. There was no posterior fossa, cortical gray
matter or basal ganglia involvement in any patient nor any
abnormal enhancement after intravenous contrast adminis-
tration in the acute phase or during follow-up imaging.

In all patients, complete fading of the lesion in the corpus
callosum was observed on the follow-up MRI performed be-
tween 1 and 6 months later (Fig. 4).
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Fig. 2 A 9-year-old girl (patient
2) with acute disorder of
consciousness and behavioral
disturbance following flu-like
symptoms. No infectious agent
was found on investigations. The
interval between symptoms onset
and MRI was 2 days. a Axial
diffusion-weighted image
(repetition time/echo time

5,700 ms/93 ms) demonstrates
high signal intensity in the
genu of the corpus callosum
(arrows) The interval between
symptoms onset and MRI was
2 days b-1000. b
Corresponding apparent
diffusion coefficient map
shows low values in the same
area (arrows). ¢ Axial
diffusion-weighted MR image
(repetition time/echo time
5,700 ms/93 ms) demonstrates
high signal intensity in the
centrum semiovale
(arrowheads) b-1000. d
Corresponding apparent
diffusion coefficient map
shows reduced values in the
same area (arrowheads)

Discussion

This study concerned seven children with a transient restricted
diffusion-weighted lesion of the corpus callosum at MRI. A
few pediatric cases have been reported in the Caucasian pop-
ulation [12—14], but most previous studies describing this type
of corpus callosum lesion have been reported by centers in
East Asia [8, 12]. As reported in the literature, we found that
transient restricted diffusion-weighted MRI lesions of corpus
callosum associated with febrile illness due to an infectious
pathogen seem to be the main etiology in our series.

We found the same clinical symptoms for patients with
febrile illness as in other studies [8, 12] (mainly disorders of
consciousness and behavior) but with a greater prevalence of
seizures (2/5 patients). Conversely, patient 1 had a lesion that
was incidentally discovered on a MRI examination performed
for another indication. No symptoms were observed except
for headache and prodromal flu-like symptoms 2 days earlier.
He was finally diagnosed with an acute influenza A infection.
This observation may suggest that transient lesions of the

corpus callosum are probably underestimated in influenza vi-
rus infections and may not always be associated with neuro-
logical symptoms. As in the other studies [8, 12], influenza
virus type A or B appears to be the most common causative
infectious agent in our series. Evidence of acute infection with
parainfluenza virus and adenovirus was reported in one of our
patients. A variety of other pathogens have previously been
described in literature, including viruses (Epstein-Barr virus,
mumps, rotavirus, etc.), bacteria (Mycoplasma pneumoniae,
Escherichia coli, Salmonella Enteritiditis, etc.) and exception-
ally parasites (Plasmodium falciparum [15]). In the largest
cohort, up to 41% of negative infection tests were reported
[8]. In our series, only one patient with febrile illness tested
negative for infectious investigations, despite a cerebrospinal
fluid meningitis profile and a C-reactive protein increase.
The clinical and radiologic outcome of children presenting
with transient lesions of the corpus callosum associated with
febrile illness is good with a rapid decline in clinical symp-
toms as well as MRI lesions within the following weeks or
months. In the two main studies [8, 12], clinical outcome was

@ Springer
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Fig. 3 A 6-year-old boy (patient
6) initially hospitalized for stroke-
like episodes and finally
diagnosed with an acute central
nervous system manifestation of
X-linked Charcot-Marie-Tooth
disease with connexin 32
mutation. The interval between
symptoms onset and MRI was 1
day. a Axial diffusion-weighted
image (repetition time/echo time
5700 ms/93 ms) shows high
signal intensity lesion of the
whole splenium of corpus
callosum (arrows) b-1000. b
Axial diffusion-weighted image
(repetition time/echo time

5700 ms/93 ms) shows
symmetrical bilateral extension to
the deep white matter of the
centrum semiovale (arrowheads)
b-1000. ¢ Axial apparent
diffusion map corresponding to
(a) shows reduced values in the
splenium (arrows). d Axial
apparent diffusion map
corresponding to (b) shows
reduced values in the centrum
semiovale (arrowheads)

good and without neurological sequelae, regardless of wheth-
er the patient received steroid-specific treatment, and irrespec-
tive of the lesion extension to the deep white matter and the
type of infectious pathogen. Two patients with neurological
sequelae have been reported [10], but with atypical MRI fea-
tures. In these cases, frontal cortical and corpus striatum le-
sions were described in addition to the standard transient cor-
pus callosum and deep white matter lesion. This probably
implies that these patients should not have been given a simple
MERS diagnosis. Finally, only one patient was reported with a
persistent corpus callosum lesion following a MERS type 1
lesion [16], but no information was available on his clinical
outcome or neuropsychological development.

Some differential diagnoses on MRI require a mention. The
etiologies of reversible lesions of corpus callosum are various,
including metabolic disorders such as hypoglycemia [17-19]
and hypernatremia [20], high-altitude cerebral edema [21] and
epileptic contexts following a seizure or associated with
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antiepileptic drugs [22, 23], including their withdrawal [24,
25]. Most pediatric cases reported in the literature were of
transient corpus callosum lesions in the setting of a febrile
illness. When corpus callosum lesions extend contiguously
to the deep white matter, a metabolic leukoencephalopathy
spectrum disorder such as adrenoleukodystrophy could be
suspected [26]. However, in these disorders, MRI deep white
matter lesions are barely reversible [27] and contrast enhance-
ment is often found. Moreover, the clinical presentation is
different with prior cognitive or behavioral regression.
X-linked Charcot-Marie-Tooth disease type 1 is another
differential diagnosis found in our series. The corpus callosum
lesions in the twins had a wide extension to the splenium and
symmetrical bilateral extension within the deep white matter
of the centrum semiovale. Neither twin had encephalopathy
signs, febrile illness or prodromal flu-like symptoms. Central
nervous system dysfunction caused by connexin 32 mutations
has been reported in patients as young as 5 years of age [28].
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Fig. 4 A 7-year-old boy with
visual disorders (patient 5).
Magnetic resonance imaging 2
days days after symptom onset
demonstrates an isolated ovoid
high signal intensity lesion of the
corpus callosum (arrow) at axial
diffusion-weighted image (a,
repetition time/echo time:

5,000 ms/105 ms) and axial T2-
weighted spin echo image b-1000
(b, repetition time/echo time:
5,900 ms/99 ms) shows the same
lesion with high signal intensity
(arrow). ¢-d The lesion has
disappeared at MRI 1 days days
after the study in (a-b) as seen on
axial diffusion-weighted MR
image (c, repetition time/echo
time: 5,000 ms/105 ms) and axial
T2-weighted spin echo image b-
1000 (d, repetition time/echo time
5,900 ms/99 ms)

Although this form of Charcot-Marie-Tooth is X-linked, at
least one manifesting female carrier has been reported with
deep white matter changes [29], although not during her
childhood. In our study, the diagnosis of X-linked Charcot-
Marie-Tooth disease type 1 was unknown for the two boys
and the stroke-like episodes were the first manifestation of
the disease. Other cases of stroke-like episodes as the first
clinical manifestation of X-linked Charcot-Marie-Tooth
disease type 1 with connexin 32 mutation have been re-
ported previously [30, 31]. An increasing number of stud-
ies have described transient central nervous system dys-
function in males with X-linked Charcot-Marie-Tooth dis-
case, manifesting as hemiplegia, sensory loss, dysarthria,
ataxia, aphasia and even confusion, and accompanied by
transient corpus callosum and deep white matter MRI ab-
normalities. These symptoms last hours to weeks and in
rare cases can precede peripheral neuropathy onset of the
disease, whereas MRI changes often resolve completely
within a few months [31-34]. Two slight differences in
MRI signs can help distinguish X-linked Charcot-Marie-
Tooth disease. First, an extension of the MRI abnormalities

within the corticospinal tract [34]. Second, a persistent
mild hyperintense signal on T2-weighted images within
the centrum semiovale at 1 month and even at 6 months
[31, 33], which is never the case in MERS 2 patients.
These abnormalities were not found in our twin patients.

The pathogenesis of corpus callosum lesions in RESLES
remains unknown. According to the clinical and underlying
pathogenesis condition, several theories have been put for-
ward to explain the transiently restricted diffusion-weighted
image lesions on MRI.

One of the most relevant theories is based on the prepon-
derance of the reported pediatric RESLEF or MERS cases in
East Asia and more particularly in Japan, as well as some
familial cases [35], which suggests the important role played
by unidentified genetic factors. Secondly, some theories men-
tion the histological structure of the corpus callosum contain-
ing tightly packed myelin sheaths and a relatively high water
component probably rendering the corpus callosum more sus-
ceptible to cytotoxic edema than other brain areas. However,
this theory appears incomplete, as it does not explain the deep
white matter lesion that may be associated.
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Third, an inflammatory theory has been suggested to
explain lesions found in RESLEF and MERS associated
with infectious pathogens. Indeed, some authors found a
high production of cytokines in the cerebral spinal fluid
[36]. However, the symmetry and constant absence of
RESLEF or MERS lesion enhancement do not support
an inflammatory etiology.

The main pathogenesis theory, even if not fully understood,
is a transient dysfunction of intercellular metabolic or ionic
exchange between oligodendrocyte, astrocyte and axon fibers
implying the formation of cytotoxic edema [3]. This theory
appears relevant for the main etiologies of transient restricted
DWI corpus callosum lesions including MERS/RESLEF,
Charcot Marie-Tooth type 1X disease and anti-epileptic drug
withdrawal.

The main limitation of our study is the small number of
subjects. Despite many attempts to cluster reversible splenial
lesions into distinct entities, at the end, with the exception that
most described cases in children have been attributed to infec-
tion, these continue to be highly nonspecific and we still do
not understand completely their pathophysiology.

Conclusion

A transient lesion of the corpus callosum with restricted dif-
fusion during a febrile illness episode should prompt the radi-
ologist to suggest an infectious origin in children, particularly
the influenza virus. Associated mild encephalopathy sign may
be present or absent. The prognosis of these patients is good
with rapid normalization of clinical symptoms and fading of
the MRI lesion within one week to a month without any spe-
cific treatment.

Compliance with ethical standards

Conflicts of interest None.
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