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Imaging Findings in Hippocampal
Sclerosis: Correlation with Pathology

We evaluated the ability of preoperative radiologic imaging to detect hippocampal
sclerosis in 31 patients who underwent surgery for intractable epilepsy. Hippocampal
sclerosis is commonly associated with surgically treatable temporal lobe epilepsy. It is
pathologically described as neuronal cell loss with associated gliosis in the hippocam-
pus. While previous reports have correlated imaging results with clinical or qualitative
histologic findings, this study used quantitative pathologic criteria (neuronal ceil density)
to diagnosis hippocampal sclerosis. We focused our study on the 11 patients with
cryptogenic temporal lobe epilepsy. Of these, nine had hippocampal sclerosis by
pathologic criteria. MR findings included unilateral hippocampal atrophy, an increased
signal in the hippocampus on long TR scans, and atrophy in the adjacent white matter
and temporal lobe. Hippocampal atrophy was most frequently seen in the red nucleus
plane on coronal scans, corresponding to the body of the hippocampus. We also
compared hippocampal size on MR with neuronal density in surgical specimens of the
11 patients with cryptogenic temporal lobe epilepsy. A statistically significant correlation
was found between MR size and neuronal density in CA3 and CA4 of the cornu ammonis
and the granular cell layer of the hippocampus.

Since temporal lobectomy eliminated seizures in seven of nine patients with hippo-
campal sclerosis, preoperative diagnosis by MR has important therapeutic conse-
quences.

AJNR 12:933-940, September/October 1991

Hippocampal sclerosis (HS), also known as Ammon’s horn sclerosis or mesial
temporal sclerosis, is the most common disorder associated with medically intrac-
table temporal lobe epilepsy (TLE) [1-8]. HS describes an entity of neuronal cell
loss with associated gliosis involving the hippocampal formation (which we refer to
as the hippocampus). Medically refractory chronic TLE often can be treated by
surgical resection. Temporal lobectomy in patients with HS is associated with a
very good outcome [9, 10]. Preoperative diagnosis of HS therefore would be
important for the successful surgical treatment of chronic, uncontrolled TLE.

As part of a comprehensive protocol, we routinely evaluate medically uncontrolled
epilepsy patients diagnostically by MR imaging, CT, angiography, and electroen-
cephalography (EEG) [11]. In this study, we assessed the imaging characteristics
of the hippocampus, temporal horn, and temporal lobe in 31 patients with intractable
epilepsy who subsequently underwent surgery, and correlated the imaging findings
with EEG and pathologic findings. Since the criteria for HS have been somewhat
ambiguous, we decided to use hippocampal neuronal density, a reproducible
quantitative value, to determine which patients with TLE had HS. Most previous
MR studies have relied on clinical or qualitative histologic criteria [12-18].

The first phase of the study consisted of blinded evaluations of the MR and CT
scans. In the second phase, we reevaluated the MR scans of those 11 patients
who underwent temporal lobectomy for possible HS (cryptogenic TLE) to look for
similarities that might have been missed in the blinded evaluation. The third phase
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addressed whether hippocampal size on MR is related to
neuronal density in patients with cryptogenic TLE, since sur-
gical benefit appears related to neuronal loss; that is, elimi-
nation of seizures by temporal lobectomy occurs in up to 90%
of patients when there is severe depletion of neurons as
opposed to nonspecific gliosis or minimal neuronal loss [19-
22]. We chose to develop simple criteria for assessing hip-
pocampal size that can be applied during routine clinical
practice. In a separate group of patients, a recent quantitative
study showed a positive correlation between MR appearance
and cell counts [23]. Currently, volumetric studies are not
widely available since they are labor intensive and require
specialized programs.

Materials and Methods
Patient Population

We retrospectively studied 31 patients with medically intractable
complex partial epilepsy who were treated surgically (temporal lobec-
tomy, lesion excision, or callosotomy) between 1986 and 1988. The
patients ranged in age from 15 to 47 years and had had epilepsy for
3-39 years. This report's main focus is on the 11 TLE patients
without a macroscopic structural lesion (i.e., cryptogenic TLE) who
underwent temporal lobectomy and had quantitative hippocampal cell
counts.

Diagnostic Studies

MR scans were obtained on a 1.5-T magnet (General Electric,
Milwaukee, WI) with T1-weighted sequences in the sagittal plane and
proton-density— and T2-weighted sequences in the axial and coronal
planes. Parameters for the T2-weighted scans included 2000-3000/
60-100/1 (TR/TE/excitations), 20- to 24-cm field of view (FOV), and
5-mm-thick slices with a gap of 2.5 mm. Additional T1-weighted
coronal sequences consisted of 400/20/4, 5-mm contiguous slices,
and 16-cm FOV. CT scans were obtained without and with IV contrast
material on GE 8800 and 9800 CT scanners. In concert with the
intracarotid Amytal (Wada) study, angiography of the internal carotid
artery systems was performed. When history, cognitive testing, scalp
EEG/audiovisual seizure monitoring, and imaging studies were not
concordant, invasive monitoring with depth and/or subdural elec-
trodes was obtained.

Phase 1

In the first phase of this study, MR scans from the 31 patients
were evaluated independently by two neuroradiologists who were
blinded with respect to clinical history, EEG, CT, MR, surgical site,
and pathology. CT scans were interpreted in a similar fashion 6
weeks later. Interpretations of angiographic, EEG, and clinical data
were obtained in a nonblinded fashion.

The left and right hippocampal formations, temporal horns, and
temporal lobes were evaluated for asymmetry of size. Grading criteria
consisted of (1) definite asymmetry, (2) subtle or questionable asym-
metry, and (3) no asymmetry. Hippocampal signal intensity was
studied also. Focal abnormalities (macroscopic foreign tissue lesions
such as tumors, vascular malformations, or hamartomas) were cata-
logued and are the subject of another article. Patient head rotation
was determined by assessing symmetry of the internal auditory canal
[24].

A retrospective study that included only patients with HS would
certainly have biased our interpretation of hippocampal symmetry.
Owing to the special sequence we used to evaluate epileptic patients

AJINR:12, September/October 1991

(i.e., small-FOV coronal T2-weighted examinations prior to axial stud-
ies), we could not use nonepileptic MR examinations (such as of
patients with headaches) as controls for the blinded portion of this
study. As a form of control, we included epileptic patients who were
treated with surgery. These patients included those with macroscopic
lesions, those who underwent corpus callosotomy, and those who
underwent temporal lobectomy but were found to have relatively
normal histology.

Phase 2

The second phase of this study involved reevaluation of MR scans
after pathologic results were known. We specifically reviewed studies
of those 11 patients who underwent temporal lobectomy for crypto-
genic TLE. MR findings of hippocampal atrophy were determined by
consensus agreement by two neuroradiologists. Findings not initially
evaluated in phase 1 (i.e., collateral white matter atrophy and hippo-
campal shape) were evaluated in phase 2. We assessed the thickness
of the white matter located between the hippocampus and collateral
sulcus, which we referred to as the collateral white matter (Fig. 1).

In this second phase, we also evaluated which region of medial
temporal gray matter was affected by HS. Abnormal hyperintensity
on T2-weighted images and gray matter atrophy were assessed. We
divided the medial temporal gray matter into 10 segments 5 mm thick
based on anatomic landmarks found on coronal MR: anterior pituitary,
posterior pituitary, suprasellar cistern, basilar artery, interpeduncular
cistern, red nucleus, posterior to the red nucleus, superior colliculus,
inferior colliculus, and posterior to the colliculi. Besides determining
which coronal plane was being affected, we also determined which
of four segments of medial temporal gray matter was affected by HS:
the amygdala or hippocampal head (pes), body, or tail.

Phase 3

In this phase, we compared the size of the hippocampus on MR
with neuronal density in the cryptogenic TLE group (n = 11). We
evaluated the hippocampus in the coronal plane at the level of the
red nucleus. We chose this plane in order to evaluate the hippocam-
pus at its body at an easily recognizable landmark. Because of the
complex configurations of the head (pes) and tail, we thought the
most reproducible results would be obtained by evaluating the hip-

right

Fig. 1.—Diagrammatic representation of idealized right hippocampal
sclerosis on a coronal MR slice. Right hippocampus is atrophic and hyper-
intense (shaded area). Ipsilateral temporal lobe and collateral white matter
are asymmetrically small. Although adjacent temporal horn dilatation can
be a secondary sign of hippocampal sclerosis, anterior asymmetry of
temporal horn can occur often enough in normal persons to invalidate this
as a primary sign (as illustrated in this case). On left side, H = hippocampus,
as:erisk = temporal horn, CWM = collateral white matter, CS = collateral
sulcus.
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pocampal body. A second reason to study the hippocampus at its
body is that the cell counts by our pathologists were performed in
the body, again for reasons of consistency and reproducibility [25].
We measured the craniocaudal (height) and transverse (width)
dimensions of the hippocampus, and calculated the product of height
X width. We also examined the ratio of the surgical to nonsurgical
side for these measurements. Since the height or vertical dimension
of the hippocampus on coronal sections is influenced by the degree
of head extension, we used a correction factor for height. As with a
cylinder, the shortest dimension and most consistent results can be
obtained if one uses cross sections that are perpendicular to the long
axis of the hippocampus. Thus, we corrected all height measurements
to a 90° hippocampal angle. Hippocampal angle, measured on para-
sagittal T1-weighted studies, was defined as the angle formed by the
plane of the coronal slices and a plane parallel to the inferior aspect
of the left hippocampal formation (the cornu ammonis and subiculum)
at the region of the body (Fig. 2). Hippocampal angle ranged from

Fig. 2.—Hippocampal angle on a parasaggital T1-weighted MR image.
Hippocampal angle (0) is formed by interception of plane of coronal MR
slice (line C) with plane (line H) parallel to inferior aspect of hippocampal
formation (arrows).
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55° to 88° with an average of 70°. The following formula was used
to correct the height to 90°:

Corrected height = raw height X sin 0,

where () equals the hippocampal angle [26].

We compared MR measurements of the hippocampus at the level
of the red nucleus—height; width; product (height x width); and ratio
(surgical/nonsurgical side) of height, width, and product—with neu-
ronal densities of the cornu ammonis fields (CA1-CA4) and the
dentate granular layer. Statistical analysis used the Pearson product-
moment correlation coefficient.

Surgery and Pathology

All cryptogenic TLE patients underwent anteromedial temporal
lobectomy and radical hippocampectomy as described previously by
Spencer et al. [11, 27]. The hippocampus was always removed en
bloc from the temporal lobe. Cell counting was performed on 6-um
coronal paraffin sections at the level of the hippocampal body. The
specimens were stained with either Nissl or hematoxylin and eosin.
The count was repeated on five consecutive histologic sections by
two investigators without knowledge of clinical history of individual
cases [25]. Neuronal density was expressed as the mean number of
neuronal cells per cubic millimeter for each hippocampal subdivision,
the cornu ammonis fields (CA1-CA4) and the dentate granular layer
(Fig. 3).

Criteria for HS

Kim et al. [25] found neuronal density in the hippocampus in HS
to be 35-50% that of controls. We defined HS for purposes of this
preliminary study as greater than 50% loss of neuronal density
compared with controls in either the average of the pyramidal cells
of the cornu ammonis fields or the granular cells of the dentate gyrus
[25].

Results

Pathologic findings are found in Table 1. Clinical and im-
aging results for the 11 patients with cryptogenic TLE are

Fig. 3.—A, Diagrammatic representation of a coronal slice through level of red nucleus. Area of left hippocampus enclosed in box identifies region of
interest in B and C.

B, Normal coronal histologic specimen. Normal pyramidal cells in cornu ammonis (Ammon’s horn) form a band of dark particles. On the basis of
cytoarchitecture, cornu ammonis (CA) can be segmented into four regions, CA1-CA4 fields. Granule cells in dentate gyrus (D) form a thinner and darker
U-shaped band around CA4. (Nissl stain, original magnification x 16.3)

C, Histologic specimen of hippocampal sclerosis shows almost complete loss of pyramidal cell layer in CA1, as noted by absence of band of dark
particles seen in B. There is marked cellular depletion in remainder of cornu ammonis and dentate gyrus, resulting in atrophy of hippocampus as a whole.
Neuronal density of each region was determined by means described in text. (Nissl stain, original magnification x 18.1)
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TABLE 1: Pathologic Findings in Patients Who Had Surgery for
Intractable Epilepsy

. No. of
Finding Patients
Hippocampal sclerosis 9
Gliosis 2
Glioma 13
Vascular malformation 2
Nonspecific calcification 1
Hamartoma 1
Gliomesenchymal scar 1
Callosotomy 2

Note.—Hippocampal sclerosis was regarded as greater than 50% hippo-
campal neuronal loss; gliosis was regarded as less than 50% hippocampal
neuronal loss.

shown in Table 2. Hippocampal atrophy and signal abnor-
mality on MR helped identify patients with HS (Figs. 4-6). In
no case was hippocampal atrophy observed on the side
opposite pathologically proved HS. The blinded MR interpre-
tations by two observers resulted in correctly identifying five
of nine and six of nine patients with HS. The nonblinded
evaluation (phase 2) found unilateral hippocampal atrophy in
eight of the nine HS patients. Table 3 charts regional hippo-
campal atrophy. The normal oval shape of the hippocampus
on coronal slices (at the red nucleus plane) becomes triangular
or flattened in these patients. Hippocampal signal was hyper-
intense on long TR sequences. Hyperintensity was always
confined to the hippocampal gray matter; that is, abnormal
signal in adjacent white matter was never seen in our patient
population. The proton-density sequence was used to differ-
entiate abnormal hippocampal signal from CSF in the temporal
horn or choroidal fissure.

The results from phase 3, the Pearson product-moment
correlation analysis comparing MR measurements with cell
density, are shown in Table 4. The strongest correlations
occurred between the MR product and neuronal densities in
CAS3 (r = .7645, p < .03), CA4 (r = .6698, p < .03), and the
dentate gyrus (r = .6882, p < .02).

Of the remaining 20 patients, five had asymmetrically small
hippocampi. Four of these had adjacent temporal lobe lesions.
The fifth underwent callosotomy for bilateral seizure foci.

Temporal lobe asymmetry (resulting in a smaller left side)
occurs normally [23, 24, 28]. There was asymmetry in tem-
poral lobe size in 23 of the 31 patients (the left side was
smaller in 18, the right in five). Those with a smaller right side
consisted of two patients with tumors and three with right
HS. Right speech dominance occurred in only two patients,
both with left-sided structural lesions and a symmetric or
smaller left temporal lobe.

Temporal horn asymmetry was seen in half the HS patients,
usually with enlargement occurring on the ipsilateral side
(Table 2). In the 20 patients not described in Table 2, asym-
metry was noted in seven patients: five with gliomas, one
with a vascular malformation, and one with a callosotomy.

Coronal T2-weighted images in conjunction with contig-
uously sliced coronal T1-weighted images with a small FOV
were optimal for evaluating HS. Hippocampal size and signal
intensity, temporal lobe, temporal horn, and collateral white
matter could all be assessed.
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Discussion

Recent neuroanatomic investigations have helped define
the abnormalities expressed clinically as TLE. In patients with
medically intractable TLE, MR imaging can separate those
with cryptogenic TLE who may have HS from those with
lesions (lesional TLE) [12-14]. Several reports [22, 25, 29,
30] now suggest these two groups can be separated not only
on the basis of qualitative histology, but also by clinical history,
EEG findings, hippocampal neuronal cell counts, and immu-
nohistochemical analysis. Cryptogenic TLE itself appears to
be composed of two groups that can be separated by a
similar set of parameters and most importantly, postoperative
prognosis: (1) typical cryptogenic TLE, or HS, and (2) atypical
cryptogenic TLE, which represented 14% of cryptogenic TLE
cases in a recent article [22].

In the HS group, there is (1) marked neuronal depletion in
the range of 35-50% compared with controls in the cornu
ammonis fields and dentate gyrus, (2) selective loss of so-
matostatin and neuropeptide Y immunoreactive interneurons,
(8) selective axonal sprouting in the dentate region, (4) often
a history of febrile seizures, (5) localization of the seizure
focus to the medial temporal lobe, and (6) cure or elimination
of greater than 90% seizures with temporal lobectomy [22,
25, 29, 30]. HS is the most common abnormality associated
with medically refractory TLE, occurring in 47-85% of cases
[1-8].

The atypical cryptogenic TLE patients differ significantly
from the HS group. Many features including cell numbers,
interneuron distribution, and axonal sprouting resemble those
of the lesional TLE and nonepileptic control groups. These
patients have mild gliosis without the accompanying severe
neuronal loss in the hippocampus. Compared with the hip-
pocampal sclerosis group, the epileptogenic focus is not as
well localized to the medial temporal lobe and the surgical
outcome is much poorer [19-22].

Conflicting or poorly characterized imaging results have
been reported in HS. A major obstacle to the interpretation
of these studies has been the definition of the entity itself.
Few imaging studies clearly state their pathologic criteria, and
even fewer relate imaging findings to a quantified value of
hippocampal neuronal loss. We tried to address this problem
by using quantified criteria (i.e., greater than 50% neuronal
loss) for our definition of HS [25].

Until recently, hippocampal atrophy has been reported in-
frequently. In four MR studies with a total of 85 patients with
surgically proved “hippocampal sclerosis,” there was no men-
tion of hippocampal atrophy [13-16]. MR studies of TLE that
used visual assessment have noted hippocampal atrophy in
one of 31 [17] and 28 of 41 [18] patients. Unilateral hippocam-
pal atrophy was found in eight of our nine patients. The
hippocampus lost its normal oval configuration and often
became flat. The findings often were subtle, and this resulted
in interobserver differences. However, in phase 1 we were on
a learning curve. With increasing experience, we became
more attuned to detecting subtle abnormalities associated
with HS. By the time we entered phase 2, agreement among
the observers had increased substantially. Additionally, as
image quality improved, subtle abnormalities were detected



937

IMAGING FINDINGS IN HIPPOCAMPAL SCLEROSIS

AJNR:12, September/October 1991

‘sase |l ul jnydjayun sem Aydesboibuy Anjewlouqe ybu ayuyep = +++Y ‘Auewlouqe ybu sjgeuonsanb 4o apans =
+y ‘AyjewIouge 18] auyep = ++-+1 ‘AljeusIouqe 1ya| ajqeuonsanb 1o agns = +7 :uioy [ejodwa) Jabe| 8y 10 8qo| [eJodwa) JS|BWS S} JO SpIS By} PuE (—) 80Uasqe 10 (+) douasald Uiy} 0} SANE|S) PaSSasse
a1em Y uo AnswwAse wioy [esodwsa) pue aqoj fesodwa] (AnsusiuuadAy ou) — 1o ‘(AususiuadAy apuyep) +++ ‘(AususjuuadAy ajqeuonsanb o apgns) + se pepeld sem sndweooddiy ayy uiyim leubig
‘sis019)os [edweooddiy pano.d AjeaiBojoyred pue Alabins jo apis au 0] [eseiejisdl uaas skemie sem Aydoaly “(Aydosre ou) — 1o ‘(Aydoae anuyep) +++ ‘(Aydosre sjiqeuonsanb o apgns) + se pape.lb sem Aydosye
jedweooddiy ‘asea.08p 9,G/> = 100d ‘8SB8108p °,G /< = JlB} ‘8SeaI0ap %G8< = POOoD ‘(Sa.inzias a.el) aSEa108pP %00 | = JUd|[@dXa :dn-moj|0} Jesh- 0} -z B U}IM SINZIBS JO 1aqUINU 8U} Ul 8SB8108P 8y} UO paseq
Ksdeyida o} Juswyeal) [B2IBINS JO $S829NS 8y} JO SISBQ 8y} o pabpnl sem awooiNQ *(sso| [euoinau [edweooddiy ewiuiw) Asdajida aqoj jesodws) olusbodAio jeaidAre 1o sisoi|b oy10adsuou SEm || pue Q| Sased
ur sisoubeip ay] sisosajos [edweooddiy paroid AjreoiBojoyred Jo apis ayy osje sem 3 “Awoyoadwesoddiy [eaipes pue Awo10eqo) [eiodwa) JOUBIUE JO BPIS B} O} Sidjal Kiebuns jo apis 8y '1s8) [eyhwy Aiape

njoJeoeul Aq pazieoo] sem Uoaads Jo apis 8yl ‘8qo| [eJodwa) 1ybu sy} Wwoly Sem ANAioe Jueuiwopaid JNg ‘|| pUB 9 SBSED Ul punoj alem 100} aidniniyl 100} 8qo| [ejodwa) ([eor000au) [eldle| O} siajed L el

‘933 yidaq [e10] aysoddo 2,05 uey) Jayealb Jo ssoj [euoinau [edweooddiy se Ajjeaibojoyied pauyep sem siso.s|os [edweooddiy "8qo) [eJodws) = 1 ‘[eldle| = 1| {[elpaw = paw qybu = Y ‘ya| = 17—'910N

e
d
1
pazjieoojun
pazijeoojun

1o)UY

1004

d

S

qLH

7L ¥el/paw Y

+4

+4

b
+++
+++
+++
JUETENE]
d

1

aLd

auop 10N

+
+

+1
+1
+1

ot

R

+4+

JU8||80X3
3
1
alaydsiway 7
7L ¥el/paw

4
+

wnso|ea

snd.ioo ‘sissuabsAqg
wnso|ea

sndioo ‘sissuabsiqg

wnsoj[es
sndio9 ‘sisauabsiqg
+

+++Y

+++Y

+7
+1

ey

H

1

alaydsiway Y
7L jei/paw Y

+
+

+4
+H

+++

+++
B
+++

Jua|[e9X3
S|
1
alaydsiway Y
JLpaw R Y

+
+

+

+1

18|180X3
3

1
pazijeoojun
JL paw

180
1sho
L1 Ilews

1sho
prouyoe.te 1 7
+

+1
+1

+++

e

JU8||20X3
3

1

alaydsiway Y
L pauw

UoROW
+++4

+++H

+++

+++
ot

Ju8|[e0X]
H

1
pazijesojun
7L paw Y

+
+

+4

+1
4T

poon

<

k

LY

L pow

F
+

uoisa| 11 Y
uoisa| 1L Y

1sA0 ainssy
[eplooyd Y
+

+1

et

+++

Jua||90x3
3

1
pazieoojun
L pow

+
+

€ JoAIasqO

| 18AI8SqO
sbuipuy 10

Ssalijewlouge sy
J8JJBW 8UYM [BIB)R(I0D
2 1aAesqO
| 18AI8SqO
uioy esodwa
2 laniesqo
| J8AIBSAO
aqo [esodwa |
AnswwAse gy
31 Buoi/y] BuoT
31 Hoys/y1 Buo
[eubig
¢ @seyd
2 1an18sqQ
| 18AIBSQO
Aydony
sndweooddly jo YN
aWooINO
Kisbuns jo apis
yoaads Jo apIS
533 djeds [eo|
9533 yidap (e
sainz
-18s 8jugay sjueyu|
s1s0.9|0s [edweooddiH
[eauno

L

ot

9

"ON 9seD

a|qelLeA

suoisaT [eanonas Aq pasne) JON 213 SaINzI8S WOYM ul sjuaned Awojoaqo jesodwa) ul sbuipuld Builbew| pue [eaund :z 319v.L



938 BRONEN ET AL.

AJNR:12, September/October 1991

Fig. 4.—Right hippocampal sclerosis (case
9).
A, Coronal T2-weighted MR image at level
of red nucleus. Hyperintense, flattened,
atrophic right hippocampus (straight arrow) is
contrasted with normal oval-shaped left hip-
pocampus. Temporal horn (curved arrow).

B, Proton-density-weighted image. Hyper-
intense signal (straight arrow) on first-echo
image confirms that this appearance is due to
abnormal hippocampus and not adjacent CSF.
Contrast this to hypointense signal from CSF
in ventricle and temporal horn (curved arrow).

Fig. 5.—Right hippocampal sclerosis (case
6).
A, Coronal T2-weighted MR image at level
of superior colliculus. Right hippocampal tail is
atrophic and hyperintense (arrowhead). Adja-
cent collateral white matter (arrow) is also
atrophic. Left side is normal.

B, At level of red nucleus. Collateral white
matter on right side is not seen at this level.
This leads to obscuration of borders between
atrophic right hippocampus and adjacent neo-
cortex.

Fig. 6.—Left hippocampal sclerosis (case
1).
A, Coronal T2-weighted image at level of
interpeduncular cistern. Incidental 1-cm cystin
right choroidal fissure is contralateral to clini-
cal seizure focus and hippocampal sclerosis.
During epilepsy evaluation, this was a source
of confusion on axial CT, since a glioma was a
diagnostic possibility. MR indicated this was a
cyst in choroidal fissure. Owing to minimal
head rotation, left hippocampus is imaged at
level of head, while right is imaged at junction
of head with body. This accounts for apparent
enlargement of left hippocampus on this image
and also emphasizes why it is easier to com-
pare these structures at the body, a region
where shape is more uniform.

B, MR image at level of red nucleus is able
to visualize correct abnormality contralateral
to cyst. Atrophic triangular left hippocampus is
found on a slice 7.5 mm posterior to A. Focal
region of hyperintensity within hippocampus is
separated from CSF of choroidal fissure by
fimbria (arrow) and alveus. There is subtle
decrease in collateral white matter on left com-
pared with right, which is considered patho-
logic in view of adjacent findings.

more easily and confidently. For example, the decreased and probably will play an important role in the future [18, 23].

interslice gap and smaller FOV used for the T1-weighted Five of 20 non-HS epileptics also had hippocampal asym-
coronal images were helpful for confirming findings on T2- metry. The hippocampus in normal people is rarely seen as
weighted sequences. Computer quantitation of the hippocam- atrophic [31]. Kim et al. [25] reported depletion in hippocampal
pus appears to be accurate for lateralizing cryptogenic TLE neuronal density in patients with ipsilateral temporal lobe
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TABLE 3: Regional Atrophy in Patients with Hippocampal
Sclerosis

No. of

Lneatian Patients

Slice landmark
Anterior pituitary
Posterior pituitary
Suprasellar cistern
Basilar artery
Interpeduncular cistern
Red nucleus
Posterior to red nucleus
Superior colliculus
Inferior colliculus
Posterior to colliculi
Limbic segment
Amygdala
Head of hippocampus
Body of hippocampus
Tail of hippocampus

CoOUBANOAOOO

o1 O =

Note.—Regional signal hyperintensity observed in hippocampal sclerosis
usually paralleled regional atrophic changes.

TABLE 4: Correlation of MR Measurements and Neuronal
Density of Hippocampal Cell Regions

MR Correlation Coefficient (r) by Hippocampal Cell Region
Measurement caq ca2 CA3 CA4 Granule Cell
Height NS NS .7403 (p < .04) .6591 (p < .03) .6014 (p = .05)
Width NS NS .7342 (p < .04) NS .6271 (p < .04)
Product NS NS .7645(p < .03) .6698 (p < .03) .6882 (p < .02)
Ratio height® NS NS NS NS NS

Ratio width® NS NS NS NS

.6028 (p < .05)
Ratio product® NS NS NS NS NS

Note.—CA = cornu ammonis; NS = not significant.
® Ratio refers to hippocampus on surgical side/hippocampus on nonsurgical
side.

tumors as well as in HS. The neuronal decrease is not as
marked in these patients as in patients with HS. We may be
observing the MR correlate of these findings.

Most reports have used the abnormal signal within the
medial temporal lobe as their major criterion for identifying
HS. The abnormal signal is seen in the medial temporal lobe
in 0-65% of patients with HS [12-15, 17, 18]. Kuzniecky et
al. [13] postulate that the signal abnormality is due to gliosis
and/or edema. In our patients, the hippocampal signal
changes paralleled the atrophic changes, with the hippocam-
pal body as the region most affected. The hyperintensity was
always confined to the hippocampal formation in our patients
(i.e., there was no extension outside the boundaries of the
hippocampal formation). The alveus and fimbria separate the
hyperintensity of the CSF above from the abnormal hippocam-
pus below (Fig. 6). These findings are important in distinguish-
ing tumors from HS. An abnormal signal confined to a small
shrunken hippocampus was never seen with tumors.

Other imaging findings are less reliable for detecting HS,
as demonstrated in this and other studies. These include
ipsilateral atrophy of the temporal lobe and ipsilateral dilatation
of the temporal horn [12-14, 18]. CT and angiography are
even poorer methods for detecting HS [12, 13, 15, 16, 32,
33]. However, the use of multiple MR criteria can increase
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the level of suspicion for HS [12]. Our data indicate that
collateral white matter atrophy may be an additional criterion
(Fig. 5). Collateral white matter atrophy may be the MR
correlate of sclerosis that extends beyond the hippocampal
gray matter pathologically [19]. Signs of HS should be sought
in all TLE patients since unrelated abnormalities can occur
concurrently (Table 2, Fig. 6).

In view of the importance of diagnosing HS preoperatively
(since its presence as evidenced by severe neuronal loss
appears to determine the surgical outcome), we embarked
on phase 3 of the present study. A strong correlation was
found between the size of the hippocampus on MR at the
plane of the red nucleus and neuronal cell density. The most
striking correlation occurred in the comparison of product
(height X width) on MR with neuronal densities in the CA3
and CA4 fields of the cornu ammonis and the granular cell
layer (of the dentate gyrus). The most optimal MR measure-
ments would have been cross-sectional area (and volumes)
rather than a gross estimate derived from the product of
height X width. We were seeking, however, a readily available
method to assess the hippocampus on MR. In a separate
study with a different group of patients, this issue was ad-
dressed by using computer-derived cross-sectional areas and
volumes [23].

We might have expected some correlation with the CA1
region (the Sommer sector). Although neuronal depletion
characteristic of HS frequently occurs in CA3 and CA4, cell
loss in CA1 has been reported more frequently and to a
greater degree [5, 25, 34]. Lencz et al. [23] found correlations
between the degree of MR hippocampal asymmetry and
neuronal density in CA1, CA3, CA4, and the granular cell
layer. Jack et al. [18] used quantitative measurement of the
hippocampus to lateralize the epileptogenic focus, but did not
have neuronal densities available for comparative studies
[18].

Nonorthogonal coronal imaging perpendicular to the hip-
pocampal axis would be the preferred technique for measure-
ment of the hippocampus if all else was equal. Since the
software for this technique was not available at the time of
our studies, we corrected for the orthogonal technique. The
corrections were on the order of less than 10%. A newer
technique, spoiled gradient-echo volume acquisitions, allows
better gray-white differentiation and smaller slice thickness
than spin-echo sequences do. For these reasons, spoiled
gradient-echo imaging, which is restricted to the orthogonal
planes, has replaced oblique coronal spin-echo sequences for
quantifying the hippocampi at our institution. The method of
correcting for hippocampal angles less than 90° can be used
with this imaging sequence as well.

Identification of HS preoperatively has important clinical
significance. Surgery can abort seizures in 60-90% of pa-
tients with medically refractory epilepsy [9, 10]. Until recently,
invasive EEG has been required for confirmation of the seizure
focus preoperatively [11]. Invasive EEG is associated with a
2-5% complication rate, additional hospitalization, and in-
creased financial costs [11, 35]. If MR findings confirm local-
ization of the seizure focus obtained by clinical, scalp EEG,
and neurophsychological means, then depth electrodes may
not be necessary before surgery [11].
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