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ABSTRACT

Objective: Cytotoxic lesions of the corpus callosum (CLOCCs)
are usually detected as a diffusion restriction in the splenium
of the corpus callosum. They are rare secondary radiological
findings associated with various clinical entities. The aim of this
study is to evaluate the magnetic resonance imaging (MRI) find-
ings and underlying clinical factors of cases with CLOCCs.

Materials and Methods: The MRI images of 850 patients who
were admitted to the emergency services between January 2017
and March 2021 with encephalopathy and epilepsy-like neuro-
logical complaints were scanned retrospectively. Twenty nine
patients (20 men, 9 women) with CLOCCs were included in the
study. Their radiological and clinical findings were evaluated.

Results: The mean age was calculated as 26.4 years (5-72 years).
The patients had neurological symptoms such as dysarthria, con-
fusion, ataxia, syncope, epileptic seizure, and headache. Lesions
were developed secondary to various infections in 20 (68.9%)
patients. Diabetic decompensation was found in three patients
and uremic decompensation in one patient. In the remaining
patients, subarachnoid hemorrhage, asthma attack, trauma,
high-dose lithium-levetiracetam intake and anti-epileptic drug
withdrawal were responsible. Twenty patients had MRI control.
In 16 (80%) patients, MRI findings returned to normal between
6 days and 8 months (median 30, Mean 53.8 days). One of the

OZET

Amag: Korpus kallozumun sitotoksik lezyonlari (KKSL) genellikle
korpus kallozum spleniumunda diffizyon kisithligi olarak sapta-
nan farkli bircok klinik durum ile iliskilendirilmis nadir bir radyolo-
jik bulgudur. Calismamizin amaci klinigimizde manyetik rezonans
gorintilemesinde (MRG) KKSL saptanan olgularin radyolojik ve
klinik bulgularini incelemek ve literatlr esliginde degerlendir-
mektir.

Gereg ve Yontem: Ocak 2017 — Mart 2021 tarihleri arasinda eris-
kin ve pediatri acil servislerine ensefalopati ve epilepsi benzeri
norolojik sikayetler ile bagvuran, diffiizyon veya kraniyal MRG ce-
kilmis yaklasik 850 hastanin goérintilemeleri retrospektif olarak
tarandi. KKSL saptanan 29 hasta (20 erkek, 9 kadin) calismaya
dahil edilerek radyolojik ve klinik bulgular degerlendirildi.

Bulgular: Yas ortalamasi 26,4 yil (5-72 yil) olarak hesaplandi. Has-
talarda dizartri, biling bulanikligi, ataksi, senkop, epileptik nébet,
bas agnsi gibi nérolojik semptomlar mevcuttu. Hastalardan 20
(%68,9) tanesinde cesitli enfeksiyonlarin merkezi sinir sistemini-
ne direkt veya indirekt etkisi ile lezyonlarin gelistigi goriildi. Ug
hastada diyabetik, bir hastada Gremiye bagl metabolik dekom-
pansasyon saptanmistir. Diger 5 hastada; subaraknoid hemoraji,
astim atag, travma, ylksek doz lityum - levetirasetam alimi ve
antiepileptik ilag cekilmesi gibi etyolojik faktorlere baglh gelistigi
degerlendirildi. Yirmi hastada MR kontroli bulunmaktayd:. 16
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other 4 patients had partial regression, and 3 patients recovered
with sequelae gliosis.

Conclusion: CLOCCs are nonspecific MRI findings associated
with a broad underlying clinical spectrum. They are usually re-
versible. Determination of the underlying clinical etiology, avoid-
ance of an ischemic stroke and tumor-like misdiagnoses are im-
portant for appropriate patient management.

Keywords: Cytotoxic callosal lesions, reversible splenial lesion,
splenium, corpus callosum

(%80) hastada bulgular 6 glin ile 8 ay arasinda normale dénmus-
tir (Median 30, Ortalama 53,8 giin). Diger 4 hastadan birinde
parsiyel regresyon oldugu, 3 hastada sekel gliozis ile iyilestigi
izlendi.

Sonug: Kallozal sitotoksik lezyonlar altta yatan genis bir klinik
spektrum ile iliskili nonspesifik kranial MRG bulgularidir. Genel-
likle geri dénisumlidir. Radyolojik olarak taninmalari, altta ya-
tan klinik etiyolojinin saptanmasi, iskemik inme ve timor benzeri
yanlis tanilardan kaginilmasi, uygun hasta yonetimi icin dnemlidir.

Anahtar Kelimeler: Sitotoksik kallozal lezyonlar, reversibl spleni-
al lezyon, splenium, korpus kallozum

INTRODUCTION

The corpus callosum is the largest white matter pathway
that provides interhemispheric communication and coor-
dination. Splenium is the part of the corpus callosum that
remains in the posterior part and consists of thick fibers
that connect both the temporal, posterior parietal and
occipital cortices (1,2). In recent years, cytotoxic lesions
observed in the splenium of the corpus callosum have
been identified by Magnetic Resonance imaging (MRI).
These lesions which are called cytotoxic lesions of the
corpus callosum (CLOCCs), are rare radiological findings
that can be seen secondary to a wide range of diseas-
es (3,4). These lesions are usually ovoid, homogeneous,
non-hemorrhagic lesions detected in the middle part
of the splenium. Extracallosal involvement and irregular
lateral extension have been described in some patients
(4,5) . In MRI examinations, the signal features are usually
mildly hyperintense on T2-weighted and FLAIR sequenc-
es, slightly hypointense on T1-weighted images, hyper-
intense in diffusion sequences and do not show contrast
enhancement (3,4).

These lesions are usually detected incidentally when im-
aging for encephalopathy, encephalitis or epileptic sei-
zures. Although the clinical prognosis is generally good
in these patients, the clinical situation varies depending
on the underlying etiology (5,6). The underlying patho-
genesis of these lesions is still controversial. Currently,
the most accepted hypothesis explains these lesions
with cytotoxic edema and demyelination secondary to
inflammatory cytokinopathy in the brain. Differential di-
agnoses include a wide range of etiological factors with
varying clinical importance (7,8). Radiological identifica-
tion of these lesions and knowing the associated clini-
cal conditions are important for avoiding a misdiagnosis
like an acute ischmeia or tumor -like lesions and to apply
appropriate treatment to patients. In this study, 29 cas-
es with CLOCCs detected on cranial MRI were included
and these cases were evaluated in terms of MRI findings,
clinical symptoms and underlying etiological factors. The
similar features and differences of these cases were ex-
amined with the literature examples.

MATERIAL AND METHODS

After applying to the appropriate ethics committee, the
MRI images of 850 patients who were admitted to the
adult and pediatric emergency services between January
2017 and March 2021 with encephalopathy and epilep-
sy-like neurological complaints were scanned retrospec-
tively. The review of our database records revealed 29
patients with CLOCCs who were included in the study.
Their radiological and clinical findings were evaluated
retrospectively through the image archive system and the
hospital database records. MR images were evaluated by
a neuroradiologist with 6 years of experience in neuroim-
aging. Patients with arterial territorial diffusion restriction
due to acute ischemic stroke were not included in the
study. Patients with a known diagnosis of demyelinating
disease and presenting with callosal lesion due to an
acute attack were excluded from the study.

Patients’ age, initial complaints, clinical signs and symp-
toms, laboratory findings, chronic/previous disease pa-
rameters, initial and control MRI findings and final diag-
nosis were evaluated. MRI examinations of the patients
were performed with 1.5 Tesla (T) or 3 Tesla devices, and
the initial MRl examinations were made with or without
contrast or just diffusion and T2, FLAIR sequences. The
shape, localization, MR signal intensity, diffusion restric-
tion, apparent diffusion coefficient (ADC) values, en-
hancement patterns, affected areas and extra callosal
lesions were evaluated in MR| examinations. In addition,
medical records of patients such as clinical symptoms,
underlying diseases, clinical course, recurrence and
post-treatment response were evaluated. All statistical
analyses were calculated using Statistical Package for the
Social Sciences (SPSS) for Windows version 20.0 (SPSS
Inc., Chicago, IL, USA).

RESULTS

Demographic characteristics of the patients

In the study, 29 patients who were reported to have cy-
totoxic lesions of the corpus callosum according to the
findings obtained in MRI examinations were included.
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There were 20 female (68.9%) and 9 male patients, with a
mean age of 26.4+19.6years (range, 5 -72 years). Eleven
patients (37.9%) were aged 18 years or younger. Eighteen
patients (62.1%) were older than 18 years. Patient gender,
age, MRI findings and clinical characteristics are detailed
in Table 1.

MRI findings

Corpus callosum splenium was involved in all cases. Sple-
nial involvement was localized in the middle part in 20 pa-
tients (68.9%), in the middle and paramedian part in three
patients (10.3%), in the middle and left lateral part in three
patients (10.3%) and only in the lateral parts and parame-
dian parts of the splenium in three patients (10.3%). The
lesions which were localized to the middle part of the sple-
nium were oval, crescent-shaped and band-like morpho-
logical structures (Figure 1). All lesions restricted diffusion
and ADC responses were monitored. In the additional T2
and FLAIR sequences taken in the diffusion examination,
the lesions were evaluated as slightly hyperintense. It was
observed that the lesions did not enhance contrast in 18
patients with contrast-enhanced examination.

As extracallosal involvement, one patient had acute dif-
fusion restriction in the bilateral centrum semiovale si-
multaneously with the splenial lesion (Patient 19) due to
disseminated intravascular coagulation (DIC), septicemia
and acute respiratory distress syndrome (Figure 2). In a
second patient, involvement of the corpus callosum genu
and left centrum semiovale was observed as well as sple-
nial lesion involvement (patient 20) due to meningitis and
septicemia. One patient who presented with diabetic ke-
toacidosis had bilateral thalamic and left globus pallidus
involvement concomitant in the splenial lesion (patient
26). In one patient with trauma, focal diffusion restriction
was observed in the corpus callosum corpus and bilateral
cerebral hemispheres other than the splenium (patient
28). One patient diagnosed with meningitis had concom-
itant leptomeningeal enhancement in post contrast MRI.
In one of the patients, cerebellar meningitis findings were
added in the MRI examination during the follow-up, and
the findings were observed to regress after appropriate
treatment (patient 8).

Control MRIs of 20 patients could be accessed. In 16
(80%) patients with MRI control, the imaging findings re-
turned to normal between 6 days and 8 months (median
30, Mean 53.8 days). In the 2" month follow-up MRI of
one patient with meningitis, it was observed that the find-
ings had partially regressed. In two patients who devel-
oped cytotoxic lesion due to diabetic ketoacidosis and
one patient with post-traumatic lesion, the MRI findings
healed with sequelae gliosis.

Clinical symptoms and findings
Patients often had neurological symptoms such as confu-
sion, dysarthria, ataxia, dizziness, syncope, epileptic sei-

zures, headache, meningeal irritation findings and visual
complaints. Seven (24.1%) patients presented with upper
respiratory tract infection (URTI) symptoms at the time of
admission. Six patients (20.6%) had complaints related to
the gastrointestinal system such as nausea, vomiting, ab-
dominal pain and diarrhea. Two patients presented with
epilepsy attacks. Other patients had complaints such as
fatigue, tremor, hypertension at the time of admission.

In the follow-up and examinations, it was evaluated that
callosal cytotoxic lesions developed in 20 (68.9%) patients
due to the direct or indirect effects of various systemic
or local infections. Influenza infection was diagnosed in
three patients (one influenza pneumonia, two URTI), plas-
modium falciparum malaria in one patient, Listeria mono-
cytogenes meningitis in one patient, pneumonia in one
patient, viral and bacterial serology negative cerebellitis
in one patient, adenovirus enteritis in one patient, masti-
tis in one patient, otitis media in one patient, URTI in two
patients, covid 19 in one patient, acinetobacter septice-
mia in one patient with a known diagnosis of methyl ma-
lonic acidemia, serology and culture negative meningitis
in two patients and septicemia due to URTI in one pa-
tient. It was diagnosed after meningitis and septicemia in
a patient who had been operated for subdural hemato-
ma two months before the cytotoxic lesion. It was found
that a patient diagnosed with familial Mediterranean fe-
ver (FMF) had delayed his treatment for the last seven
months and a cytotoxic lesion developed after a mild
respiratory infection. In addition, it developed secondary
to metabolic decompensation after acute tonsillitis in a
patient with a known diagnosis of Maple Syrup Disease.

Except for infection-related lesions, metabolic decom-
pensation due to diabetes mellitus was found as an eti-
ological factor in three patients (10.3%). Metabolic de-
compensation (osmotic demyelination) due to uremia
was detected in one patient. Subarachnoid hemorrhage
was determined as etiological factor in one patient and
post-traumatic injury in one patient. Asthma attack, high-
dose lithium-levetiracetam intake and discontinuation of
anti-epileptic drug (drug withdrawal) were responsible
for cytotoxic lesions in the remaining 3 patients.

DISCUSSION

Transient splenial lesions were first described by Chason
et al. in 1996 in epilepsy patients (3). The actual mech-
anism in the formation of these lesions has not been
fully elucidated. Some researchers have thought that it
develops due to the involvement of crossing white mat-
ter fibers from the temporal lobes in the splenium. They
suggested that this mechanism is caused by focal ede-
ma that develops due to the temporary deterioration of
the blood-brain barrier in the splenium in the postictal
period after epileptic seizures (3,9). Kim et al. attributed
these lesions to transient demyelination induced by an-
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Figure 1: Cytotoxic splenial lesion. A) Increased signal intensity on axial plane Diffusion
Weighted Image in the middle part of the splenium (arrow) B) ADC map shows low signal
intensity on the same localization (arrow) C) T2 axial image show mildly hyperintensity (arrow)
eight days control show normalization on DWI (arrow head) (D), ADC (E) and T2 (F) axial images

Figure 2: 34-year-old female images A) Acute diffusion restriction in the middle part of the splenium (yellow arrow), B)
diffusion restriction in the bilateral centrum semiovale (yellow aterisks) C,D) Normalization is seen in the control diffusion
images after 20 days, E') ADC map in the splenium (white arrow) indicates low signal intensity on her first MRI and F)
indicates low signal intensity in bilateral centrum semiovale (red asterisks), G,H) after 20 days control ADC maps show
normalization in splenium and bilateral centrum semiovale
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ti-epileptic drug toxicity (4). As another possible putative
mechanism, transient extrapontine osmotic myelinolysis
caused by sodium and glucose imbalance due to toxic-
ity, hypersensitivity or drug withdrawal of anti-epileptic
drugs has been reported (10,11). Mild encephalopathy
with transient splenial lesion (mild encephalitis/enceph-
alopathy with reversible isolated splenial corpus callo-
sum lesion (MERS)) is a clinical and neuroradiological
syndrome with a good prognosis that has been used to
describe a similar entity in the literature (5,7).

Nowadays, instead of the term transient splenial lesion,
these lesions have started to be named cytotoxic lesions
of the corpus callosum, which is a more inclusive term.
Today, it is known that the splenium region of the cor-
pus callosum has a higher density of cytokine, glutamate,
drug and toxin receptors compared to other regions of
the brain. For this reason, it has been reported in many
studies that the splenium region of the corpus collosum
is more sensitive to cytokineopathy (12). The widely ac-
cepted theory for CLOCC is that cytokine-mediated im-
munological reactions cause microvascular endothelial
damage, causing perivascular-intramyelinic edema, in-
flammatory cell migration and associated cytotoxic ede-
ma (6). CLOCCs are nonspecific lesions that are usually
centrally located in the splenium of the corpus callosum,
oval, homogeneous, non-hemorrhagic, non-contrast,
hyperintense on FLAIR and T2W images, slightly hy-
pointense on TTW images, and with marked focal diffu-
sion restriction on diffusion-weighted examination (8).

It is usually detected as an incidental finding in cranial MR
imaging performed in patients presenting with enceph-
alopathy, encephalitis or seizure complaints. Its etiology
has been associated with a wide spectrum of diseases
such as drug withdrawal of antiepileptic drug therapy, in-
fection (influenza, EBV, adenovirus, varicella zoster, legio-
nella pneumonia, rotavirus, HIV, tuberculous meningitis),
malaria, malignancy, trauma, subaracnoid hemorrage,
metabolic disorders (hypoglycemia, electrolyte imbal-
ance) and hemolytic uremic syndrome (3-6).

Callosal cytotoxic lesions due to various infections devel-
oped in 20 (68.9%) of our patients. Meningitis was found
as the etiological cause in four of our cases. Three of them
were serology and culture negative meningitis and one
was Listeria monocytogenes meningitis. One patient was
diagnosed with cerebellitis of unknown etiology. Except
these 5 patients, we did not detect direct central nervous
system involvement in the other 15 patients which was
associated with infection. Diabetic decompensation was
found in three patients and uremic decompensation in
one patient. Subarachnoid hemorrhage, asthma attack,
trauma, high-dose lithium-levetiracetam intake and an-
tiepileptic drug withdrawal were responsible for the re-
maining patients.

All patients included in the study showed clinical im-
provement without any deficits after appropriate treat-
ments for the etiological factors. The clinic of the patients
whose etiological factors were related to secondary in-
fections returned to normal in a short time and no per-
manent deficits developed. In addition, radiological find-
ings returned to normal in all patients except two who
presented with diabetic ketoacidosis and one who pre-
sented with trauma. In these three patients, the splenial
lesions healed with sequelae gliosis without any clinical
deficit. We observed that many etiological factors played
arole in our cases, as stated in different literatures. Trying
to reveal the etiological cause with clinical and laboratory
findings is important in terms of applying the appropriate
treatment.

MR imaging findings of callosal cytotoxic lesions are from
demyelinating diseases such as acute disseminated en-
cephalomyelitis (ADEM) or multiple sclerosis (MS); it can
be easily distinguished by the fact that generally it is a
single lesion on the middle part of the splenium, and the
absence of a prominent inflammatory margin. It has been
described in the literature that in some cases, splenial le-
sions may extend to the lateral parts of the corpus callo-
sum and lesions may occur in both frontoparietal regions
(13). In this case, demyelinating diseases such as ADEM
and pathologies such as progressive reversible enceph-
alopathy should be excluded with clinical and laboratory
findings in the differential diagnosis.

Involvement was observed only in the midline of the
splenium in 16 patients (55.1%). Three patients had
splenial involvement outside the splenium midline (left
paramedian, right lateral part and bilateral lateral part
involvement). Six patients had midline splenium and
accompanying paramedian and/or lateral segment in-
volvement. As extracallosal involvement, leptomeninge-
al enhancement in a patient with meningitis, cerebellum
involvement in one patient in the following few days,
bilateral centrum semiovale involvement in one patient,
corpus callosum genu and centrum semiovale involve-
ment in one patient, bilateral thalamus and globus palli-
dus involvement in one patient, corpus callosum corpus
involvement and subcortical white matter involvement-
compatible with axonal damage in one patient. Acute
ischemic stroke should not be considered primarily in
the differential diagnosis because of its incompatibility
with the lesion localization, features, and vascularization
territory. Recognition of the lesion radiologically and
clinically is important for differential diagnosis. In the
literature, it has been reported that MR findings quickly
return to normal, but it is found in cases that last up to
three months. In our patient group, it was observed that
the lesions returned to normal between 6 days and 8
months in 16 of 20 patients who were under control. In
three patients, the splenial lesions healed with sequelae
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gliosis. In one patient, partial involution was observed in
the 2 month follow-up MRI.

Since it is a retrospective study, the inaccessibility of con-
trol MRI scans of all patients and the fact that the existing
control images were not performed at regular intervals
make it difficult to follow the true evolution of the lesions
over time and make it difficult to predict the actual re-
covery time. This is one of the major weaknesses of the
study. Prospective studies are needed to fully reveal the
etiology of the indicated callosal cytotoxic lesions and to
monitor the imaging findings in real time.

In conclusion, cytotoxic lesions of the corpus callosum
are nonspecific MR imaging findings and they are associ-
ated with many underlying entities. The prognosis is gen-
erally good. It is important to be aware of the MRI find-
ings of these lesions and to know that they are secondary
lesions. The broad clinical spectrum associated with the
lesion should be known for the identification and elimina-
tion of the underlying true etiology and for appropriate
clinical management.
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