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Magnetization Transfer MR Imaging in Patients
with Posttraumatic Epilepsy

Rajesh Kumar, Rakesh K.Gupta, Mazhar Husain, Davender K. Vatsal, Sanjeev Chawla,
Ram Kishore S. Rathore, and Sunil Pradhan

BACKGROUND AND PURPOSE: Intractable epilepsy is a well-recognized complication follow-
ing head trauma, and many factors have been implicated in its pathogenesis. This study was
performed to determine the severity of tissue damage after severe head injury as assessed with
magnetization transfer (MT) MR imaging and the relationship of this damage with seizure

intractability.

METHODS: Forty-four patients, 13 without seizures (disease controls) and 31 with seizures,
underwent T1-weighted MT MR imaging 1-10 years after head trauma. Phase-corrected gradient-
echo (GRE) imaging was also performed in all patients to look for the presence of hemosiderin. All
patients were evaluated for the presence of an MT abnormality beyond an abnormality seen on
T2-weighted images, an MT abnormality within a T2 abnormality, and hemosiderin deposition.

RESULTS: Patients with an MT abnormality beyond a T2 abnormality had a significantly higher
intractability of seizures compared with those with an MT abnormality within a T2 abnormality
(P < .05). In addition, the mere presence of hemosiderin deposit was not associated with seizure
intractability; however, gliosis around the hemosiderin as seen on T1-weighted MT images was

associated with seizure intractability.

CONCLUSIONS: T1-weighted MT imaging may be of value in predicting the intractability of
the seizure in delayed posttraumatic epilepsy.

Posttraumatic epilepsy (PTE) is an established con-
sequence of head injury. It accounts for about 4% of
cases of focal epilepsy in the general population and
is the leading cause of epilepsy with onset in young
adulthood (1, 2). PTE is classified into three groups:
immediate seizures, which occur within 24 hours after
the injury; delayed early seizures, which occur during
the first week; and late posttraumatic seizures, which
occur more than 1 week after the injury (3, 4). The
first two groups are usually termed early, and these
seizures are considered to be direct reactions to brain
damage. Brain trauma is the cause of epilepsy in
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approximately 5% of the patients referred to special-
ized epilepsy centers, and these cases of epilepsy are
often difficult to control with medical therapy (5, 6).
Factors involved in the origin of posttraumatic sei-
zures are still unclear. The commonly accepted risk
factors for delayed posttraumatic seizures are those
identified by Jennett (7): early posttraumatic seizures,
depressed skull facture and intracranial hematoma,
prolonged unconsciousness, low Glasgow Coma Scale
score, and prolonged posttraumatic amnesia. Accord-
ing to another group (8), documented cortical-sub-
cortical brain lesions represent the main risk factor
for delayed PTE.

Many studies with MR imaging have demonstrated
the diffuse axonal injury in patients with head inju-
ries. Mittl et al (9) found evidence of hemorrhagic
and nonhemorrhagic shearing injury on T2- and T2*-
weighted MR images in patients with normal head
CT scans who had sustained even minor head trauma.
MR imaging has demonstrated increased sensitivity
for the detection of traumatic white matter abnormal-
ities, including diffuse axonal injury, when compared
with CT (9). However, characterization of these le-
sions and prediction of patient outcome remains
problematic (10). Recently, magnetization transfer
(MT) MR imaging has been used for better detection
and tissue characterization of diffuse axonal injury
(11, 12) and perilesional gliosis in neurocysticercosis-
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TABLE 1: Summary of the clinical data
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Patients without Seizures

Characteristic (n = 13)* Patients with Seizures (n = 31)
Early PTE
(n=2) Delayed PTE (n = 29)
Location of Injury FL(n=11) TL(n=2) FL(n=2) PL(n=5) FL(m=19 FIL(n=1) TL(m=2) OL(n=2)
Type of seizure
Simple partial — — 2 — 3 — — —
Complex partial — — — — 1 1 1 —
Tonic — — — — 2 — — —
Generalized tonic clonic — — — 5 2 — 1 2
SPS-GTC — — — — 11 — — —

Note.—SPS-GTCS indicates simple partial seizure to generalized tonic clonic seizure; FTL, frontotemporal lobe; OL, occipital lobe; PL, parietal

lobe; FL, frontal lobe; TL, temporal lobe.

* These disease controls had no seizures at any time after head injury.

related seizures (13, 14). Lesions of diffuse axonal
injury are characterized by axonal disruption with
subsequent development of Wallerian degeneration
and gliosis. In the early phase of trauma in which
there is reactive swelling of axons, collapse and frag-
mentation of myelin sheath occurs, whereas in the
delayed posttraumatic period reactive gliosis predom-
inates (15, 16). We hypothesized that the extent of
gliosis, which is the major abnormality in delayed
PTE besides focal encephalomalacia, may be better
visualized on T1-weighted MT images than on con-
ventional spin-echo (SE) images.

We evaluated the relationship between the extent
of gliosis visualized on T1-weighted MT and conven-
tional T2-weighted spin-echo MR images with seizure
intractability in patients with delayed PTE.

Methods

Forty-four patients with a history of severe head injury with
or without seizures who came to the Department of Neurology,
Sanjay Gandhi Post-Graduate Institute of Medical Sciences
and Department of Neurosurgery, KG’s Medical College, Luc-
know, India, during September 1999 to October 2001 were
prospectively examined with clinical evaluation, electroen-
cephalography (EEG, n = 21), and MR imaging. Patients with
a retained metallic foreign body or scalp plate were excluded
from the study. There were 38 male and six female patients
ranging in age from 11 to 50 years. Thirty-one patients had
epilepsy, and 13 had no history of seizures. All these patients
were imaged between 1 and 10 years after the head injury. The
13 patients (10 male and three female patients, aged 12-47
years) with no history of seizures were labeled as disease
controls and will be referred to as disease controls in the
remainder of the article. In addition, normative data were
obtained for calculation of MT ratios from images acquired in
20 healthy volunteers with no history of neurologic illness (13
male and seven female subjects; age range, 1448 years; mean
age, 30.2 years). Informed consent was obtained from all pa-
tients, volunteers, and/or patient caregivers. The patients with
head trauma who presented with seizures within 1 week of
trauma were considered to have early PTE, whereas those who
presented after 1 week were considered to have delayed PTE.
Of the 31 patients who had seizures, two had early PTE and 29
had delayed PTE. These two patients with early PTE continued
to have simple partial seizures at the time of MR imaging.
Clinical data and topographic distribution of the injury are
summarized in Table 1. The seizures were considered as in-

tractable when they could not be controlled even after taking
2-3 antiepileptic drugs. EEG abnormalities were seen in 12 of
14 patients with epilepsy and in four of seven disease controls
with no clinical epilepsy. The abnormalities included slow wave
transients, sporadic spike waves, and continuous slow wave
activity over the damaged brain.

Cranial MR imaging was performed with a 1.5-T supercon-
ducting system (Magnetom SP; Siemens, Erlangen, Germany)
by using a circularly polarized head coil. Conventional SE,
proton density-weighted, T2-weighted (2200/12, 80/1 [TR/TE/
excitations]), and T1-weighted (1000/15/2) sequences were per-
formed in the axial plane by using a 256 X 256 matrix, 0.5
intersection gap, and 5-mm section thickness. T1-weighted MT
SE MR imaging also was performed with the same parameters
as those for T1-weighted imaging except for the off-resonance
pulse. The pulse sequence used for MT contrast consisted of an
off-resonance saturation pulse immediately before the 90°
pulse (excitation pulse to saturate the magnetization of protons
with restricted motion) (17). The bandwidth of the saturation
pulse was 250 Hz with a frequency offset of 1.5 kHz. The TR
and TE parameters were chosen to minimize T1 and T2 effects
(18). In addition, phase-corrected gradient-echo (GRE) T2*-
weighted imaging (800/15, 35/15°/2 [TR/TE/flip angle/excita-
tions]) was performed to look for any susceptibility effect due
to the presence of hemosiderin (19, 20). Contrast material—
enhanced T1-weighted MT SE imaging also was performed in
five patients by using gadopentetate dimeglumine (Magnevist;
Schering, Berlin, Germany) in a dose of 0.1 mmol per kilogram
of body weight intravenously to look for any break in the
blood-brain barrier. Serial imaging was performed in five pa-
tients with seizures and in five patients without seizures to look
for any time-related changes on MR images.

All patients were evaluated independently by two authors
(R.K.G.,, RK\). All cases were evaluated for the presence of
hemosiderin and encephalomalacia, as seen on T2- and T2*-
weighted images with and without phase correction. An MT
abnormality beyond the T2 abnormality was considered to be
present when the hyperintensity on T1-weighted MT images
extended beyond the abnormality seen on T2-weighted images.
When the abnormality seen on T1-weighted MT images did not
extend beyond the hyperintensity seen on T2-weighted images,
it was termed an MT abnormality within the T2 abnormality.

The presence of focal hemosiderin deposit was confirmed by
phase-corrected GRE imaging. Hemosiderin is seen as areas of
hypointensity on T2-weighted images that show bloom effect
on GRE images and hypointensity on phase-corrected GRE
images (20). Gliosis was considered to be present around the
hemosiderin deposit on T1-weighted MT images when the
hyperintensity extended beyond the hemosiderin deposit seen
as hypointensity on GRE phase images.
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TABLE 2: Summary of results
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MT Abnormality within T2
Abnormality (n = 31)

MT Abnormality beyond T2
Abnormality (n = 13)

Seizure Characteristic NH FH Total NH FH Total
No seizures (n = 13) 7 6 13 — — 0
Controlled with AEDs (n = 15) 6 8 14 — 1 1
Intractable (n = 16) 2 2 4 3 7+ 2* 12

Note.—AED indicates antiepileptic drug; NH, no hemosiderin deposit; FH, focal hemosiderin deposit.

* These two patients had gliosis around the hemosiderin.

In all patients with MT abnormalities beyond the T2 abnor-
malities, the T2 abnormalities and MT abnormalities were
segmented by using the maximum likelihood estimation algo-
rithm (21) and were subtracted to confirm it. Similarly, in all
patients with gliosis around the hemosiderin deposit in the
brain parenchyma, hemosiderin was segmented by using phase-
corrected GRE imaging and was subtracted from the seg-
mented T1-weighted MT abnormality of the same patient and
position, to confirm the extent of gliosis.

MT ratio (MTR) values were calculated from T2 and MT
visible abnormal white matter regions, T2 and T2* normal
regions, and MT visible abnormal white matter regions and
corresponding contralateral normal regions. For MT ratio
quantitation, MT ratio maps were generated from T1-weighed
MT and T1-weighted images by using the equation MTR =
[1-(M,/M,)] X 100%, where M,, and M,, represent the signal
intensity with the saturation pulse off and on, respectively (22).
The MT ratio values of T2 and MT visible abnormal regions
and normal contralateral regions were obtained through the
region-of-interest analysis (22).

Data were analyzed by using SPSS (version 10) statistical
software (SPSS, Inc., Chicago, IL). Association between sei-
zure type and hemosiderin deposit, as well as between MT
abnormality beyond T2 abnormality and MT abnormality
within T2 abnormality, was studied by using the x? test with
Yates correction. A P value of .05 or less was considered to
indicate a statistically significant association.

Results

All 13 disease control patients with no seizure
showed variable encephalomalacia in the frontal and
temporal lobes. Six of these patients had evidence of
hemosiderin demonstrated on phase-corrected GRE
images. None of these patients showed hyperintensity
on T1l-weighted MT images beyond the hyperinten-
sity seen on T2-weighted images (Table 2; Fig 1a-d).

In the remaining 31 patients, 15 had seizures that
were controlled with antiepileptic drugs and 16 had
intractable seizures (Table 2). Of the 15 patients with
controlled seizures, 14 had an MT abnormality within
the abnormality seen on T2-weighted images, and one
patient had an MT abnormality beyond the abnor-
mality seen on T2-weighted images. Eight of these 14
patients and the one patient with MT abnormality
beyond the T2 abnormality showed focal hemosiderin
deposit.

In the 16 patients with intractable seizures, four
showed MT abnormality within the T2 abnormal re-
gion, and two of them showed focal hemosiderin
deposit. The remaining 12 patients showed an MT
abnormality beyond the T2 abnormal region (Fig 2f),
and nine of them showed focal hemosiderin deposit.
Two of these nine patients with hemosiderin deposit

showed hyperintensity around the hemosiderin sug-
gestive of gliosis (Fig 3f). No significant difference
was noted with respect to focal hemosiderin deposi-
tion among the different groups with or without sei-
zures (P > .05).

Patients with a T1-weighted M T abnormality beyond
the abnormality seen on T2-weighted images showed
significantly higher (P < .05) intractable epilepsy (12 of
13 patients) compared with the group with T1-weighted
MT abnormality within the abnormality seen on T2-
weighted images (four of 31 patients).

Two of the 31 patients had early PTE that contin-
ued over a period of time. One had seizures well
controlled with antiepileptic drugs, whereas the other
had intractable seizures. The former had an MT ab-
normality within the T2 abnormality, and the latter
had an MT abnormality beyond the T2 abnormality
along with gliosis around the focal hemosiderin de-
posit (Fig 3).

In all 10 patients with or without seizures who
underwent serial studies, no regression or progression
of the abnormality was seen with any of the pulse
sequences used in this study. There was no evidence
of abnormal enhancing regions on postcontrast T1-
weighted MT images in five patients with seizures.

Mean (= SD) MT ratios obtained from various lo-
cations in white matter and gray matter in 20 healthy
volunteers were 36.12 = 1.45 and 28.61 * 1.26, respec-
tively. In patients with normal T2-weighted images and
visible abnormality in white matter on MR images, the
MT ratio was 24.24 = 2.54, whereas in patients with T2
visible abnormality in white matter the MT ratio was
20.12 = 2.31. However, the MT ratio in normal con-
tralateral white matter was 35.32 = 2.01.

Discussion

Delayed PTE occurs in more than 30% of patients
with penetrating head injuries, intracerebral and sub-
dural hematoma, depressed skull fracture, or early
seizures after injury (6, 23). Seizures following trauma
are related to severity of brain injury, and dural pen-
etration increases seizure occurrence (24). The injury
variables significantly associated with delayed PTE
are loss of consciousness, focal neurologic signs at
first examination, missile injuries, frontal lesions, in-
tracerebral hemorrhage, diffuse cerebral contusions,
prolonged ( 3 days) posttraumatic amnesia, cortical-
subcortical lesions, and depressed skull fracture (25).

MT MR imaging is known to show a larger region



AJNR: 23, February 2003

of axonopathy in head injury compared with conven-
tional MR imaging (12). The MT ratio in these cases
is found to be lower than the normal gray matter—
white matter MT ratio (11, 12). Follow-up of these
patients shows residual T2 hyperintensity that is con-
sidered gliosis (26). In 13 patients in the present
study, we observed an abnormal area on the T1-
weighted MT images that was beyond the abnormality
seen on the T2-weighted images and that had an MT
ratio of 22-26%. All these patients had head trauma
at least 1 year before MR imaging. This suggests that
the brain area affected by the injury is actually more
than what is observed on T2-weighted images. The
low MT ratio region (ie, the hyperintense region on a
T1-weighted MT image) has been shown to be due to
gliosis in an experimental model with chronic head
trauma (11).

Severity of injury is directly responsible for the
increased delayed PTE (7). In the present series, the
gliosis as seen with a combination of T2-weighted and
T1-weighted MT imaging was more than what was
observed with either sequence alone and depicted a
more severe parenchymal injury. The patients with

POSTTRAUMATIC EPILEPSY 221

Fic 1. Patient without seizures after
head trauma (disease control).

A and B, Axial T2-weighted image (A)
through the lateral ventricles shows a
large hyperintensity involving the left fron-
tal region; this area appears hypointense
on the T1-weighted image (B).

C, T2*-weighted image does not show
any bloom effect to suggest hemosiderin
deposit.

D, T1-weighted MT image does not
show abnormality beyond the abnormality
seen on the T2-weighted (A) and T1-
weighted (B) images.

greater injury than what was observed on T2-weighted
images had significantly higher occurrence of intractable
epilepsy than did the patients with MT abnormality
within T2 abnormality. This suggests that T1-weighted
MT imaging, by demonstrating a much larger gliosis,
may predict intractability in delayed PTE.

Surgery has been used in patients with PTE as a
means to have either a postoperative seizure-free or a
reduced-seizure period in patients with involvement
of either the temporal lobe or the neocortex (2, 27,
28). The surgical results are much better in posttrau-
matic mesial temporal sclerosis than neocortical epi-
lepsy (27). The surgical results depend on the excision
of the gliotic region as suggested by T2- and Tl1-
weighted images and the localization of the abnormal
region on intraoperative mapping with electrodes
(28). It is believed that incomplete identification of
the gliotic region is responsible for the failure of
surgery more in neocortical PTE than in the temporal
lobe epilepsy (27). We believe that this combined
approach of mapping the gliotic region may be of
value in planning appropriate therapy and may yield
better results in these cases with neocortical PTE.



222 KUMAR

Fic 2.
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A, Axial T2-weighted image through the supraventricular region shows mixed hyperintensity in the left frontal region.

B, Corresponding T1-weighted image shows variable hypointensity in the left frontal region.

C, T2*-weighted image shows hypointensity associated with blooming, which confirms hemosiderin deposit in that region.

D, Corresponding phase-corrected GRE image shows negative signal intensity around the lesion, consistent with focal hemosiderin

deposit.

E, T1-weighted MT image shows a hypointense cavity surrounded by an area of hyperintensity that extends to the left parietal region

(arrows), suggestive of gliosis.

F, Difference of segmentation of the abnormality seen in A and E confirms the extension of hyperintensity beyond the T2 abnormality.

There is a close association of peritraumatic hem-
orrhage with delayed PTE, and the prominent his-
topathologic features of hemosiderin deposit in post-
traumatic brain tissue strongly implicate iron as an
important causative factor in the complex process of
posttraumatic epileptogenesis (29). Cortical iron in-
jections in rats induced an epileptogenic focus with
occurrence of seizures, which was explained by the
peroxidation and destabilization of lipophil neuronal
membranes with formation of free radicals. In head
trauma, blood extravasation causes deposition of fer-
rous compounds into neural tissue and the Haber-Weiss
iron catalyzed reaction, with hyperproduction of hy-
droxyl radicals. These reactive oxygen-derived species
trigger subsequent formation of peroxidative agents,

which in turn cause a self-sustained lipid peroxidation of
phospholipid membranes and disruption of the cell wall
leading to cell death (30). The induction of an epileptic
focus by iron deposition is also related to a decreased
nitric oxide synthase activity (31). In addition, there is an
impaired glutamate entry into the astrocytes, with a
consequent excessive accumulation of this excitatory
amino acid in the extracellular space (30).

We have observed that the mere presence of he-
mosiderin, which is best demonstrated with T2*-
weighted imaging, is not a significant causative factor for
seizure occurrence. This was seen in all three groups
irrespective of seizure activity. However, we observed
two cases in which gliosis was seen on T1-weighted MT
images around the hemosiderin deposit, and both these
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Fic 3. Gliosis around the hemosiderin deposit in the brain parenchyma of a patient with intractable PTE.

A and B, Axial T2-weighted image (A) through the supraventricular region shows subtle hyperintensity in the white matter involving
both sides of the frontal lobe and the left parietal region; this is not visible on the corresponding T1-weighted image (B).

C, T2*-weighted image shows multiple hypointense focal round lesions (large arrow) in the left parieto-occipital region and linear
hypointensities (small arrows) in both frontal regions and the left parietal region.

D, In addition, phase-corrected GRE image shows subtle hypointensity (arrows) in the right parasagittal region that was not visible in
C. All these hypointensities that are seen as negative signal intensity suggest hemosiderin deposition.

E, Corresponding T1-weighted MT image shows high signal intensity around the linear hemosiderin deposits, which is suggestive of

gliosis.

F, Difference of the segmentation of the abnormality seen on the phase-corrected GRE image and T1-weighted MT image in the left
frontal region confirms that the MT abnormality is beyond the hemosiderin deposit. The central black region represents the hemosiderin

seen on the phase image.

patients had intractable seizures. These observations
indicate that mere demonstration of hemosiderin may
not be strongly related to seizure activity unless there is
formation of the gliotic scar around the hemosiderin.
However, this needs further confirmation in a larger
group of patients with similar abnormalities.

Conclusion

We conclude that T1-weighted MT imaging supple-
ments T2-weighted imaging in depicting the severity
of gliosis in delayed PTE and may be of value in
predicting the intractability of the seizure in these

cases. This information may be of value in better
surgical treatment of patients with neocortical PTE
by extended resection of MT-visible gliotic scar.
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