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Abstract

Epileptic seizure in pediatric patients affects neurodevelopment, and surgical treatment of intractable epilepsy
improved comorbidities, but the mechanism is not fully uncovered yet. By measurement of MRI-DTI Fractional
Anisotropy (FA) of posterior limb of internal capsule (PIC) of infants, we presented its change by seizure propagation
and control in a case of an infant post traumatic epilepsy (PTE) caused by growing skull fracture. Her motor
developmental delay and hemiparesis with non-convulsive status epilepticus (NCSE) started 2 months after injury,
recovered after surgical repair and seizure control. FA of PIC was lower than normal (0.29 ipsilateral, 0.37
contralateral) had increased to normal range in one week after surgical treatment and seizure control (0.62, 0.66).
Comparing with normal time course of FA of motor tract of infant, this dynamic change of FA indicated the effect of
seizure control after surgical treatment. As measurement of other brain lesion also showed increased FA in both
ipsilateral and contralateral deep white matter, indicated the effect of NCSE for wide network of brain, and influenced
infant neuronal development. These result indicated one mechanism why NCSE affected motor developmental delay
and surgical intervention for regional infant intractable epilepsy prevented further developmental delay. By handy
method of measuring FA of motor tract, we had one possibility to predict motor tract injury in infancy. We also
reviewed and discussed about the mechanism of FA increase and decrease in early infancy and how PTE caused
FA change.
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Introduction
It is well recognized that epileptic seizure in pediatric patients affect

neurodevelopment, [1-6] further and early surgery for pediatric
intractable epilepsy are recommended. It is more so in infant, when
white matter myelination is in process, and brain development
accomplished with in-born stepwise processes. The report of the
development of early white matter motor tract by MRI DTI fractional
anisotropy (FA) showing drastic increase by the end of 6 months of
age, and gradual increase continues until adulthood [7-12]. But the
mechanism of how seizure propagation influence white matter
developmental in each type of epilepsy is not fully uncovered yet
[6,13]. To prevent developmental delay in infants after traumatic brain
injury or post-traumatic epilepsy (PTE), it is needed to clear why
status epileptics result profound retardation [14-16].

We report a case of 7 month old girl suffering from non-convulsive
status epileptics (NCSE) due to PTE, which caused by growing skull
fracture and occipital brain protrusion. Her seizure propagated in 2
month after trauma, and resulted mild left hemiparesis and motor
development delay. Pre-operational MRI-DTI fractional anisotropy
(FA) revealed profound decrease of FA, not only occipital lobe, but also
opposite hemisphere, which recovered in 1 week after operation, and

her development normalized. It presents one mechanism of how PTE
and NCSE affect infant neurodevelopment, by comparing with normal
time course.

Method and Materials
MRI DTI image was applied using MRI (GE Signa, 1.5T), Pulse

sequence, EPI; TE 92.2 msec; TR 10000 msec; Matrix, 128 × 128; FOV,
26 mm; b-value,  1000;  slice  depth  4 mm  gapless,  with  MPG 15  axis.
Fractional anisotropy (FA) was measured using manual ROI on both
posterior limb of internal capsule (PIC), Pedunculus cerebri (PuC).
Accuracy of this method was measured by 3 different pediatric
neurologist and neurosurgeon, of 10 samples, and statistically
analyzed.

Case Presentation
This is a case of a 7 months old girl, with nothing particular in her

family history and past medical history. She was born by normal
delivery without any developmental problems. At the age of 4 months,
she got injured by car- to- car traffic accident, and transferred to an
emergency hospital, and was diagnosed as complex skull fracture, with
brain contusion in right occipital lobe. After 2 weeks, she discharged
without any apparent neurological defect, with protective medication
of antiepileptic drug; phenobarbital (PB).
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She suffered first partial seizure on her left leg at 42 days after
accident, which propagated to left upper limb in a week. In one month
later, her seizure increased its severity and frequency, propagated to the
other side and mouth. Pediatrician started Carbamazepine (CBZ), and
Phenytoin (PHT), which was in vain. By the end of 2 months after

accident, she suffered status most of the day and readmitted.
Radiological exam revealed progressive skull fracture with right
occipital brain protrusion, and slight subdural hematoma (Figure 1: A,
B and C). She was transferred to Children’s hospital.

Figure 1: Radiological exam revealed progressive skull fracture with right occipital brain protrusion, and slight subdural hematoma.

On admission, she was well-nourished baby, with left hemiparesis
(3~4/5). She could not sit alone with eyes deviated to right, which was
proved to be caused by non-convulsive status epileptics (NCSE) by
video EEG. It revealed contentious poly spikes on right parieto-
occipital, with continuous generalized high voltage slow wave. After
injection of midazolam (MDZ) 0.065 mg/kg, her hemiparesis
improved, and she could keep sitting alone. To stop NCSE, continuous
injection of MDZ (0.1~0.2 mg/kg/hr.) was needed until operation.
Surgical repair was carried out, which consisted with resection
subosteal protruded brain, removal of subdural hematoma, repair of
dura matter and skull with auto graft. With perioperative transient
MDZ infusion, she shows good recovery from hemiparesis in a week.
By the end of 2 month, she discharged with levetilazetam (LEV) mono-
therapy. After 5 years, she showed normal development, without any
seizure.

Result
Accuracy of measurement of FA/PIC and FA/PuC showed good

correlation, with coefficient number 0.95.

This 7 month old infant with NCSE resulted in hemiparesis, which
had recovered after the injection of Midazolam. She showed good
recovery after surgical repair, not only in short term, but also long
term. Compare with normal FA of motor tract, FA of 67 days after
trauma was below the normal range. Ipsilateral FA of internal capsule
showed drastic increase from 0.29 (before surgery) to 0.628 (right FA/
PIC), 0.2 (before) to 0.42 (right FA/PuC) in a week. Contralateral FA
showed also increase, from 0.37 (before) to 0.66 (left FA/PIC), from
0.25 to 0.39 (left FA/PuC) (Figure 2).

Pathological specimen showed prominent gliosis in and around
protruded brain area, Immunostaining revealed loss of neuronal cell,
and by CD 68 and GFAP staining indicated perivascular lamellar like
accumulation of histiocytic and gliosis.

Discussion
We presented a case of PTE infant, resulting in drug resistant

epilepsy in 2 months after injury, whose motor developmental delay
accompanied with seizure propagation. MRI was of value to diagnose
growing skull fracture [17,18]. Preoperative low FA of motor tract
white matter showed drastic increase after surgical treatment, detected
by MRI DTI. Because of short duration, it should not be caused by
normal process of development, such as myelination, rather because of
physiological condition, such as seizure control. Interestingly, this
change of increase was seen not only ipsilateral, but also contralateral
white matter, and also, wide range of brain region. Her symptom of
hemiparesis and motor developmental delay was recovered after
surgery as epileptic seizure controlled. This indicated white matter
abnormalities in this infant deeply influenced by continuous seizure,
along with motor symptom, and seizure control related with white
matter development.

In studies of adult drug resistant epilepsy (DRE), such as temporal
lobe epilepsy with hippocampal sclerosis (HS), for example,
widespread white and grey matter abnormalities were reported by
using DTI FA images [19] or voxel-based morphometric were
observed [20]. Diffuse abnormal FA decrease of ipsilateral temporal
white matter coexist with wide spread myelin degeneration or mal-
development were detected, resulting the abnormal structural
connectivity [21].

It is reported, factors of FA increase indicate progress of myelination
[8,22], increase of axonal diameter, fiber bundle density, immature
oligodendrocyte proliferation [9,23], in development. Instead, factors
of decrease are axonal injuries, such as axonal swelling or
disconnection, delay of myelination, demyelination, gliosis or ischemia
related with epilepsy [19]. What we demonstrated in this report is not
white matter reversibility, but rather normalized development by
removing epileptogenic cause. Her post traumatic late seizure started
from left hand to leg, and contralateral limb, then to mouth. This
propagation related with anatomical localization of legion.
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Figure 2: FA change.

The pathological specimen of resected brain revealed profound
gliosis, lack of neuron in central region, and OD-68 positive cell and
GFAP positive glial cell accumulate lamellar like around the vessels
periphery, which indicates responsive reaction of the damaged brain.
About the pathogenesis of PTE, evidences were discussing, such as
albumin leakage affecting glial spatial buffering effect of astrocyte, and
TGF-βreceptor and glutamate transporter function [24-27]. Also glia
derived brain dysfunction because Blood Brain Barrier dysfunction
(BBBD), perivascular Ig-G and albumin induced isogenies [28-34]. As
free Fe and calcium disturbed normal cycle of heme-protein aroused
by contusion, leading formy spheroid body leads epileptogenesis [35].
In addition, leukocyte–BBB interaction is also reported to facilitate
seizure. These reaction, induced localization related epilepsy and
NCSE, and NCSE also induced BBBD, as a vicious cycle in this patient.
In pediatric developmental brain, incidence of PTE is reported higher
in acute subdural hematoma than diffuse axonal injury. And far worse
developmental outcome resulted in cases of child abuse syndrome than
in traffic accident [14]. Concerning about antiepileptic drugs for PTE,
neither phenytoin (PHT), phenobarbital (PB) nor valproic acid (VPA)
were reported meaningful effect for the epileptogenesis [36], in
contrast, levetiracetam (LEV) has merit to prevent it [37,38],
suggesting favorable to the PTE patient [39,40].

Given that child neurodevelopment depend on widespread network
in the brain [39], it is easily suspected diffuse white matter damage by
PTE NCES would affect not only motor function but other mental
development. The drastic change FA of white matter of this case
teaches us the need of early treatment for functional recovery of
children of localization related drug resistant epilepsy due to PTE.

Conclusion
In infant PTE, seizure influence white matter development not only

damaged area but fur beyond to the contralateral motor system,
affecting neurodevelopment. To prevent motor developmental delay of
PTE infant, accurate diagnosis and treatment of epilepsy were
recommended.
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