Optimizing the Diagnosis of Hippocampal Sclerosis Using MR
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PURPOSE: To establish the optimal imaging parameters and MR features of hippocampal sclerosis.
METHODS. Twenty-five outpatients with intractable temporal lobe epilepsy and 10 control subjects
were studied at 1.5T. Four features of hippocampa l abnormality were specifi ca ll y evaluated:
increased hippoca mpal signal on T2-weighted images, decreased signa l on T1-weighted images,
hippocampal atrophy , and disruption of the internal hippocampal structure. RESULTS. Hippocampal sclerosis was diagnosed alone in 64% of patients and with ipsilateral pathology in a further
8 % . In these 18 cases, increased hippocampal signal on T2-weighted images wa s seen in 77 % ,
hippocampal atrophy in 83 %, decreases signal on T1-weighted images in 83 %, and disru ption of
the internal hippocampal structure in 89 % . No abnormality was reported in an y of the 10 control
cases. CONCLUSIONS. Four MR features diagnostic of hippocampal sclerosis are reported.
Inversion recovery images are very useful for identifying decreased signal in the hippocampus and
loss of internal structure within the hippocampus. Based on an appreciation of these four features
in optimized images, hippocampal sclerosis can be diagnosed with a high degree of accuracy and
sensitivity.
Index terms: Sclerosis, hippocampal; Degenerative brain disease; Brain , magnetic resonance ;
Brain, temporal lobe; Seizures
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Pathologic examination shows hippocampal
sclerosis in approximately 65 % of epilepsy patients who . undergo temporal lobectomy (1-3).
Until recently, many magnetic resonance (MR)
studies have failed to detect hippocampal sclerosis reliably (4-8). Most reports have relied solely
on the detection of an increased signal on T2weighted images in the mesial temporal region.
Although this increase is an important feature of
hippocampal sclerosis, it can also be caused by
small mesial temporal tumors, increased cerebrospinal fluid (CSF) space , and posttraumatic dam-

age. It may also arise from flow artifacts due to
the proximity of blood vessels. Its diagnostic
relevance has thus been questioned (9).
· In our experience, increased signal on T2weighted images is present in most cases of
hippocampal sclerosis. However, it may be subtle
and restricted to the hippocampal gray matter,
and can even be obscured by the windowing
process when hard copy film is made for clinical
reporting. The degree of abnormality needed to
diagnose pathology , and the criteria used for this
diagnosis, also varies among the imaging specialists reporting (10, 11). As a result, increased
signal on T2-weighted images in the mesial temporal region has been reported with variable frequency in cases of hippocampal sclerosis. While
most studies have reported increased signal on
T2-weighted images in 30 % of cases or less (4,
5, 7, 8), a few reports have put this figure as high
as 70 % (10, 11).
The importance of hippocampal atrophy as a
sign of hippocampal sclerosis has been less emphasized. Using a retrospective blinded reporting
method in a series of 81 temporal lobectomy
cases, hippocampal sclerosis was reliably diag-
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nosed by MR imaging performed at 0.3T. Of 51
pathologically proved cases of hippocampal sclerosis, 93 % were detected using the criteria of
visually graded hippocampal atrophy and/or increased hippocampal signal on T2-weighted images ( 11 ). To achieve these results , understanding
the imaging anatomy of the hippocampus and
the pathologic anatomy of hippocampal sclerosis
is essential. Images in the appropriate planes with
both T1- and T2-weighted sequences enable accurate assessment of hippocampal morphology
and the location of any signal abnormality . Volumetric analysis of coronal hippocampal images
has provided quantitative confirmation of the
observation that reduced hippocampal size, when
present, does reliably predict the side of the
epileptogenic temporal lobe (12, 13).
In this paper, we present findings in 25 consecutive outpatients with intractable temporal lobe
epilepsy and 10 healthy control subjects studied
at 1.5T. We have confirmed the previous findings,
in an outpatient population, and have allowed the
identification of further radiologic signs of hippocampal sclerosis.

Materials and Methods
W e eva luated 25 consecutive adult patients referred
from the National Hospital for Neurology and Neurosurgery
with the problem of intractable temporal lobe epilepsy.
Mean age was 28 years (range , 15 to 48 years) and the
mean age of seizure onset was 10 years (range, 3 months
to 24 years). Patients had an average of eight seizures per
month (range, three to 48), including simple partial, com plex partial , and secondarily generalized seizures. Eleven
(43 % ) of these had febrile convulsions in childhood lasting
m o re than 30 minutes.
MR imaging was performed at the Hospitals for Sick
Children . Two neurologists independently assessed each
patient and reached a consensus diagnosis including lateralization and loca lization of the epilepti c focus, if possible,
after review of all available data apart from the MR . These
included clinical interview , multiple surface interictal electroencephalograms (EEGs) , detailed neuropsychologic
evaluation , and when necessa ry, ictal video EEG . Depth
electrode studies were performed in three cases. Both leftand right-handed patients were included. Pathology was
obtained in all 10 patients who subsequently underwent
temporal lobe resection and the diagnosis of hippocampal
sclerosis was based on visually graded neuronal loss of
greater than 50 % in Sommer 's sector supported by gliosis
in the cornu am m o ni s and end folium.
Ten control subjects of similar age who had no medical
problems underwent identica l MR imaging. All images were
obtained from a Siemens 1 .5-T whole-body system , using
a c irc ularly polarized head coil as both transmitter and
receiver.

Imaging Planes
The hippocampus is most completely assessed by images in two orthogonal planes. The optimal planes for
diagnosis of hippocampal sclerosis are along the long axis
of the body of the hippocampus and at right angles to this
(11 , 14-16). This orientation avoids oblique images of the
hippocampus that can be difficult to interpret because of
partial volume effects. The anterior border of the brain
stem, extending across the pons as seen in the sagittal
view, was the radiographic landmark for orientation of the
central section of the coronal sequence (Fig. 1, line A). The
central section of the axial images lies along the line drawn
from the lowest point of the splenium of the corpus
callosum to the inferior frontal lobe margin (Fig. 1, line B) .
This imaging axis is at approximately 35° to standard axial
and coronal images.

Imaging Protocol
Visualization of the hippocampal gray matter is important for the diagnosis of hippocampal sclerosis, so accurate
distinction of gray matter from white matter, and of gray
matter from CSF, is essential. Inversion-recovery images
(3500/26 (TR/ TE); inversion time, 300 ms; section thickness , 5 mm) in the tilted axial and coronal planes give
optimal anatomical definition of the hippocampal gray
matter. The inversion-recovery sequence was chosen because it provides details of the internal structure of the
hippocampus and demonstrates decreased signal on T1weighted images in gliotic areas. We used an asymmetrical
field of view with a 256 X 128 matrix to reduce scanning
time to 7.5 minutes per sequence . With the acquisition of
both axial and coronal images , the whole hippocampus can

Fig. 1. Landmarks for orientation of the central section of the
modified imaging axis in the coronal (A) and axial (B) planes are
shown in the sagittal scout view. The latter plane is tilted approximately 35° from the standard CT imaging axis. Generally these
axes are approximately at right angles to each other.
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Fig. 2. The normal anatom y of the
hippocampus is shown in these tilted
coronal and axial T ]-weighted inversionrecovery images (3500/ 26; inversion
time , 300 ms). In all figures , the patient's
left is on the righ t side of the image.
A , The hippocampus has an oval
cross section , as shown in this coronal
section angled parallel to the long axis of
the brain stem. The hippocampi are
symmetrical, and the signal in the hippocampal gray matter on Tl-weighted
images appears similar in intensity to
normal cortical gray matter. Internal
structure can be seen within the hippocampi (see Fig. 6).
B, In this angled axial section through
the long axis of the hippocampus, the
entire hippocampal head and body can
be seen . The hippocampus appears as a
A
curved sausage-shaped structure with
the head forming the most anterior portion and the curved body of the hippocampus extending posteriorly with constant thickness (as labeled in Fig. 3). The head of the
hippocampus lies directly below the amygdala and in this section none of the amygdala is seen .

B

TABLE 1: MR imaging diagnosis (outpatient population, n

=25)
%

Hippocampal sclerosis alone
Foreign-tissue lesions
Other significant'
No abnormality

5

64
20

2
2

8
8

16

' One FTL and one dysplasia also showed HS.

be assessed despite a section gap of 2.5 mm. Increased
hippocampal signal on T2-weighted images was assessed
on the second echo of a coronal double echo short tau
inversion-recovery sequence (4000/23 and 85 ; inversion
t ime, 145 ms) that covered the entire brain (17) .

Image Evaluation
The diagnosis of hippocampal sclerosis was based both
on the previously pathologically validated criteria of a
visually graded unilaterally small hippocampus and/or increased signal on T2-weighted images localized to the gray
matter of t he hippocampus (11), and on the additional
criteria of disruption of the internal morphology of the
hippocampus and the presence of decreased signal in the
gray matter of the hippocampus seen in inversion recovery
images.
Three independent observers blinded to other information evaluated the images and reached a consensus diagnosis in cases of disagreement. Control and patient scans
were mixed during the assessment procedure. Each observer was asked to make an overall diagnosis and to note
the Iateralization of the pathology . Each of the four features
of hippocampal pathology , namely, decreased signal on
T1-weighted images, increased signal on T2-weighted images, atrophy, and loss of internal morphologic structure,
was assessed individually in all cases. The morphology of

the hippocampus was assessed by grading the presence of
normal hippocampal internal structure , and the side-to-side
symmetry of the hippocampal gray matter.

Results

We (11, 14) and others (15, 18) have previously
emphasized the importance of knowing the details of normal and pathologic hippocampal anatomy for accurate interpretation of MR imaging
(Figs. 2 and 3). We assessed hippocampal morphology and hippocampal T1 and T2 signal intensity in 10 healthy volunteers. In no control
case was abnormal internal structure or significant side-to-side asymmetry reported; this finding
is consistent with the findings in controls using
hippocampal volume measurements ( 18). The
signal on T1- and T2-weighted images within the
hippocampus was evaluated in tilted axial and
coronal sections by each of the three observers.
No abnormality of these features was reported in
any control case by any of the three observers.
Hippocampal sclerosis was the sole MR imaging diagnosis in 16 of these 25 outpatients (64 % ).
Two further cases of hippocampal sclerosis were
found on the same side as other pathology (a
glioma and cortical dysplasia). Foreign-tissue lesions such as a hamartoma or glioma were found
in 20 %, and significant other pathology in 8 %
(cortical dysplasia and temporal cyst). No detectable MR imaging pathology was reported in 8 %
(Table 1). The frequency with which each MR
imaging feature of hippocampal sclerosis was
reported in the 18 patients diagnosed by all three
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observers as hippocampal sclerosis is shown in
Table 2.
Decreased signal on T1-weighted images (Figs.
38, 3C, and 4A) was found in 15 (83 %) cases
with the MR diagnosis of hippocampal sclerosis,
and increased signal on T2-weighted images (Fig.
4B) was reported in 14 (77 % ). Signal abnormality
on both T1- and T2-weighted images was present
in 11 cases. There was variability among the
latter cases in the relative degree of signal abnormality on Tl- and T2-weighted images. In some,
the T1-weighted imaging change was more obvious than the signal abnormality on T2-weighted
images, and in others, the reverse was true.
These diagnostic features can also be seen in
axial images (Fig. 3). In some cases, decreased
T1-weighted signal is seen most clearly in this
image orientation. The axial plane has the advantage that seeing the entire length of the abnormal
hippocampal segment in a single image allows
determination of the posterior extent of the signal
abnormality (eg , Fig. 3C).
Hippocampal atrophy was found in 83 % of the
cases diagnosed as hippocampal sclerosis (Figs.
38, 4A, and 5A). Although, in our experience,
the oblique coronal plane is the more sensitive
for assessing atrophy in the majority of cases,
oblique axial images enable assessment of the
length of hippocampal atrophy in a single section
(Fig. 38). In three cases, the hippocampus diagnosed as showing sclerosis was not assessed as
atrophic in the midhippocampal body. Signal
abnormalities in T1- and T2-weighted images,
and loss of internal morphology, easily enabled
the correct lateralization and diagnosis of hippocampal pathology even without visible hippocampal atrophy. In one of these cases, pathology
confirmed the presence of hippocampal sclerosis
following temporal lobe resection. In the other
two cases, focal atrophy was present in the hippocampal head on MR images (eg , Fig. 58).
Disruption of the internal morphologic structure of the hippocampus is the most difficult
feature to define . Knowledge of the MR appearance of the coronal microscopic anatomy of the
normal and pathologic hippocampus enables its
TABLE 2: Diagnostic features of hippocampal sclerosis (n

= 18)
%

Hippoca m pal atrophy
Disrupted internal structure
Increased T2-weighted signal
Decreased T ! -weighted signal
• Sa me cases in only 11 of the 15.

15
16

14
15

83

89
77"
83"

recognition (Figs . 5 and 6). Loss of internal structure was found in 89 % of patients, and was
reported more frequently than any other feature
by all three observers. It was not reported in any
of the control hippocampi. One case in which it
was the only abnormality suggesting left hippocampal pathology (Fig. 5C) was not diagnosed as
hippocampal sclerosis because of uncertainty
about how it should be interpreted when present
as a solitary feature. EEG data suggested a left
temporal abnormality, and atrophy of the whole
left hemisphere, including the temporal lobe, was
also present. However, other findings were difficult to interpret, and surgery is not contemplated
at present.
All four diagnostic features were found together in only 39 % of cases (Table 3). If any one
feature was taken on its own , the sensitivity of
the diagnosis of hippocampal sclerosis would
have been only 89 % at best (Table 2). This
reflects the fact that different features are more
prominent in some cases than others, and may
be due to heterogeneity within the pathologies
that are interpreted as hippocampal sclerosis.
Temporal lobe resection with removal of medial structures or selective amygdalohippocampectomy was performed in 10 of the 25 patients
in this series. Sufficient hippocampal material for
diagnosis was available in six cases, and in all of
those, the MR imaging diagnosis of hippocampal
sclerosis was confirmed pathologically.
Discussion

The structural anatomy of the normal hippocampus is shown by these imaging techniques
(Fig . 2). This degree of detail allows the identifi- ·
cation of subtle degrees of pathology, and detailed noninvasive assessment of the normal hippocampus.
The hippocampus can be divided into three
main parts (19); a head, a body, and a tail (Fig.
3). The hippocampal head (also known as the pes
hippocampi indentatus) is the most anterior portion, and lies directly beneath the amygqala.thqt
caps in anteriorly and superiorly. The hippocam~
pal head has characteristic indentations .that can
be seen in the appropriate axial and coronal Tl- ·
weighted images. The hippocampal body is a
small curved sausage-shaped structure, which
forms an incomplete ring of gray matter around
the brain stem in the most medial portion of the
temporal lobe. The body can be defined as the
portion of the hippocampus that begins anteriorly
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Fig. 3. A , Diagram of the normal anatomica l features of the hippocampal formation as seen in the modified ax ial imaging plane, also showing its medial anatomy that projects superiorl y out of this
plane.
8 , Th e fea tures of hippocampal sclerosis on Tl -weighted images (3500/ 26;
inversion time, 300 m s; section thick ness, 5 mm) are sho wn in the right hippocam pus (arrowheads) . Compared wi th
the left hippocampus, it is small , wi th
abnormal signal in the head compared
with the body . The gray m atter is thinner
than in the normal left hippocampus
throughout its length. The lateral boundary of the hip pocampus ca n be seen as
a thin white line which is the alveus.
C, Another example of pathologica ll y
verified hippocampal sclerosis seen in the
axial plane (3500/ 26; in ve rsion time, 300
m s; sect ion thickness, 5 mm). The hippocampal head shows marked signal hypointensi ty (anterior arro whead) due to
the presence of extensive gliosis in this
region . Posteriorl y , there is atroph y of
the hippocam pal gray matter ( p osterior
arrowhead) , although this is no t as severe
as seen in the case shown in B. The m ost
prominent feature in thi s axial T lweighted image is the focal signal hypointensity.

c

in the section in which the amygdala is no longer
its immediate superior relation and it extends
posteriorly to the hippocampal tail. The hippocampal tail curves upward out of this plane to
merge with the fornix in the midline posteriorly
and superiorly (Fig . 3) .
Hippocampal sclerosis, in keeping with the
pathology literature, was the sole MR diagnosis
in 64 % of this outpatient series of 25 cases (2).
Overall it was found in 72 % of cases, which
included two in which it was present on the side
of significant other ipsilateral pathology (foreign-

tissue lesions, and cortical dysplasia). The diagnosis of hippocampal sclerosis in two difficult
cases , confirmed pathologically , relied on the
additional criteria of loss of internal hippocampal
morphologic structure and hypointensit y on inversion-recovery images.
The MR diagnostic criteria of decreased signal
on Tl-weighted images and disruption of internal
morphologic structure correspond to features
that have long been known to be the diagnostic
histopathologic features of hippocampal sclerosis
(1 - 3 , 20 , 21) (Table 4) . The features that are used

758

Fi g. 4. A, T1 -weighted inversion-recovery images in the tilted coronal plane
(3500/26; inversion time , 300 ms). Hippoca mpal sclerosis in a 24-year-old
woman with a history of severe febrile
convulsio n at the age of 18 months, and
intractable co mplex partial seizures of left
tempo ral lobe o rigin. Tilted coro nal section thro ugh the hippoca mpal body
shows severe left hippoca mpal atrophy,
signal hypointensity , and loss of the features of internal hippocampal struc ture
(arrowhead) .
8 , In the sam e patient as in A, a
similarly oriented T 2- weighted image
(4000/85; inversio n time, 145 m s) shows
increased signal intensity (arrowhead) in
th e sam e regio n as the signal hypointensity. Assessm ent of hippoca mpal
atrophy and internal stru cture is difficult
in this image.

A

AJNR: 14, May/ June 1993

JACKSON

A

B

B

c

Fig. 5 . A, Severe atrophy and marked signal hypointensity (arrowhead) is seen on a T1-weighted image (3500/ 26; inversion time ,
300 ms; section thi ckness, 5 mm) in the right hippocampal body of an 18-yea r-old man w ith a history of febrile convu lsions complicated
by left hemiparesis.
8 , Signa l abnormali ty on a T1-weighted image (3500/26; inversion time, 300 ms; section thickn ess, 5 mm) and loss of the normal
internal structure of the hippoca mpus is seen in the left hippoca mpus of a 26-year-old patient with temporal lobe epilepsy (arrowhead).
Atrophy of this hippoca mpus was not reported.
C, An abnorma l hippocampus on the left (arrowhead) showing loss of definition of internal structure without definite hippocampal
atrophy o r signal change (3500/ 26; inversion time, 300 ms; section thickness, 5 mm). This was not diagnosed as hippocampal sclerosis,
but we interpret this as pathologic. Note that the temporal lobe on that side is also atrophic, as is the entire hemisphere (enlarged lateral
ventricle). Surface EEGs suggested a left temporal focu s (see text).

to make the pathologic diagnosis of hippocampal
sclerosis can now be assessed by MR images
optimized to display hippocampal morphology
and tissue abnormalities.
There is a large gradation of pathologic abnormality that falls within the diagnostic category of
hippocampal sclerosis, from minor end-folium
gliosis to extensive gliosis and cell loss (20). The
more subtle degrees of hippocampal pathology
depend on the assessment of hippocampal atrophy , gliosis , and neuronal cell loss in making a

final pathologic diagnosis. Similarly , the use of all
four MR imaging criteria applied to different sequences and optimally oriented axes enables hippocampal pathology to be diagnosed with maximal sensitivity using MR imaging.

Altered Hippocampal Morphology
The microscopic neuronal loss and gliosis that
characterizes hippocampal sclerosis is associated
with macroscopic atrophy of the hippocampus
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Normal hippocampal structure

Cornu Ammonis
(pyramidal cell layer )

Dentat e gyrus
(molecular cell layer )

_j
B

A

Features of hippocampal sclerosis
(changes in internal morphological structure)
Loss of CA3 neurons.
replacement gliosis
Enlarged temporal horn
of th e lateral ve ntricl e

Loss of pyramidal
ce ll neurons and ---:~~

Preserved
CA2 neurons

L o~s

of CA 1 neurons,
replacement glios is
and volume loss

c

D

Fig. 6. A, The features of the norma l hippocampal structure are shown on 5-mm thick Tl-weighted inversion-recovery images
(3500/26; inversion time, 300 ms; section thickness, 5 mm) oriented at right angles to the hippocampal body . The cornu ammonis is
seen as a layer of decreased Tl-weighted signal intensity (arrowheads) , and the end folium can also be seen (arrow) . The most clearl y
seen layer of pyramidal cells is in the CA 1 and CA2 region and the end folium.
B, A diagram of this region shows the corresponding anatomical and histologic features of the region highlighted in A.
C, The features of hippocampal sclerosis (arrowhead) are identified in this Tl-weighted inversion-recovery image (3500/ 26; inversion
time , 300 ms; section thickness, 5 mm). There is atrophy , Tl signal hypointensity, and loss of all of the internal features of the normal
hippocampus.
D, The pathologic abnormalities of hippocampal sclerosis that these imaging changes represent are shown in diagrammatic form .
The diagram corresponds to the region marked in C.

TABLE 3: Number of MR imaging features in each case diagnosed as
hippocampal sclerosis (n

= 18)
%

Two features
Three features
Four features

5
6
7

27
33

39

as reported by nineteenth century pathologists in
autopsies of patients with epilepsy (2). Normal
internal morphologic structure of the hippocampus is produced by the alveus, the molecular cell
layer of the dentate gyrus, and the pyramidal cell
layer of the cornu ammonis, and can be seen on
optimized coronal MR images (Figs. 6A and 68).
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TABLE 4: Features of hippocampal scl erosis

MR Feature of Hippocam pa l Sclerosis

Suggested Histo pathologic Correlate of the
MR Imaging Abnorma lity

Unilateral atroph y (right compared with
left)

Hippoca mpal atroph y

Loss of internal morphologic structure
on in version reco very images

Loss of neurones in CA 1, CA3, and CA4 and
repl acement gliosis (Fig. 60 )

Inc reased signal on T 2-weighted images

Gliosis

Decreased signal on T l -weighted images (inversio n recovery)

Gliosis

In hippocampal sclerosis , the loss of this normal
internal structure is a consequence of neuronal
cell loss and replacement of normal anatomical
layers with gliotic tissue (Figs. 6C and 60).
Because of the large variation in normal size
(13 , 15), atrophy may be accurately detected
only using the criterion of hippocampal asymmetry. Normal hippocampi were symmetrical as
assessed subjectively in the current study , and
by volumetric analysis in previous studies (15,
19). We found hippocampal atrophy in 83 % of
patients with hippocampal sclerosis by careful
visual analysis of optimized images (Table 2) .
This frequency is comparable to that reported
using volumetric techniques (12 , 13). Accuracy
of quantitative volume measurements require
analysis of contiguous thin sections oriented at
right angles to the long axis of the hippocampus
which were not acquired in the current study.
Bilateral hippocampal abnormalities are also
difficult to detect using atrophy as a sole criterion
because of the variation of normal size . Like our
qualitative visual method , reliable quantitative
volumetri c techniques rely on the comparison of
the patient 's two hippocampi ( 12). The use of
absolute volumetric c riteria may lead to errors of
lateralization ( 12, 13).
Atroph y was not diagnosed in three cases in
which signal change was present in the hippocampal gray matter. In two of these cases, subsequent review showed areas of focal atroph y in
the hippocampal head that had not been detected
with certainty in the report ing process. This emphasizes tha t the use of multiple c riteria increases
t he sensi tivity of the diagnosis of hippocampal
scl erosi s.
Loss o f internal m orphologic structure of the
hippoca mpus has been identified in t his stud y as
an MR imaging feat u re of hippocampal patholo gy. It is a sensitive sign of hippocampal sclerosis,
usually seen when atroph y is present, but w e are

uncertain whether it is sufficient for the diagnosis
in the absence of other features . However, we
suggest that a clearly visualized intact hippocampal internal structure is inconsistent with the
diagnosis of hippocampal sclerosis.

Altered Hippocampal Signa/Intensity
For reliable diagnosis of hippocampal sclerosis,
a heavily T2-weighted image in the oblique coronal imaging plane is helpful. Our experience
suggests that an abnormal signal on T 1- or T2weighted images arising from an atrophic hippocampus always represents hippocampal sclerosis.
An abnormal signal arising from an apparently
enlarged hippocampus may represent a hamartoma or glioma ( 11 ).
Increased T2-weighted signal when localized
imprecisely to the "mesial temporal region" may
be caused by foreign tissue such as a glioma or
hamartoma , by gliotic tissue in the hippocampus,
by increased CSF in the atrophied region , by flow
artifacts, and occasionally by a developmental
cyst in tr-= hippocampal head stemming from
failure of closure of the lateral aspect of the
hippocamj)al fissure (22) . Careful determination
of the exact location of this signal change using
T1 -weighted images to give clear anatomical detail enables the correct diagnosis to be made. The
MR imaging diagnosis that is based on all four
diagnostic features of hippocampal sclerosis in
optimized images is more sensitive than any single feature , such as atrophy or T2-weighted signal
hyperintensity , taken on its own (Table 2) .
For reasons discussed earlier , the frequenc y
w ith which increased signal on T2-weighted images is found in cases of hippocampal sclerosis
has varied markedly between different series (4,
5 , 7 , 8 , 10, 11 ). We have found hyperintensity
on T2-weighted images by visual grading in 77 %
of cases . We are currentl y investigating the prev-
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alence of abnormal T2 relaxation time in hippocampal sclerosis by T2 relaxometry (23) .
We report in this paper the finding of decreased
hippocampal signal on Tl -weighted images, seen
on inversion-recovery images, in 83 % of cases of
hippocampal sclerosis. We have found this decreased signal on Tl -weighted images to be at
least as important as increased signal on T2weighted images in making the diagnosis of hippocampal sclerosis, particularly in defining the
posterior extent of gliosis in oblique axial images ,
and it is often easier to appreciate than the signal
hyperintensity on T2-weighted images. Such signal hypointensity on Tl-weighted images in the
hippocampal gray matter on high-contrast inversion recovery imaging is not easily detectable in
the Tl-weighted images obtained from a short
TR spin -echo sequence or fast volume acquisition
technique. This is because the inversion-recovery
sequence provides better Tl contrast than the
latter two methods. The adoption of an imaging
plane that minimizes partial volume seen in conventionally oriented images (approximately 35°
to the hippocampus) also maximizes tissue contrast.
Decreased signal on Tl-weighted images and
increased hippocampal signal on T2-weighted images are characteristic of gliosis , both in human
postmortem material (our unpublished data) , and
in animal models (24) .

Correlation with Pathology and Site of Seizure
Origin
The assessment of the cross-sectional size of
the hippocampus must be made in images obtained in the modified coronal axis that transects
the hippocampus at right angles . It has been
shown that a smaller hippocampus as detected
in this plane , either qualitatively or by quantitative
methods , reliably predicts the side of the epileptogenic focus in the case of temporal lobe epilepsy (8 , 10-14) , but that absolute measures of
hippocampal size must be interpreted with caution (12 , 13, 25). Whenever adequate hippocampal histopathology has been available (51 of 81
temporal lobectomy cases previously reported
(11) , and six of the current 25 outpatient cases) ,
the hippocampal abnormalities that were identified by MR imaging have been shown by pathology to be caused by hippocampal scl erosis. F urthermore , the MR imaging abnormalit y in all but
one of the previous series of 8 1 t emporal lobectomy cases, and in all of our current series of 25
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outpatient cases , correlated with the epileptogenic temporal lobe. This was judged by the side
of temporal lobectomy , or by the consensu s diagnosis of two independent neurologists based
on all available information but blind to the MR
imaging data .

Conclusion
Hippocampal sclerosis may be diagnosed with
MR , but the sensitivity of this diagnosis , the MR
criteria by which this diagnosis is made , and the
necessity for volumetric techniques is still controversial. We report a qualitative techn ique and
diagnostic features that enable hippocampal pathology to be diagnosed in virtually all cases .
The technique reported in this paper relies
partly on inversion-recovery images. Although it
takes 7.5 minutes, this sequence provides important diagnostic information that is not easily seen
using fast gradient-echo techniques or Tl
weighted spin -echo sequences . Intractable t emporal lobe epilepsy is a common problem , and
hippocampal pathology is the most frequent underlying abnormality . Images that can be provided by standard MR imaging systems enable
accurate qualitative assessment of hippocampal
pathology .
We propose that altered h ippocampal signal
intensity (on Tl and/ or T2 weighted images) and
altered hippocampal morphology (atrophy and /
or loss of internal structure) constitute the MR
diagnostic features of hippocampal sclerosis . W e
have focused this study on outpatients, and report MR techniques and diagnostic criteria that
any center with an MR facilit y can adopt without
needing to develop new quantitative m ethods of
analysis .
The diagnosis of hippocampal scl erosis is important to a patient w ith intractabl e epilep sy who
is being considered for epilepsy surgery. The
most sensitive and specific techn ique should be
used (26), as the reliable noninvasive diagnosis of
hippocampal sclerosis ma y speed up the assessm ent process for patients undergoin g epilepsy
surgery, and provide evid ence of pathology to
support the decision to offer surgery.

Acknowledgm ents
We are grateful to the Department of Pathology (Nationa l Hospita l for Neurology and Neurosurgery), Professor
D. Gadian (Institute of Ch ild Health, London , UK), and Julie
Shepherd and Sandra Powell (Neuroradiography).

762

AJNR : 14, May/ June 1993

JACKSON

References
1. Mathieson G. Pathology of temporal lobe foc i. In: Penry JK , Daly DD,
eds. Complex partial seizures and their treatment. New York: Raven
Press, 1975:163- 185
2. Babb TL, Brown WJ . Pathological findin gs in epi lepsy. In: Engel J Jr,
ed. Surgical treatment of the epilepsies. New York: Raven Press,
1987:511-540
3. Bruton CJ . The neuropathology of temporal lobe epilepsy. Oxford ,
UK: Oxford University Press, 1988:1-158
4. Sperling MR , Wilson C, E ngel J Jr, et al. Magnetic resonance imaging
in intractable partial epi lepsy : correlative studies. Ann Neural 1986;
20:57-62
5. Ormson MJ, Kispert DB, Sharbrough FW, et al. Cryptic structura l
lesions in refractory partial ep ilepsy: MR imaging and CT studies.
Radiology 1986;160:215-219
6. Bergen D, Bleck T , Ramsey R, et al. Magnetic resonance imaging as
a sensitive and specific predictor of neoplasms removed for intractable epilepsy. Epilepsia 1989;30:318-321
7. Brooks BS, King DW , Elgammal T . MR imaging in patients with
intractable complex partial epileptic seizures. AJNR: Am J Neuroradiol 1990; 11 :93-99
8. K uzn iecky R, de Ia Sayette V, Ethier R, et al. Magnetic resona nce
imaging in temporal lobe epilepsy : pathological correlations. Ann
Neurol1 987 ;22:34 1-347
9. Engel J Jr. Localization of the epi leptogenic lesion. In: Engel J Jr,
ed. Surgical treatment of the epilepsies. New York: Raven Press,
1987:6
10. Bronen RA , Cheung G, Charles JT, et al. Imaging findings in hippoca mpal sclerosis: correlation with pathology. AJNR: Am J Neuroradiol
1991 ;12:933-940
11 . Jackson GD, Berkovic SF, Tress BM, Kalnins RM, Fabinyi G, Bladin
PF. Hippocampa l sclerosis can be reliably detected by magnetic
resonance imaging. Neurology 1990;40: 1869-1875
12. Jack CR , Sharbrough FW, Twomey CK , et al. Temporal lobe seizures:
lateralization with MR volume measurements of the hippocam pal
formation. Radiology 1990; 175:423-429
13. Ashtari M, Barr WB , Schaul N, Bogerts B. Three-dimensional fast
low-angle shot imaging and computerized volume measurement of

the hippocampus in patients with chronic epilepsy of the temporal
lobe. AJNR: Am J Neuroradiol1991 ;12:941-947
14. Berkovic SF, Andermann F, Olivier A , et al. Hippocampa l sclerosi s
in temporal lobe epilepsy demonstrated by magnetic resonance
imaging. Ann Neural 1991 ;29: 175-182
15. Naidich TP, Daniels DL, Haughton VM , Williams A , Pojunas K,
Palacios E. Hippocam pal formation and related structures of the
limbic lobe: anatomic-MR correlation. I. Surface features and coronal
sections. Radiology 1987;162:747-754
16. Press GA, Amaral DG, Squi re LR . Hippocampal abnormalities in
am nesic patients revealed by high resolution magnetic resonance
imaging. Nature 1989;341 :54-57
17. Finn JP, Connelly A , Atkinson D. A m odified inversion recovery
seq uence for routine high contrast brain imaging (a bstr). In: Book of
abstracts : Society of Magnetic Resonance in Medicine, 1989. Berkeley, CA: Society of Magnetic Resonance in Medicine, 1989:722
18. Jack CR , Twomey CK, Zinsmeister AR, Sharbrough FW, Petersen
RC , Cascino GD. Anterior tem poral lobes and hippocampal formations: normative volumetric measurements from MR images in young
adults. Radiology 1989; 172:549-554
19. Duvernay HM. The human hippocampus. Munich: JF Bergmann
Verlag , 1988:1-153
20. Margerison JH , Corsellis JAN. Epilepsy and the temporal lobes. Brain
1966;89:499-530
21. Meldrum BS, Corsellis JAN . Epilepsy. In: Adams JH , Corsellis JAN ,
Duchen LW , eds. Greenfields neuropathology. London: Edward Arnold , 1984:921-950
22. Bronen RA , Cheung G. MRI of the normal hippocampus. Magn Reson
Imaging 1991;9:497-500
23. Jackson GD, Duncan JS, Connelly A, Austin SJ. Increased signal in
the mesial temporal region on T2 weighted MRI; a quantitative study
of hippocam pal sclerosis . Neurology 1991 ;41(suppl1 ):170-171
24. Barnes D, McDonald WI, Landon DN, Johnson G. The characterization
of experimental gliosis by quantitative nuclea r magnetic resonance
imaging. Brain 1988; 111:83-94
25. Morell F. In vivo imaging of human anatomy in temporal lobe
epilepsy. AJNR: Am J Neuroradiol 1991 ;12:948-949

