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Purpose: To evaluate the reversible restricted diffusion in the corpus callosum in
pediatric patients with clinical findings, and to discuss the possible pathogenesis of
these lesions.

Materials and Methods: Between 2007 and 2011, seven children with reversible sig-
nal abnormalities in the corpus callosum were identified and retrospectively reviewed.
Results: Diseases and conditions associated with lesions included: trauma (n = 3),
neonatal seizure (n = 1), clinically suspected mild encephalopathy (n = 1), multiple
sclerosis (n = 1), and seizure with subdural hygroma (n = 1). The callosal lesions
were located in the splenium and the genu (n = 2), the splenium and the body (n =
1), and the splenium only (n = 4). The shape of the lesions was round-to-ovoid (n =
4) or linear (n = 3). Follow-up MRI scans showed completely resolved (n = 6) or per-
sistent (n = 1) signal abnormalities on diffusion-weighted imaging as well as appar-
ent diffusion coefficient mapping. Clinical outcomes were good in six of the patents
but poor in the seventh.

Conclusion: Reversible restricted diffusion in the corpus callosum can develop in
various diseases. Knowledge of the MRI findings and associated diseases might be
helpful in predicting patients' conditions and clinical outcomes.
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INTRODUCTION

The corpus callosum (CC), the main tract connecting the
two cerebral hemispheres, forms the largest commissural white
matter bundle in the brain, with some 200 million axons (1).
The structural role of the CC is the interhemispheric transfer of
auditory, visual, sensory, and motor information relevant to
multiple cognitive processes (1).

Reversible restricted diffusion in the corpus callosum has
been found to be associated with the administration or rapid
withdrawal of antiepileptic drugs in patients with seizure, in-
fectious encephalopathy such as influenza, rotavirus, or O-157
Escherichia coli, neonatal hypoglycemia, multiple sclerosis

(MS), trauma, and drug toxicity (1-10). According to a previ-
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ous report, complete clinical regression of the underlying
diseases or conditions leads to the disappearance of these le-
sions (11).

The purpose of this study is to evaluate the reversible restrict-
ed diffusion in the corpus callosum in pediatric patients with
clinical findings and to discuss the possible pathogenesis of

these lesions.

MATERIALS AND METHODS

Patients
Between January 2007 and November 2011, 9933 pediatric
patients underwent brain MRI in two tertiary university hospi-

tals in Korea. We recruited 27 patients who revealed restricted
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diffusion in the CC. Among them, 7 who underwent follow-up
MRI were enrolled in the study. The MRI results of 7 of the cas-
es (five boys and two girls; age range, 0-19 years; mean age, 8.6
years) were retrospectively reviewed with patients’ symptoms,
clinical histories, medications, laboratory findings, clinical di-

agnoses, and prognoses.

MR Imaging and Image Analysis

All scanning was performed using a 1.5 T or 3.0 T MRI scan-
ner (Signa HDxt; GE Healthcare, Milwaukee, W1, USA) in one
hospital and a 1.5 T MRI scanner (Gyroscan Intera; Philips
Healthcare, Las Vegas, NV, USA) or 3.0 T MRI scanner (Achie-
va; Philips Healthcare) in the other. Sedating agents were used
when necessary. The MRI protocol included T1-weighted (T1-
W) spin-echo with or without contrast agents, T2-weighted
(T2-W) fast spin-echo, fluid-attenuated inversion-recovery
(FLAIR), diffusion-weighted imaging (DWT), and apparent dif-
fusion coefficient (ADC) mapping. Diffusion-weighted images
were acquired at a b value of 1000 s/mm?.

Magnetic resonance (MR) images of all these children were
assessed by two experienced board-certified pediatric neurora-
diologists and one resident. All images were reviewed individu-
ally. We defined reversible restricted diffusion in the CC as high
signal intensity (SI) lesions on DWI and low SI lesions on an
ADC map in the CC, with or without corresponding signal
changes on T1-W, T2-W, or FLAIR images, which had disap-
peared on all sequences during the follow-up study. Upon fol-
low-up MRI, we analyzed MRI findings, such as location and
shape of the CC lesions, signal abnormalities on DWI, and an
ADC map with signal changes. Conventional T1- and T2-W

images were reviewed to assess pre- and coexisting parenchy-

mal lesions or other brain diseases. Additionally, clinical diag-
noses and outcomes were reviewed and compared to the MRI

findings for the seven patients.

RESULTS

Clinical Outcome of Patients

Table 1 lists the details of the clinical data for the seven pa-
tients. Clinical data were analyzed retrospectively, with particu-
lar attention to identifying the etiology of the lesions. The chil-
dren’s symptoms, which prompted MRI, included: drowsy to
stuporous mentality in three of the patients (cases 1-3), seizures
in two (cases 4, 7), headache with fever in one (case 5), and
nausea with vomiting in another (case 6). Diseases and condi-
tions associated with the lesions included trauma in three pa-
tients (cases 1-3), neonatal seizure (case 4), clinically suspected
mild encephalopathy (case 5), MS (case 6), and seizure with
subdural hygroma (case 7). Clinical outcomes were good in six

patents (cases 1-6), but poor in one (case 7).

MRI Findings
Table 2 lists the details of MRI findings for the seven patients.

Location and Shape

The callosal lesions were located in both the splenium and
the genu in two patients (cases 1, 2) (Fig. 1), the splenium and
the body in one patient (case 3) (Fig. 2), and the splenium only
in four patients (cases 4-7) (Figs. 3-6). All of the cases involved
the splenium. The shape of the lesion was round-to-ovoid in
four patients (cases 1, 3, 5, 6) (Figs. 1, 2, 4, 5) and linear in three
patients (cases 2, 4, 7) (Figs. 3, 6).

Table 1. Summary of Clinical Data for Patients with Corpus Callosum Lesions

Patient No. Age/Gender Initial Symptom Diseases and Conditions Treatment Clinical Outcome

1 4 yr[M Drowsy mentality Trauma by TA Conservative Good

2 9 yr/M Drowsy mentality Trauma by TA Conservative Good

3 14 yr(F Stuporous mentality ~ Trauma by TA Conservative Good

4 3d/M Seizure Neonatal seizure Phenobarbital Good

5 14 yr/M Headache, fever Clinically mild encephalopathy ~ Vancomycin Good

6 19 yr/M Nausea, vomiting Multiple sclerosis Steroid pulse therapy with Relapsing and remitting
interferon

7 3 mofF Repeated seizures Seizure with subdural hygroma  Phenobarbital and phenytoin ~ Burr-hole drainage due to

aggravated subdural hygroma

Note.—d = day, F = female, M = male, mo = months, No = number, TA = traffic accident, yr = years
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Table 2. MRI Findings for Patients with Corpus Callosum Lesions

Patient T2-Wil or Follow-Up MRI;
Initial MRI Location Shape DWI ADC T1-WiI Other Lesions Interval between
No. FLAIR e
Initial MRI
1 7d Splenium and genu  Tiny ovoid ~ H L H L Subdural hygroma and hemorrhagic foci 6 mo
2 10d Splenium and genu  Linear H L H L Hemorrhagic foci in both frontal lobes 2 mo
3 9d Splenium and body Round H L H L Hemorrhagic contusion in left frontal lobe 17 mo
4 2d Splenium Linear H L I I Microhemorrhage in both parietal lobes 17d
5 2d Splenium Round H | H L 1mo
6 1d Splenium Round H L H L Multiple sclerosis involving BG, PVWM of 17 mo
left parietal lobe
7 6d Splenium Linear H L H L Subdural hygroma 1 mo

Note.—ADC = apparent diffusion coefficient, BG = basal ganglia, d = days, DWI = diffusion-weighted imaging, FLAIR = fluid-attenuated inversion-recovery,
H = high signal, | = iso-signal, L = low signal, mo = months, No = number, PYWWM = periventricular white matter, W = weighted image, - = negative finding

D

Fig. 1. A 4-year-old boy with drowsy mentality caused by motorcar accident (case 1). Initial MRI (A-C) shows well-defined, tiny, ovoid-shaped
bright Sl lesions (arrows) on DWI (A) in the genu and the splenium, dark SI (arrow) on an ADC map (B) in the genu of the corpus callosum. T2-
WI (C) shows high Sl lesions in the genu and the splenium (arrows) and crescentic subdural hygroma in the left frontal region (arrowhead).
Multiple hemorrhagic foci were observed in the left cerebellum and pons, on gradient echo imaging, and cerebral contusions were observed in
the right frontal and left parietal lobes (not shown). Follow-up MRI (D-F) after 6 months shows complete resolution of signal abnormalities on
all sequences.

Note.—ADC = apparent diffusion coefficient, DWI = diffusion-weighted imaging, SI = signal intensity, T2-WI| = T2-weighted image
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F

Fig. 2. A 14-year-old girl with stuporous mentality following a motorcycle traffic accident (case 3). Initial MRI (A-C) shows multifocal nodular
high Sl lesions (arrow) on DWI (A) and low SI (arrow) on an ADC map (B) in the splenium and the body of the corpus callosum. FLAIR imaging
(C) shows high SI lesions in the splenium and the body (arrow), with hemorrhagic contusion in the left frontotemporal cortex (arrowhead).
Follow-up MRI (D-F) after 17 months shows complete resolution of signal abnormalities on all sequences.

Note.—ADC = apparent diffusion coefficient, DWI = diffusion-weighted imaging, FLAIR = fluid-attenuated inversion-recovery, Sl = signal intensity

Signal Abnormalities

All patients exhibited a high SI on DWI, while six of the seven
showed a low SI on the ADC map in the CC (Figs. 1-6). Only
one patient (case 5) showed an iso-SI on an ADC map (Fig. 4B).
The ADC value was not evaluated because all cases were evaluat-
ed retrospectively. On axial T1- or T2-W and FLAIR images, six
of the seven patients showed a high SI on T2-WI or FLAIR im-
age and a low SI on T1-WI, except for one patient (case 4), who

showed no obvious signal abnormality on T2-WI (Fig. 3C).
Other Parenchymal Lesions

Regarding these case series, an isolated corpus callosum le-

sion was apparent in only one case of clinically suspected mild
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encephalopathy (case 5) (Fig. 4). Other parenchymal lesions
were found in six cases. In the trauma cases (cases 1-3), cres-
centic subdural hygroma (Fig. 1C), multiple hemorrhagic foci,
and contusions were observed in brain parenchyma (Fig. 2C).
In the patient with neonatal seizure (case 4), crescentic subdu-
ral hemorrhage was observed along the tentorium and inter-
hemispheric fissure (not shown). In the patient with MS (case
6), multifocal nodular high SI lesions were observed in both
thalami, the right caudate nucleus, and the periventricular white
matter of the left parietal lobe (Fig. 5C). In case 7, crescentic
subdural hygroma was observed in both frontotemporoparietal
regions (Fig. 6C). Additionally, ill-defined high SI lesions on

DWI, with subtle cortical sulcal effacement, were present in
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Fig. 3. A male infant with clonic seizures (case 4). Initial MRI (A-C) shows bilateral linear high Sl lesions (arrows) on DWI (A) and low SI (arrows)
on an ADC map (B) in the splenium of the corpus callosum. On T2-WI (C), the signal abnormality is not obvious. Additionally, crescentic subdural
hemorrhage was observed along the tentorium and interhemispheric fissure (not shown). Follow-up MRI (D-F) after 17 days (20 days of age),
shows resolution of signal abnormalities on DWI (D) and an ADC map (E). Follow-up T2-WI (F) also shows no signal abnormality.

Note.—ADC = apparent diffusion coefficient, DWI = diffusion-weighted imaging, SI = signal intensity, T2-WI| = T2-weighted image

both occipital lobes (Fig. 6A), without low SI on ADC map,

suggesting vasogenic edema.

Follow—Up MRI

The interval between the initial and follow-up MRI scans ranged
from 17 days to 17 months. Upon follow-up MR, six patients
showed complete resolution of signal abnormalities in the corpus
callosum (cases 1-6), whereas, in one patient, the restricted diffu-

sion in the corpus callosum was persistent (case 7) (Fig. 6D, E).

DISCUSSION

The CC is the second most common area involved in diffuse

submit.radiology.or.kr

J Korean Soc Radiol 2012;66(4):375-384

axonal injury (21-47%). The CC is considered particularly vul-
nerable to trauma because of its unique location and composi-
tion (1). The CC comprises dense myelinated fibers relative to
the adjacent hemispheric white matter. This densely compacted
nature of the white matter tracts renders it susceptible to shear
injury in the event of trauma. The callosal lesions most com-
monly involve the splenium; they are typically eccentric in lo-
cation and can involve a focal part or the full thickness of the
CC (9). This is thought to be a diffuse axonal injury due to axo-
nal stretching by forces of inertia.

Seizures induce cellular swelling and fluctuations in extracel-
lular water (12). Several studies have reported possible etiologic

explanations for restricted diffusion in the CC, such as cytotox-
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D E

Fig. 4. A 14-year-old boy with headache and fever (case 5). Initial MRI (A-C) shows ovoid high Sl lesion (arrow) on DWI (A) and iso-SI (arrow)
on an ADC map (B) in the central portion of the splenium. T2-WI (C) shows well-defined, ovoid, high SI (arrow) in the splenium of the corpus
callosum. Follow-up MRI (D-F), after 1 month, shows resolution of signal abnormalities on all sequences.

Note.—ADC = apparent diffusion coefficient, DWI = diffusion-weighted imaging, SI = signal intensity, T2-WI| = T2-weighted image

ic edema secondary to seizure spread (3), reversible demyelin-
ation related to the toxicity of antiepileptic drugs (2), or sec-
ondary to arginine vasopressin imbalance induced by rapid
antiepileptic drug change (2, 4). In our neonatal patient (case
4), MRI was performed on the second day, immediately after
administration of phenobarbital. Thus, her seizure was most
likely a factor contributing to the DWT signal change, although
the antiepileptic drug might have also caused the signal abnor-
malities. However, several reports exist regarding seizure with
antiepileptic treatment in adult patients, but only a few reports
can be found which concern seizure in neonate patients (13,
14). Our patient, 2 days old, (case 4) was also a neonate. The
mechanism of the abnormal DWT findings in the neonate is

unknown. The reduced ADC suggests cytotoxic edema, but
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our case did not suggest neonatal hypoxic-ischemic injury be-
cause basal ganglia and thalami were spared, and his prognosis
was excellent after conservative treatment. Pathologically, my-
elination of the splenium does not occur before 2 months of
age. Thus, intramyelinic edema is not responsible for these re-
versible callosal lesions (13). Another theory is interstitial ede-
ma. Because axons in the CC are the most tightly packed axons
in the brain, interstitial edema in the extracellular space be-
tween the unmyelinated axons might cause restricted diffusion
(15). Thus, in patients with general seizure, cytotoxic edema
due to seizure or reversible demyelination related to the toxicity
of antiepileptic drugs might be the most probable mechanism,
whereas interstitial edema might be considered in neonates.

Certain drugs and viral infections are suspected to cause cy-
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Fig. 5. A 19-year-old man with a history of multiple sclerosis (case 6) experienced nausea and vomiting. Initial MRI (A-C) shows focal, nodular,
bright Sl lesion (arrow) on DWI (A) and dark SI (arrow) on an ADC map (B) in the right lateral aspect of the splenium. T2-WI (C) shows high SI
lesion in the splenium (white arrow) and other multifocal nodular high SI lesions in both thalami, right caudate nucleus, and periventricular
white matter of the left parietal lobe (black arrows), suggesting multiple sclerosis. Follow-up MRI (D-F), after 17 months, shows resolution of
signal abnormalities in the splenium on all sequences.
Note.—ADC = apparent diffusion coefficient, DWI = diffusion-weighted imaging, SI = signal intensity, T2-WI| = T2-weighted image

totoxic lesions in the brain and frequently affect the median as-
pect of the splenium of the CC (10). Tada et al. (11) stated that
transient restricted diffusion of the splenium might be related
to an influx of inflammatory cells and macromolecules com-
bined with related cytotoxic edema. The vulnerability of the
splenium of the CC can be explained by viral antigens having
specific affinities for receptors on splenial axons or the myelin
sheaths surrounding them, but this theory (11) lacks patholog-
ic correlation.

Mild cytotoxic edema can show normal ADC due to its small
size or combination with vasogenic edema (12). Our patient
(case 5) showed iso-SI on an ADC map (Fig. 4B). As the ADC
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signal subsequently changes from dark to bright, 7-10 days after
clinical onset, we believed the brain MRI of our patient might
have been performed at an increasing phase of ADC value.

MS is the most common demyelinating disease of unknown
cause that characteristically involves the periventricular white
matter, internal capsule, CC, and pons (9, 12). Because the CC is
the most heavily myelinated bundle within the brain, it is a pre-
ferred target of the demyelinating processes (9, 16, 17). On DWI,
the acute phase of MS may show increased ADC, due to vaso-
genic edema and myelin destruction with axonal preservation,
or decreased ADC due to intramyelinic edema (12). Otherwise,

chronic MS plaques do not show restricted diffusion (12). In-
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D

Fig. 6. A 3-month-old girl with episodes of seizures (case 7). Initial MRI (A-C) shows bilateral linear bright S lesions (arrows) on DWI (A) and
low Sl (arrows) on an ADC map (B) in the splenium of the corpus callosum, crossing the midline. lll-defined high Sl lesions on DWI, with subtle
cortical sulcal effacement, are seen in both occipital lobes (black arrows) without low SI on ADC map, suggesting vasogenic edema. FLAIR imag-
ing (C) shows high Sl in the splenium (arrows) and crescentic subdural hygroma in both frontotemporoparietal regions (asterisk). Subdural hy-
groma on conventional T1-WI and T2-WI (not shown) was well-depicted, showing iso-Sl to the cerebrospinal fluid. After 1 month, the girl revisit-
ed our hospital for general weakness. Follow-up MRI (D-F) shows that the bilateral linear lesions in the splenium are persistent (arrows) on DWI
(D) and an ADC map (E). FLAIR imaging (F) shows the amount of subdural hygroma in both frontotemporo-parietal regions has increased, with
complicated hemorrhage (asterisk). A burr-hole craniotomy was performed for drainage of the subdural hygroma.

Note.—ADC = apparent diffusion coefficient, DWI = diffusion-weighted imaging, FLAIR = fluid-attenuated inversion-recovery, S| = signal inten-

sity, T1-WI = T1-weighted image, T2-WI| = T2-weighted image

tramyelinic edema occurs in the myelin sheath itself and/or in
the intramyelinic cleft. Some of the intramyelinic edema is re-
versible, probably because it is located primarily in the intramy-
elinic cleft. Another possible explanation is inflammatory infil-
tration. A DWT study of MS revealed decreased ADC values, in
some lesions, from MS, and the influx of inflammatory cells and
macromolecules was postulated to have caused the decreased
ADC values. A decreased ADC value in the splenium of the CC
may be a result of inflammation, and the ADC may return to

normal if the cause resolves quickly (13).
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Several limitations of this study should be noted. First, it was
a retrospective study including a small number of cases. Sec-
ond, although the clinical significance of these signal changes
in the CC should be determined in follow-up studies, follow-
up MRI scans were performed only in a few pediatric patients,
which might have an influence on the reliably of the results.
Third, because this was a retrospective study, the timing of the
initial imaging scans varied depending on the childs status. To
advance efforts toward improving the outcome of patients with

lesions of the CC, a larger prospective study or case-control study
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is needed for exclusion of the aforementioned biases. Fourth, the
ADC values were not measured. Finally, a lack of histopatho-
logic correlation does not allow us to confirm our findings. Most
of the pathogenesis, and the nature of restricted diffusion, are
theoretical, and because the clinical and radiologic findings
were rapidly resolved in most of the patients, they did not re-
quire an invasive diagnostic examination.

Rapid resolution of clinical and radiologic findings suggests a
good prognosis. Clinical courses and outcomes were good in
five of the seven cases reported here (cases 1-5). These patients
showed complete resolution of restricted diffusion in the CC,
on follow-up MR examinations (17 days, 1 month, 2 months, 6
months, and 17 months after the initial examination, respec-
tively). Although the restricted diffusion was reversible in our
patient with MS (case 6) (Fig. 5), rehabilitation was necessary
because of his motor weakness. This can be explained by a re-
lapsing and remitting course of the multiple sclerosis, and se-
vere neurologic sequelae were not observed. Thus, reversible
restricted diffusion is suggested to imply a less severe course
and a good outcome. Conversely, in the last case (case 7) (Fig.
6), restricted diffusion in the CC was persistent, on follow-up
MR, after 1 month; the patient’s outcome was poor. After her
seizure was controlled following administration of phenobarbi-
tal and phenytoin, and she recovered clinically, she revisited
our hospital for general weakness. The subdural hygroma in
both frontotemporoparietal regions had increased with compli-
cated hemorrhage. A burr-hole craniotomy was performed for
drainage of subdural hygroma. Such a severe clinical outcome
was also previously reported in a patient with osmotic myelin-
olysis; this particular patient did not show reversible lesions
(18). Thus, the follow-up MRI can confirm the irreversibility of
callosal lesions and may be helpful in predicting patients’ clini-
cal outcomes and prognoses. Additional parenchymal lesions
with restricted diffusion, however, do not necessarily suggest a
severe outcome or predict irreversible MRI findings. Further
investigations are required in order to assess the association be-
tween additional parenchymal lesions and clinical outcomes.

In conclusion, reversible restricted diffusion in the CC can de-
velop in various diseases, with various pathogeneses. Rapid reso-
lution of the clinical and radiologic findings suggests a good
prognosis, and follow-up MRI could confirm the reversibility or

irreversibility of callosal lesions. Knowledge of the MRI findings
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and associated conditions might be helpful in predicting patients’

conditions and clinical outcomes.
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