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Abstract
Objective—Focal lesions limited to the
splenium of the corpus callosum (SCC)
are rare and little is known about their
aetiology. Three patients were examined
for presurgical evaluation in epilepsy with
a transient lesion in the SCC and a patho-
physiological hypothesis is presented.
Methods—Three patients were identified
with a circumscribed lesion in the centre
of the corpus callosum. Follow up MRI
was performed, the medical records ex-
amined retrospectively, and the literature
reviewed.
Results—The patients showed identical
lesions in the SCC with reduced T1 and
increased T2 signal intensity and an unaf-
fected marginal hemline of a few mm.
Patients were asymptomatic and control
MRIs showed complete normalisation
within 2 months. Patients had been
treated with antiepileptic drugs (AEDs)
without signs of toxicity. In all patients
AEDs were rapidly reduced for diagnostic
purposes, but only one had psychomotor
seizures, 5 days before imaging.
Conclusions—A transient lesion in the
SCC has so far only been described in 13
patients with epilepsy and has been inter-
preted either as reversible demyelination
due to AED toxicity or transient oedema
after secondary generalised seizures. The
data confirm neither of these hypotheses. A

transient lesion in the SCC seems to be a
non-specific end point of diVerent disease
processes leading to a vasogenic oedema.
This suggests, in these patients, a multifac-
torial pathology triggered by transient
eVects of AEDs on arginine vasopressine
and its function in fluid balance systems in
a condition of vitamin deficiency. The
complete and rapid reversibility in all cases
without specific intervention is emphasised
and any invasive diagnostic or therapeutic
approach is discouraged.
(J Neurol Neurosurg Psychiatry 2001;70:459–463)
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Focal imaging abnormalities of the corpus cal-
losum are rare but have been described in vari-
ous clinical conditions. We have detected a cir-
cumscribed lesion confined to the splenium of
the corpus callosum in three patients during
presurgical evaluation of therapy for refractory
epilepsy. An identical lesion has been reported,
but the pathophysiological mechanisms have
not been identified.1–2 We have reviewed the lit-
erature on splenial lesions and present a new
hypothesis about the underlying mechanisms.

Case reports
PATIENT 1

A 34 year old woman had an unclassified
epilepsy syndrome with partial and generalised

Figure 1 Circumscribed lesion of the corpus callosum in a 34 year old woman with epilepsy (patient 1), detected after 10
seizure free days of video-EEG monitoring and withdrawal of phenytoin therapy. The lesion is confined to the central areas
of the splenium and shows a hypointense signal on T1 weighted images (left) and a hyperintense signal on T2 weighted
images (right).
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features. Her history was otherwise unremark-
able with the exception of eight pregnancies in
a period of 10 years.

During non-invasive monitoring for 10 days
she did not show any ictal event and her EEG
was normal even though we had stopped
phenytoin medication (serum concentration
21.8 mg/l). Brain MRI showed a hypointense
signal in the splenium of the corpus callosum
on the T1 weighted and inversion recovery
scans that was hyperintense in the T2 weighted
as well as in FLAIR images (fig 1).

These characteristics suggested an abnor-
mally high water content in these areas. The
lesion was not associated with further white
matter abnormalities and left about 2 mm of
the marginal area around it unaVected. The
lesion was asymptomatic and transient disap-
pearing within a few weeks without any specific
intervention. Brain MRI taken 1 year before
had been completely normal. A diagnostic
investigation did not disclose any neurological
symptom and routine laboratory tests, includ-
ing CSF analysis and a search for typical CNS
infections, were all normal. Brain CT obtained
17 days after the detection of the lesion was
normal and another MRI 5 days later demon-
strated complete disappearance of the lesion.

PATIENT 2

This 34 year old man had four to six epileptic
seizures a year. They started with prolonged
auras and progressed to generalised tonic-
clonic seizures. During 10 days of monitoring
the EEG showed left and right temporal slow-
ing and rare sharp waves over the right tempo-
ral region. He had no seizure despite with-

drawal of phenytoin (serum concentration 9.3
mg/l) and lamotrigine (serum concentration
0.47 mg/l). Brain MRI 2 days after the start of
a carbamazepine therapy showed an identical
splenial lesion as patient 1 (fig 2) as well as a
right temporal tumour and an arachnoid cyst in
the left anterior temporal region.

Routine laboratory tests showed increased
serum liver enzymes (ALT 52 U/l, GGT 558
U/l) and megalocytic erythrocytes (mean
corpuscular volume 93.8 fl). The patient
reported prior alcohol misuse but had allegedly
stopped the misuse years before. Brain MRI 6
months later demonstrated that the splenial
lesion had completely resolved without inter-
vention.

PATIENT 3

This 33 year old patient had a temporal lobe
epilepsy due to right hippocampal sclerosis. He
had complex partial seizures with auras.
Routine laboratory tests showed megalocytic
eythrocytes (mean corpuscular volume 98.9 fl).
During the presurgical evaluation we stopped
carbamazepine medication (serum concentra-
tion 8.7 mg/l) and reduced primidone (serum
concentrations: primidone 2.8 mg/l; phenobar-
bital 8.9 mg/l). After several days the patient
had six short psychomotor seizures within 24
hours. We increased the dose of primidone and
found raised serum concentrations 4 days later
(primidone 12.2 mg/l; phenobarbital 11.2
mg/l). That day we also performed MRI that
demonstrated a lesion in the splenium similar
to that of patients 1 and 2. Eight weeks later
MRI disclosed complete resolution with un-

Figure 2 Circumscribed lesion of the corpus callosum in a 34 year old man with symptomatic focal epilepsy (patient 2),
detected after 10 seizure free days of video-EEG monitoring and changes of anticonvulsive medication. Note the unaVected
marginal hemline.

Summary of clinical findings in three patients with transient splenial lesion

Patient Sex Age (y) Epilepsy syndrome Aetiology
Seizures
(10 days before MRI)

Medication
(serumconcentration
changes*)

1 F 34 Unclassified partial and general features Unclear None PHT ↓
2 M 34 Symptomatic focal epilepsy Right temporal tumour None PHT ↓ / CBZ ↑
3 M 33 Temporal lobe epilepsy Right hippocampal sclerosis Six psychomotor seizures PRM ↑

*Serum concentration changes before MRI acquisition (documented or extrapolated).
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changed medication. A summary of results for
the three patients is shown in the table.

Discussion
A circumscribed lesion in the splenium of the
corpus callosum is a rare finding and little is
known about its aetiology. We describe three
patients with diVerent epilepsy syndromes and
diVerent seizure types, each showing an identi-
cal lesion in the splenium. Patients had a
normal clinical neurological status and we
could demonstrate spontaneous resolution of
the lesions within 8 weeks in two of them. We
cannot exclude a mild disconnection syn-
drome, but the rapid and spontaneous nor-
malisation of the MR findings makes severe
neuronal functional deficits unlikely.

A similar lesion has already been described
in 13 epileptic patients. Chason et al described
seven patients with temporal lobe epilepsy
examined during presurgical evaluation.1 They
interpreted the lesion as transient focal oedema
due to transcallosal seizure spread in secondary
generalised seizures. The history of our pa-
tients does not confirm this hypothesis, as none
of the patients had a secondarily generalised
seizure in the relevant period before imaging.
In addition, the role of the corpus callosum in
secondarily generalised seizures with an epilep-
togenic focus in the temporal lobe is controver-
sial.3

Kim et al reported the same lesion in six
patients with focal epilepsy but without a
detailed description of the clinical conditions
under which the MRI was obtained.2 They
classified the finding as demyelination and
hypothesised that anticonvulsive drug toxicity
could be the cause. Particularly, they attributed
higher phenytoin doses or vigabatrin medi-
cation to the phenomenon and ascribed the
reversibility, found in the two patients who
were reexamined with MRI, to the withdrawal
of their medication. The clinical records of our
patients do not support this hypothesis either
and we agree with Tennison that various points
in this theory lack evidence and plausibility.4 So
far, a lesion confined to the splenium has been
described in 16 epileptic patients by three
independent groups that accordingly reported
no clinical signs and complete reversibility of
this alteration.

Transient focal lesions in patients with
epilepsy have been described after focal status
epilepticus and exceptionally after single sei-
zures and were interpreted as focal brain
oedema.5–9 In all cases it was predominantly
located within the grey matter and never in the
corpus callosum. Oedema in the corpus
callosum as part of more widespread white
matter lesions has been shown in hypertensive
encephalopathy,10 in eclampsia, and in cerebral
malaria.11–12 Focal oedema in the corpus callo-
sum is also a typical finding in post-traumatic
MR studies, most commonly within the poste-
rior body and splenium.13–15

Similar lesions, however, which show the
same preponderance in the splenium, have only
been described twice. Ogura et al reported an
identical lesion in a 7 year old girl with
haemolytic-uraemic syndrome and mild en-

cephalopathy that also showed rapid spontane-
ous normalisation.16 This syndrome is known
to be a microangiopathic disorder and there is
little doubt that the findings represent a focal
brain oedema.

The splenium was also shown to be a predi-
lection site for white matter oedema in a series
of nine men with high altitude cerebral
oedema.17 In these severely symptomatic pa-
tients the splenial abnormalities were part of
more widespread lesions, but the authors noted
a very strong preponderance of splenial mani-
festations. There is convincing evidence that in
acute mountain sickness these lesions repre-
sent a vasogenic oedema.17–20

In summary, a transient lesion in the
splenium of the corpus callosum seems to be a
non-specific end point of diVerent disease
processes leading to a vasogenic oedema.

It is noteworthy that our patients as well as
the seven patients reported by Chason et al had
undergone presurgical seizure monitoring be-
fore imaging.1 Among all patients with epilepsy
examined by MRI, only a minority had
undergone seizure monitoring before, but this
situation is reported in a clear majority of the
patients who show the splenial lesion. For that
reason, the specific conditions of seizure moni-
toring might be associated with this finding.
Seizure frequency and the rate of secondarily
generalised seizures is commonly higher during
monitoring, hypothesised as being the underly-
ing cause by Chason et al.1 However, the data of
our seizure free patients disprove this concept.
Additionally, withdrawal and redosing of drugs
is performed more abruptly during monitor-
ing. This could contribute to transient oedema
mediated by the influence of anticonvulsive
drugs (AEDs) on fluid-balance systems,
namely, arginine-vasopressin (AVP). It has
been demonstrated that AVP regulates regional
cerebral blood flow,21 influences brain water
content, and can contribute to brain oedema
formation.22–23 DiVerent AEDs have been
shown to interact with AVP.24 Both clinical
experience and experimental studies showed
that carbamazepine can enhance the antidiu-
retic eVect of AVP.25–27 The reduction of serum
AVP concentrations after several weeks of car-
bamazepine therapy25–26 can thus be interpreted
as an adaptive reaction of the fluid balance sys-
tem to the influence of carbamazepine. It was
also shown that phenytoin injections can
antagonise the antidiuretic eVect of AVP, an
eVect that was not seen with continuous oral
phenytoin therapy and was attributed to rapid
achievement of high serum concentrations.28 In
conclusion, there is evidence that in continuous
AED therapy the fluid balance system adapts
to the influences of anticonvulsive agents. We
hypothesise, however, that in a situation of
abrupt serum concentration changes, there
might be a short period of dysequilibrium
causing a syndrome of inappropriate antidiure-
sis that could contribute to brain oedema in a
predelection site. In our patients, falling serum
concentrations of phenytoin (patients 1 and 2)
and rising concentrations of carbamazepine
(patient 2) both could have caused enhanced
AVP eVects. For patient 3, it is remarkable that
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primidone was shown to have a similar
influence on AVP serum concentrations as car-
bamazepine.24 This concept could be tested by
performing a water loading test in patients
while making changes in their anticonvulsive
medication.

Concepts about pathophysiological mecha-
nisms for a transient brain oedema cannot
explain the localisation of our findings if we do
not assume that the splenium of the corpus
callosum is especially sensitive to vasogenic
oedema. Studies about post-traumatic lesions
in the corpus callosum generally explain the
prevalence of callosal injury by its vulnerability
to shearing forces.13–14 As this mechanism
seems unlikely in our patients, it is of particular
interest that altered vasopressin concentrations
and a syndrome of inappropriate antidiuresis
are well documented complications after brain
trauma.29–31 Anatomical studies in the corpus
callosum did not find a diVerent fibre density
or principally diVerent fibre composition in the
splenium compared with other regions of the
corpus callosum.32–34 Kakou et al described the
splenium as the only region where the
vertebrobasilar system intervenes in the vascu-
larisation of the corpus callosum that is prima-
rily supplied by the carotid system.35 In our
opinion, none of these data can explain a
special vulnerability of the splenium towards
focal oedema.

In fact, we suppose that if not based on indi-
vidual susceptibility, the splenial lesions in our
patients can only be interpreted as a conse-
quence of a multifactorial pathology. Further
investigation could be guided by the pathologi-
cal mechanisms in Marchiafava-Bignami dis-
ease, which shows an identical pattern of
central demyelination in the splenium.36–38 This
disease is thought to be a multifactorial
process, probably mediated by vitamin defi-
ciency.37 It is noteworthy that all our patients
presented with risk factors or signs of vitamin
deficiency apart from the general risk associ-
ated with their anticonvulsive medication.
Patient 1 reported eight pregnancies within a
period of 10 years before we detected the
lesion, a situation that often causes vitamin
deficiency, especially low folate concentrations.
Patient 2 showed markedly increased liver
function tests and megalocytic erythrocytes, a
typical sign of vitamin B12 or folate deficiency.
In patient 3 laboratory tests found megalocytic
erythrocytes. So in all our cases, a vitamin defi-
cient status is likely, but not proved.

A similar multifactorial aetiology based on
vitamin deficiency with additional trigger
mechanisms has also been hypothesised for
central pontine myelinolysis, another demyeli-
nating disease often associated with alcohol
misuse.39–41 This concept is supported by a
report of a 15 month old boy with severe folate
deficiency who had central pontine myelinoly-
sis after mild hyponatremia.42

In conclusion, vitamin deficiency is probably
a condition that facilitates white matter
oedema and demyelination. The predilection
site and form of manifestation—for example,
pontine, extrapontine, or splenial lesion—
would, however, be determined by various spe-

cific trigger mechanisms. More clinical data
about other patients are required to test these
hypotheses.

This work was supported by a grant from the Deutsche Forsc-
hungsgemeinschaft (DFG-Eb 111/2–2).

1 Chason DP, Fleckenstein JL, Ginsburg MI, et al. Transient
splenial edema in epilepsy:MR imaging evaluation. Proceedings
of the 34th annual meeting of the American Society of Neurora-
diology; June 21–27 1996, Seattle, WA, USA. Chicago: Old
Smith Printers, 1996.

2 Kim SS, Chang KH, Kim ST, et al. Focal lesion in the sple-
nium of the corpus callosum in epileptic patients:
antiepileptic drug toxicity? Am J Neuroradiol 1999;20:125–
9.

3 Gotman J. Seizure spread. In: Lüders H, ed. Epilepsy surgery.
New York: Raven: 1991:349–54.

4 Tennison M. Focal lesion in the splenium of the corpus cal-
losum in epileptic patients: antiepileptic drug toxicity?
[commentary]. Am J Neuroradiol 1999;20:131–2.

5 Kramer RE, Lüders H, Lesser RP, et al. Transient focal
abnormalities of neuroimaging studies during focal status
epilepticus. Epilepsia 1987;28:528–32.

6 Henry TR, Drury I, Brunberg JA, et al. Focal cerebral mag-
netic resonance changes asociated with partial status
epilepticus. Epilepsia 1994;35:35–41.

7 Tuxhorn I, Holthausen H, Ebner A, et al. Reversible cortical
oedema mimicking cortical dysplasia in mitochondrial dis-
order. J Neurol Neurosurg Psychiatry 1994;57:1439.

8 YaVe K, Ferriero D, Barkovich AJ, et al. Reversible MRI
abnormalities following seizures. Neurology 1995;45:104–8.

9 Silverstein AM, Alexander JA. Acute postictal cerbral imag-
ing. Am J Neuroradiol 1998;19:1485–8.

10 Hauser RA, Lacey DM, Knight MR. Hypertensive encepha-
lopathy. Arch Neurol 1988;45:1078–83.

11 Ito T, Sakai T, Inagawa S, et al. MR angiography of cerebral
vasospasm in preeclampsia. Am J Neuroradiol 1995;16:
1344–6.

12 Cordoliani YS, Sarrazin JL, Felten D, et al. MR of cerebral
malaria. Am J Neuroradiol 1998;19:871–4.

13 Tokutomi T, Hirohata M, Miyagi T, et al. Posttraumatic
edema in the corpus callosum shown by MRI. Acta Neuro-
chir (Wien) 1997;70(suppl):80–3.

14 Cecil KM, Hills EC, Sandel ME, et al. Proton magnetic
resonance spectroscopy for detection of axonal injury in the
splenium of the corpus callosum of brain-injured patients.
J Neurosurg 1998;88:795–801.

15 Mendelsohn DB, Levin HS, Harward H, et al. Corpus callo-
sum lesions after closed head injury in children: MRI, clini-
cal features and outcome. Neuroradiology 1992;34:384–8.

16 Ogura H, Takaoka M, Kishi M, et al. Reversible MR
findings of hemolytic uremic syndrome with mild encepha-
lopathy. Am J Neuroradiol 1998;19:1144–5.

17 Hackett PH, Yarnell PR, Hill R, et al. High-altitude cerebral
edema evaluated with magnetic resonance imaging. JAMA
1998;280:1920–5.

18 Klatzko I. Pathophysiological aspects of brain edema. Acta
Neuropathol 1987;72:236–9.

19 Moody DM, Bell MA, Challa VR. The corpus callosum, a
unique white-matter tract: anatomic features that may
explain sparing in Binswanger disease and resistance to
flow of fluid masses. Am J Neuroradiol 1988;9:1051–9.

20 Moody DM, Bell MA, Challa VR. Features of the cerebral
vascular pattern that predict vulnerability to perfusion or
oxygenation deficiency: an anatomic study. Am J Neurora-
diol 1990;11:431–9.

21 Tsugane S, Suzuki Y, Takayasu M, et al. EVects of
vasopressin on regional cerebral blood flow in dogs. J Auton
Nerv Sys 1994;49:S133–6.

22 Doczi T, Szerdahelyi P, Gulya K, et al. Brain water accumu-
lation after central administration of vasopressin. Neurosur-
gery 1982;11:402–7.

23 Raichle ME, Grubb RL. Regulation of brain water
permeability by centrally-released vasopressin. Brain Res
1978;143:191–4.

24 Krause KH, Rascher W, Berlit P. Plasma arginine vaso-
pressin concentrations in epileptics under monotherapy. J
Neurol 1983;230:193–6.

25 Stephens WP, Coe JY, Baylis PH. Plasma arginine
vasopressin concentrations and antidiuretic action of
carbamazepine. BMJ 1978;i:1445–7.

26 Soelberg Sørensen P, Hammer M. EVects of long-term car-
bamazepine treatment on water metabolism and plasma
vasopressin concentration. Eur J Clin Pharmacol 1984;26:
719–22.

27 Sordillo P, Sagransky DM, Mercado R, et al.
Carbamazepine-induced syndrome of inappropriate anti-
diuretic hormone secretion. Arch Intern Med 1978;138:
299–301.

28 Fichman MP, Kleeman CP, Bethune JE. Inhibition of anti-
diuretic hormone secretion by diphenylhydantoin. Arch
Neurol 1970;22:45–53.

29 Padilla G, Leake JA, Castro R, et al. Vasopressin levels and
pediatric head trauma. Pediatrics 1989;83:700–5.

30 Born JD, Hans P, Smitz S, et al. Syndrome of inappropriate
secretion of antidiuretic hormone after severe head injury.
Surg Neurol 1985;23:383–7.

31 Doczi T, Tarjanyi J, Huzska E, et al. Syndrome of
inappropriate secretion of antidiuretic hormone (SIADH)
after head injury. Neurosurgery 1982;10;685–8.

462 Polster, Hoppe, Ebner

www.jnnp.com

http://jnnp.bmj.com


32 Aboitiz F, Scheibel AB, Fisher RS, et al. Fiber composition of
the human corpus callosum. Brain Res 1992;558:143–53.

33 Highley JR, Esiri MM, McDonald B, et al. The size and fibre
composition of the corpus callosum with respect to gender
and schizophrenia: a post-mortem study. Brain 1999;122:
99–110.

34 Lamantia AS, Rakic P. Cytological and quantitative charac-
teristics of four cerebral commissures in the rhesus
monkey. J Comp Neurol 1990;291:520–37.

35 Kakou M, Velut S, Destrieux C. Vascularisation artérielle et
veineuse du corps calleux. Neurochirurgie 1998;4(suppl
1):31–7.

36 Ferracci F, Conte F, Gentile M, et al. Marchiafava-Bignami
disease. Arch Neurol 1999;56:107–10.

37 Gabriel S, Groâmann A, Höppner J, et al. Marchiafava-
Bignami-Syndrom. Nervenarzt 1999;70:349–56.

38 Heepe P, Nemeth L, Brune F, et al. Marchiafava-Bignami
disease. European Archives of Psychiatry and Neurolscience
1988;237:74–9.

39 Ghatak NR, Hadfield MG, Rosenblum WI. Association of
central pontine myelinolysis and Marchiafava-Bignami dis-
ease. Neurology 1978;28:1295–8.

40 Strohmaier A, Fink GA, Hüppe T, et al. Verlauf einer zent-
ralen pontinen Myelinolyse mit klinischer Erholung. Radi-
ologe 1995;35:294–6.

41 Sterns RH, Riggs JE, Schochet SS. Osmotic demyelination
syndrome following correction of hyponatremia. N Engl J
Med 1986;314:1535–42.

42 Ramaekers VT, Reul J, Kusenbach G, et al. Central pontine
myelinolysis associated with acquired folate depletion.
Neuropediatrics 1997;28:126–30.

www.jnnp.com

For just $8 you can purchase the full text of individual articles using our secure online ordering service.

You will have access to the full text of the relevant article for 48 hours during which time you may

download and print the pdf file for personal use.

Pay per view

Want full text but don't have

a subscription?

Transient lesion in the splenium of the corpus callosum 463

www.jnnp.com

http://jnnp.bmj.com

