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Abstract

history.

though there was no history of seizure.

Objectives: Partial loss of hippocampal striation (PLHS) is recently described in 3T and 7 T MR imaging as a sensitive
indicator of hippocampal sclerosis. Primary objective: We described the demographic characteristics of the population
with seizure disorder having PLHS at 1.5T MR imaging and tried to see the relation of PLHS to the classic signs of

hippocampal sclerosis. Secondary objective: PLHS was also looked for in a small control population that had no seizure

Methods: This retrospective study had the approval of the institutional review board. In patients demonstrating PLHS
on oblique coronal T2-weighted images, the following were recorded: age, sex, EEG findings, side of PLHS,
hippocampal atrophy and high signal intensity of the hippocampus. In control population, the following were
recorded: age, sex, presence/absence of PLHS and indication for imaging.

Results: The 116 PLHS subjects (age range 2-73 years) included 62 males and 54 females. Sixty-six (56.9%) of our
PLHS subjects were less than 18 years of age: 44 (37.9%) under the age of 12 years and 22 (19%) of 12-18 years of
age. Classic signs of hippocampal sclerosis were found in only 7 (6%) of the 116 subjects showing PLHS. All patients
with classic signs showed PLHS on the same side. Of the control population (25 subjects, age range 3-76 years,
17 males and 8 females), one showed PLHS—he was a treated case of CNS lymphoma with gliotic changes,

Conclusion: PLHS is demonstrated at 1.5 T in both adult and paediatric population in this article and is much
more common than the classic signs of hippocampal sclerosis (increased signal intensity and volume loss).
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Key points

e Dartial loss of hippocampal striation (PLHS)
(previously described in 3 T and 7 T) is
demonstrated at 1.5 T in this study.

e DPLHS (previously described in adults) is noted in
both adult and children in this study.

e PLHS may be an easy technique for early detection
of hippocampal sclerosis.
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Introduction

Epilepsy is prevalent in ~0.6% of the population.
Temporal lobe epilepsy (TLE) is known to be the most
common cause of focal epilepsy; 70% of TLE is associ-
ated with hippocampal (mesial temporal) sclerosis—
which on pathology is neuronal loss and gliosis. TLE is
often refractory to medicines, but ~60-70% of patients
achieve long term seizure-free status [1] after resection
of medial temporal lobe and varying amounts of tem-
poral neocortex. Surgical candidates are identified based
on EEG, MRI, PET/SPECT and neuropsychological tests.
Identification of medial temporal sclerosis (MTS) or a
structural lesion in medial temporal lobe by imaging is
associated with a good surgical outcome [2].
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The human cortex consists of neocortex (cerebral cor-
tex) and allocortex (olfactory cortex and hippocampal
formation). The hippocampal formation consists of dentate
gyrus and surrounding hippocampus proper (cornu
ammonis (CA) which is divided into four parts: CAl-—
CA4). Hippocampal sclerosis is best seen on MRI using
thin coronal sections on T2-weighted or T2 fluid-
attenuated inversion recovery (FLAIR) sequences. Classical
(primary) signs of hippocampal sclerosis are atrophy and
high signal intensity confined to the hippocampus. Second-
ary MR features are volume loss of temporal lobe, dilata-
tion of choroidal fissure, narrowing of collateral white
matter, forniceal asymmetry and atrophic mamillary body.
MRI-negative TLE continues to be a significant problem.

Partial loss of hippocampal striation (PLHS) was re-
cently proposed as a highly sensitive feature of hippocam-
pal sclerosis on 3T [3, 4] and on 7 T [5] MR. Since 1.5T
MR is more widely available, it would be very useful if this
subtle finding could be consistently identified at 1.5 T. We
tried to describe the demographic characteristics of the
population having PLHS at 1.5 T MR imaging and to see
the relation of PLHS to the classic signs of hippocampal
sclerosis (increased signal intensity and volume loss).

Materials and methods
Patients and subjects
This retrospective study was approved by the institutional
review board, which did not require informed consent.
Between November 2010 and September 2011, we found
347 consecutive patients who had undergone our standard
brain MR imaging epilepsy protocol. Children and adults
with both generalised and focal seizures were imaged in
this tertiary centre. Applying exclusion criteria: (a) patients
not demonstrating PLHS and (b) patients who had under-
gone hippocampal surgery prior to this imaging, we had
had 116 subjects demonstrating PLHS (Figs. 1 and 2).
Their age, sex, EEG findings (when available), side of
PLHS (right, left, bilateral), presence/absence of hippocam-
pal atrophy and hippocampal high intensity were recorded.
A small control population consisting of people who had
no seizure history (imaged for other diseases) but had thin
T2 coronal images (as part of protocol optimisation) were
identified. In them, the following were recorded: age, sex,
presence/absence of PLHS and indication for imaging.

MR imaging

Studies were done at 1.5T (Signa HDx, GE Healthcare,
WI, USA) using a dedicated eight-channel phased array
coil (Invivo Corporation, Gainesville, FL, USA). Oblique
coronal T2-weighted sections were obtained perpendicu-
lar to the hippocampi (~ 20 slices) with the following pa-
rameters: TR 6000, TE 90, Matrix 384 x 256, FOV 22 x
16.5, NEX 2, slice thickness 3 mm with O interslice gap.
The symmetry of semicircular canals (Fig. 1a and Fig. 2b)
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and cochleae (Fig. 2a) indicated that images were true cor-
onal (with no obliquity of sections).

This high-resolution coronal T2 imaging took ~ 2 min
which was clinically feasible. Other sequences like axial
T1-W FLAIR, T2-W, T2-W FLAIR (slice thickness 5 mm;
1.5 mm interslice gap) and gradient echo (slice thickness
2 mm; - 1 mm interslice gap), coronal T2-weighted (slice
thickness 5mm; 2mm interslice gap), sagittal T1/T2-
weighted (slice thickness 5 mm; 1 mm interslice gap), and
coronal three-dimensional fast spoiled gradient echo (slice
thickness 2.2mm; -1.1mm interslice gap) sequences
were available. Coronal T2 FLAIR imaging was not done
due to time constraints.

Image interpretation

Visual assessment was done by experienced radiologists
(AS (who had studied PLHS in 3 T) and SS) who were
blinded to clinical and EEG findings; MRI findings were
recorded by consensus. Positive PLHS was declared when
more than two thirds of hippocampal striations were not
seen in two or more consecutive T2 coronal images
(Figs. 1 and 2) on motion-free images (when there was pa-
tient movement, the sequence had been repeated. In such
cases, only the second set of motion-free images was used
for image interpretation; so, the quality of images could be
maintained). High signal intensity of the hippocampus
was noted on coronal T2 images and the volume of the
hippocampus was noted as normal or reduced (by eyebal-
ling) on coronal spoiled gradient recalled echo (SPGR) se-
quence. Each MR image was displayed and interpreted on
a high spatial resolution 1280 x 1024 monitor (Multisync
1990SXi, NEC, USA) with magnification (x 2).

Statistical analysis

Age and sex distribution of subjects demonstrating PLHS
were analysed using SPSS software. We did not attempt to
calculate sensitivity and specificity of PLHS as definite
gold standard could not be defined for hippocampal scler-
osis (unlike previous studies [3, 5] that used clinical-
electroencephalogram combination as a gold standard,
our patients were referred by different clinicians and EEG
correlation was not available in all patients).

Results

The 116 PLHS subjects (age range 2—73 years, mean age
21.75, median age 16) included 62 males (53.9%; age range
2-68 years, mean age 21.6, median age 14.5) and 54
females (46.6%; age range 2—73 years, mean age 21.93, me-
dian age 16.5).

Sixty-six (56.9%) of our PLHS subjects were less than
18 years of age: 44 (37.9%) under the age of 12 years and
22 (19%) of 12—18 years of age.

Nineteen patients had definite extra-hippocampal path-
ology on routine MR imaging (seven sequelae of perinatal
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Fig. 1 a—e High-resolution coronal T2-weighted images with
magnification. Arrowheads indicate hippocampal striations. a Normal
hippocampus: hippocampal striations seen on both right and left sides.
Symmetry of semicircular canals can be seen along bottom comers of
image on either side. b Left PLHS: hippocampal striation seen better
on the right side. On the left side, it is seen only in medial aspect of
hippocampus, not in its lateral aspect. ¢ Left PLHS: hippocampal
striations seen on the right side, not on the left. d Right PLHS:
hippocampal striation seen faintly on the left; not on the right. e
Bilateral PLHS: hippocampal striation not well seen on either side

insult, five craniovertebral junction anomalies, two
chronic infarcts, three gliotic, one sequela of meningo-
encephalitis, one arachnoid cyst).

Classic signs of hippocampal sclerosis (increased signal
intensity and volume loss) were found in only 7 (6%) of
the 116 subjects showing PLHS. All these 7 subjects also
showed PLHS on the same side as the classic signs.

Awake EEG correlation was available in 91 (78.46%) of
patients, of which 44 were positive. In one patient, posi-
tive EEG was obtained only during sleep EEG recording.
Most common EEG abnormalities were purely frontal
(18.2%) and purely temporal (13.2%); temporal lobe
along with adjacent (parietal/frontal/occipital) lobes was
focally involved in another 20%.

A 73-year-old woman who showed PLHS was clinic-
ally more likely to be ‘hippocampal sclerosis-associated
with ageing’ [6] than Alzheimer’s disease [7]. The rest of
the patients (115) were clinically ‘seizure disorder’.

Of the control population (25 subjects, age range
3-76 years, 17 males and 8 females), one showed PLHS.
He was a primary CNS lymphoma patient who had com-
pleted treatment, with no history of seizures; EEG cor-
relation was not available (we could not rule out absence
seizures etc.). We feel that EEG correlation would be
ideal in control population also, in future studies.

Discussion

PLHS was much more common than hippocampal atrophy
on MR imaging of epileptic patients. This finding in this
study may be partially due to the milder cases of epilepsy
in our patient population (refractory epilepsy—severe med-
ial temporal lobe epilepsy (MTLE)— being considered for
surgery were usually imaged in institutes focussing on epi-
lepsy surgery; many cases referred to us were seizures well
controlled with anti-epileptic drugs, where tapering/stop-
ping medications was being considered).

We had initially wondered whether hippocampal stria-
tions and partial loss were seen in young children (youn-
gest patients reported in previous studies were 14 [3]
and 20 [5] years). But 44 (37.9%) of our PLHS subjects
were under age of 12years. We are not sure whether
normal hippocampal striations would be seen in all nor-
mal children. Normal controls were difficult to find
younger than 10 years (since children clinically referred
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Fig. 2 a-d High-resolution coronal T2-weighted images with
magnification; e Coronal SPGR image with magnification. Arrowheads
indicate hippocampal striation. a Left PLHS: hippocampal striation
(arrowheads) seen better on the right side; not well made out on the
left. Cochleae are seen symmetrical on both sides. b Left PLHS:
hippocampal striation (arrowheads) seen better on the right side; seen
only in medial aspect of the left hippocampus. Semicircular canals are
seen symmetrical on both sides. ¢ Right PLHS: hippocampal striation
(arrowheads) seen on the left side; not on the right. The right
hippocampus is also small, with increased signal intensity. d Bilateral
PLHS: hippocampal striation not seen on either side; the right
hippocampus is smaller in size. e Bilateral PLHS: small size of right
hippocampus is also seen on coronal SPGR image

for MRI at this age usually had some abnormality and
many children (less than 7 years) require light/deep sed-
ation due to noise and claustrophobia).

MRI and histopathological evidence of hippocampal
sclerosis has been seen in children as young as 4 years [8].
Some studies have shown hippocampal abnormalities to
be familial [9], and significant hippocampal asymmetry
has been seen in asymptomatic relatives of hippocampal
sclerosis patients [10], raising the possibility that such ab-
normal hippocampi may be epileptogenic when the child
is febrile. The severity of hippocampal volume loss has
been shown to correlate with both the number of second-
ary generalised seizures [11] and duration of epilepsy [12],
suggesting that recurrent seizures cause further damage to
the hippocampus.

We feel that PLHS is not specific for primary mesial
temporal sclerosis (MTS), but can be seen in secondary
MTS as well. The clinical and available EEG data point
in this direction: even when EEG activity suggested other
lobes (most common EEG abnormality (18.2%) was in
the frontal lobe, followed by temporal lobe (13.6%)),
PLHS was positive in the temporal lobes. Other lesions
found on routine imaging (sequelae of perinatal insult,
craniovertebral junction anomaly, etc.) may be the pri-
mary cause of seizures. Paucity of hippocampal digita-
tions (a feature of MTLE, independent of hippocampal
atrophy) observed in non-atrophic hippocampi contra-
lateral to seizure foci at 7 T [5] also supports this postu-
lation of secondary MTS. High (79%) frequency of dual
pathology (cortical dysplasia along with hippocampal
sclerosis) has been found in children and adolescents
[8]. Studies showing hippocampal abnormalities in simi-
lar proportions in both acquired and developmental
extra-hippocampal pathologies in children [13] imply
that hippocampal abnormalities may be due to seizures
from remote extra-hippocampal foci.

The finding of two hippocampal subregions ((1) lateral
Ammon’s horn (CA1-CA3) and (2) dentate gyrus with
CA4) being slightly smaller on left side of healthy con-
trols at 7T [5] may have some bearing on the fact that
majority of our PLHS was on the left side.
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Diagnosis of unilateral PLHS was relatively easy (due
to comparison with the normal side), while that of bilat-
eral PLHS needed strict application of the diagnostic cri-
teria proposed by Hanamiya et al. [3]. This reiterates the
need for validation of these diagnostic criteria.

Both ‘hippocampal sclerosis- associated with ageing’
[6] and Alzheimer’s disease [7] have hippocampal MRI
changes. Unilateral/bilateral hippocampal atrophy and
increased signal intensity have been described [14] in
‘hippocampal sclerosis dementia’ (another name for ‘hip-
pocampal sclerosis-associated with ageing’). Adachi et al.
[7] have demonstrated hypointense band along inner
margin of hippocampus proper (corresponding to stria-
tions) on T2 and diffusion-weighted images at 1.5 T and
noted that it is poorly visualised (corresponding to thin-
ning of white matter in histopathology) in Alzheimer’s
disease. They found diffusion-weighted images (DWI)
better than T2-weighted images in identification of hip-
pocampal striations, possibly due to the higher NEX and
longer imaging time spent in DWI. Also, the very thick
slices used (by Adachi et al.) for T2-weighted images
may have affected the results.

Hanamiya et al. [3] speculated that hippocampal stria-
tions may correspond to stratum radiatum and/or
stratum moleculare seen on ex vivo imaging [15], while
others have called it superficial medullary lamina [7] and
Ammon’s horn white matter [5]. This thin layer of white
matter between the internal dentate gyrus and the exter-
nal CA1, CA2, and CA3 subfields is a new radiographic
landmark; it appears hypointense on the T2-weighted
ESE acquisition and has been used in differentiating den-
tate/CA4 region from CA1-CA3 subfield in volumetry
[16] studies. Howe et al. [17] recently demonstrated the
T2 hypointense hippocampal layer on T2 FSTIR (fast in-
version recovery) to be stratum lacunosum by 3T MR
scanning of temporal lobes (both in vivo (presurgical)
and ex vivo (post-surgical specimens)) and correlating
with histopathology. This is supported by ex vivo MR
microscopy (correlating MR images with histological
stains of the same sections) at 9.4 T [18] and 7T [19]
which found that very low signal intensity is seen in ei-
ther heavily myelinated laminae (which may also contain
iron) or highly cellular layers. MR microscopy (MRM) at
9.4 T [18] also found stratum lacunosum to be hypoin-
tense on MRM images with corresponding dip in signal
intensity profile due to its high myelin content.

Howe et al. [17] showed that it is possible to see this T2
hypointense hippocampal layer on 1.5T (though less
clearly than on 3 T). Adachi et al. [7] also have demon-
strated it on T2-weighted images at 1.5 T. We are demon-
strating the hippocampal striations and their partial loss on
T2 coronal images at 1.5T. Periodically rotated overlap-
ping parallel lines with enhanced reconstruction (PROPEL-
LER) sequence which compensates for translational and
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rotational head movement during scan has been shown to
be useful in demonstration of hippocampal striations at 3
T [20]. But to obtain coronal images perpendicular to the
long axis of hippocampus, patient head had to be tilted for-
ward (since we could not acquire the scans obliquely)—this
forward tilting was not possible in some patients. Some
people have found that they could get coronal PROPEL-
LER images without bending the subjects’ neck.

Hippocampal volume loss (measured by manual or
automatic methods—volumetry) is not sensitive or spe-
cific for hippocampal sclerosis. Studies have reported that
up to 15% of hippocampal sclerosis patients may have
normal hippocampal volumes [21] on MR imaging and
that more than 10% difference between the right and left
hippocampal volumes was a normal variation in some
healthy people [22]. MR diffusion-weighted imaging [23]
and MRS [24] were reported to be less sensitive than
PLHS. Secondary MRI findings were reported to be more
useful [25] than hippocampal volumes and MRS data. The
temporopolar blurring of grey-white junction has been re-
ported in MTS; examination of surgical specimens at 7T
showed axonal degeneration and significant decrease in
the number of axons in those cases [26].

Cohen-Gadol et al. [27] had found patients whose clin-
ical and EEG findings were consistent with MTLE, but
no atrophy/increased signal intensity on MRI; they had
termed them PTLE (paradoxical temporal lobe epilepsy).
Cases showing only PLHS (and no classical signs of hip-
pocampal sclerosis) may coincide with this PTLE.

Our high-resolution T2 imaging took ~2min which
was clinically feasible. Longer imaging time may increase
the signal-to-noise ratio and hence the frequency of MR
diagnosis.

Quantitative methods [3, 5, 16, 17] of detecting hippo-
campal sclerosis (by subfield volumetry—measuring
thicknesses of CA1-3) consume time and effort. PLHS
may be an easier technique for early detection of hippo-
campal sclerosis. PLHS may provide a surgical option in
patients with refractory mesial epilepsy who have normal
or nonspecific findings on routine MRI (labelled MR-
negative TLE); recent reports show early surgery [28] to
be very effective in pharmacoresistant epilepsy.

Conclusion

Hippocampal striations have already been demonstrated
at 1.5T [7, 17], though called by different names (super-
ficial medullary lamina [7] and hypointense band [17]).
PLHS has been demonstrated and found to be useful in
epilepsy on 3T [3, 4] and on 7T [5] MR. PLHS is dem-
onstrated at 1.5T in both adult and paediatric popula-
tion in this article and is much more common than the
classic signs of hippocampal sclerosis (increased signal
intensity and volume loss).
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Limitations of our study include lack of histological
correlation (difficult to obtain in milder cases of hippo-
campal sclerosis where PLHS is likely more useful) or
clinical gold standard (different referring clinicians).
However, due to wider availability of 1.5 T (compared to
3T) and significant clinical implications, we believe that
studies with more rigorous criteria should be done to
confirm the validity of (and lay down diagnostic criteria
for) PLHS at 1.5 T.
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