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Association between Size of the Lateral Ventricle
and Asymmetry of the Fornix in Patients with

Temporal Lobe Epilepsy

Alexander C. Mamourian, Charles H. Cho, Andrew J. Saykin, and Natalie L. Poppito

PURPOSE: Our goal was to determine whether the size of the lateral ventricle influences
asymmetry of the fornix in patients with mesial temporal sclerosis.

METHODS: The cross-sectional area of the lateral ventricle was measured along with the
thickness of the fornix in 18 patients with pathologically proved mesial temporal sclerosis. Two
additional patients with ventricular asymmetry and seizures but without mesial sclerosis were
also studied.

RESULTS: Ten of 18 patients with mesial temporal sclerosis had equally sized ventricular
areas or less than a 25% difference between the two sides. In seven of these 10, the left and right
fornices were equal; in the other three patients, the fornix was thinner on the side of mesial
sclerosis. Among the eight patients with ventricular area differences greater than 25%, the
larger ventricle was on the side of mesial sclerosis in five cases. In all of these, the ipsilateral
fornix was thinner. In three of eight cases, the contralateral ventricle was larger; in two, the left
and right fornix were equal; and in one, the fornix contralateral to the side of mesial sclerosis
was smaller. The greatest difference in fornix thickness was noted in patients with ventricular
asymmetry greater than 40%, regardless of side or presence of mesial temporal sclerosis.

CONCLUSION: The size of the lateral ventricle may influence the apparent thickness of the
fornix.
While the medial temporal lobe structures of pa-
tients with intractable epilepsy have been the subject
of intense scrutiny, it is only recently that attention
has turned to other limbic structures. Specifically, a
smaller mamillary body and fornix have been re-
ported ipsilateral to a diseased hippocampus in pa-
tients with mesial temporal sclerosis (1–3). The prev-
alence reported by Baldwin et al (1) (less than 90%)
was surprising in light of the low prevalence of ma-
millary body asymmetry evident on imaging studies.
We wondered whether the fornix may appear thinner
for reasons other than atrophy. We found it was often
difficult to compare the thickness of the left and right
fornices because of marked variation in the morphol-
ogy of the two sides, apparently as a result of ventric-
ular asymmetry. We also noted that in all three illus-
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trations in the article by Baldwin et al (1) the ventricle
was larger on the side of the smaller fornix. We
wondered if the fornix appears thinner whenever the
adjacent ventricle is larger, and we therefore exam-
ined the magnetic resonance (MR) imaging studies of
patients with documented mesial temporal sclerosis
to test this hypothesis.

Methods

We examined the preoperative MR examinations of 18 pa-
tients with intractable epilepsy, all of whom went on to have
surgical resection of the hippocampus for mesial temporal
sclerosis. The patients were selected from a series of consecu-
tive surgical cases and included only those for whom high-
quality coronal images and pathologic confirmation of mesial
temporal sclerosis were available.

The side of surgery was determined on the basis of clinical
history, inpatient monitoring, MR findings, and scalp electro-
encephalography (EEG) in all 18 cases. In seven patients,
depth electrodes and/or subdural grids were also used to local-
ize the seizure focus. The preoperative MR examinations were
interpreted as abnormal and consistent with mesial temporal
sclerosis in 17 of the 18 patients. Angiography with Wada
testing was performed in all patients preoperatively. Either an
anterior temporal resection, including medial temporal struc-
tures, or en bloc amygdalo-hippocampectomy was performed
at surgery. All resected tissue was sent for pathologic exami-
nation for gross and microscopic analysis.



FIG 1. A, Coronal 1.5-mm section
from a spoiled gradient-echo se-
quence (38/11/1 [repetition time/echo
time/excitations], flip angle, 45°) at the
level of the rostral crura (arrows).

B, Sagittal image shows the loca-
tion of the coronal section.

Measurements of ventricular area and fornix in 20 subjects

Case
Side of Mesial

Temporal Sclerosis

Size of Ventricular
Area

Thickness of
Fornix

% Difference

R L R L Ventricle Fornix

1* . . . 190 340 5.0 2.2 44 127
2* . . . 358 112 4.4 7.2 219 63
3 L 181 403 4.5 2.2 122 99
4 R 206 350 5.0 2.2 69 127
5 L 661 1023 6.4 3.1 54 106
6 R 145 191 3.6 3.6 31 . . .
7 R 462 302 3.6 5.0 52 38
8† R 1037 818 4.2 5.6 26 33
9 R 365 481 2.2 2.2 31 . . .

10 L 168 233 5.0 2.8 38 78
11 R 793 792 3.6 4.2 . . . 17
12 R 155 144 2.8 3.6 7 28
13 L 115 129 3.6 3.6 12 . . .
14 L 416 468 5.0 5.0 12 . . .
15 L 300 302 7.2 5.6 . . . 28
16 L 187 230 2.8 2.8 22 . . .
17 R 609 679 5.0 5.0 11 . . .
18 L 343 364 2.8 2.8 6 . . .
19 R 85 106 2.2 2.2 24 . . .
20 L 97 119 2.2 2.2 22 . . .

* Patients with seizures but without mesial temporal sclerosis.
† This patient died during the course of the study.
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Measurements were obtained from coronal T1- or T2-
weighted thin-section images. Section thickness varied from 1.5
to 4 mm. The section selected for measurement was the image
of the rostral crura immediately posterior to the body of the
fornix (Fig 1). This was the same level used by Kim et al (3) in
their study and similar to the site in the study by Balwin et al (1)
except they used an angled coronal image. These coronal im-
ages were digitized and a cross-sectional area of the left and
right ventricles was analyzed on a dedicated image analysis
program (Alice, Hayden Image Processing Group, Boulder,
Colo). This program uses an automated segmentation tool that
draws the ventricular margin. Operator intervention was re-
quired only infrequently to optimally match the ventricular
contour. The fornix was magnified electronically, and the thick-
ness of each crura of the fornix was measured by using elec-
tronic calipers with the same program. During the course of
this study, one of the subjects (case 8) died suddenly at home,
1 year after uneventful temporal lobe resection. An autopsy
was obtained and the results are included, since they illustrate
the significant features of limbic atrophy.
Measurements were obtained in two additional patients who
did not have mesial temporal sclerosis but did have a focal
lesion, seizures, and obvious ventricular asymmetry.

Results
The Table presents the measurements obtained in

the 18 patients with mesial temporal sclerosis and in
the two with ventricular asymmetry only. Among the
18 patients with mesial sclerosis in whom electronic
measurements were obtained, 10 had equally sized
ventricular areas or less than a 25% difference be-
tween the two sides (cases 11 through 20). The fornix
was smaller on the side of mesial sclerosis in three of
the 10. The ventricles were equal in area in two of
these cases and showed a 7% difference in the other
case (Fig 2). The difference in size of the fornix
ranged from 17% to 28%.



FIG 2. A coronal section from the spoiled
gradient-echo volume revealed symmetric
lateral ventricles and a thinner right fornix
(arrow) in a patient with right-sided mesial
temporal sclerosis.

FIG 3. Coronal 3-mm section from a spoiled
gradient-echo (25/5) (flip angle, 45°) exam-
ination shows marked asymmetry of the
ventricle and fornix (arrows) in this patient
with left-sided mesial temporal sclerosis.

FIG 4. Coronal T1-weighted spoiled gra-
dient-echo sequence (45/5/2) (flip angle,
45°) shows a larger left ventricle and thin-
ner left fornix (arrow) in a patient with right-
sided mesial temporal sclerosis.

FIG 5. A, Coronal gradient-echo sequence (450/10/1) (flip angle, 10°) shows a suscep-
tibility artifact in the right occipital region in this patient with a cavernous angioma and
seizures.

B, Coronal spoiled gradient-echo sequence in same patient shows the larger right
lateral ventricle and apparent thinning of the right fornix (arrow).

FIG 6. Coronal T2-weighted image (4000/
105/1) shows a left-sided posterior tempo-
ral tumor (arrow). Also evident is the larger
right lateral ventricle and apparent thinning
of the right fornix, which are unrelated to
the tumor.
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Among the eight patients with a difference in ven-
tricular size of 25% or greater, in five cases, the larger
ventricle was on the side of mesial temporal sclerosis.
In all these, the ipsilateral fornix was smaller. The
difference in size of the fornices ranged from 33% in
a patient with a 26% difference in ventricular size to
99% in a patient with a 122% difference in ventricular
size (Fig 3). In three of eight, the contralateral ven-
tricle was larger. In two of these, the left and right
fornices were equal; in the third case, the fornix was
thinner ipsilateral to the larger ventricle (Fig 4).

Of the two patients with seizures and asymmetric
ventricles but without mesial temporal sclerosis, one
had a posterior temporal cavernous angioma with an
ipsilateral larger ventricle and smaller fornix (Fig 5),
and the other had a temporal lobe glioma with a
contralateral larger ventricle and smaller fornix (Fig
6). In both cases, the difference in thickness of the
fornices was 60% or greater, with the thinner fornix
ipsilateral to the larger ventricle.
Discussion

The advent of MR imaging has allowed the medial
temporal structures to be depicted in the coronal
plane with remarkable clarity. Abnormal signal and
hippocampal atrophy are accepted as common fea-
tures of mesial temporal sclerosis. Because of the
intimate association between the hippocampus and
other limbic structures, it is not surprising that other
regions of the brain may also be affected in cases of
mesial sclerosis. Efferents from the hippocampus and
subiculum form the fornix, which courses anteriorly
as the alveus, fibria, crura, body, and then descending
columns (4). These then divide into precommisural
and postcommissural fibers at the level of the anterior
commisure (5). The postcommissural fibers are di-
rected almost exclusively to the mamillary bodies. In
1989, Lindboe et al (6) reported autopsy evidence of
a small ipsilateral mamillary body in patients with
mesial temporal sclerosis. The proposed explanation
for this asymmetry was atrophy of the mamillary body



FIG 7. A, Microscopic section through
the midbody of the fornix shows the
striking myelin loss and gliosis of the
right fornix (right of midline) as com-
pared with the normal left fornix (Luxol
fast blue, original magnification 3200).

B and C, Microscopic sections of the
left (B ) and right (C ) mamillary bodies.
Note the diffuse gliosis, small blood
vessel proliferation (arrows), and scat-
tered atrophic neurons of the right ma-
millary body as compared with the nor-
mal left body (original magnification
3400).

D, Coronal image from a spoiled gra-
dient-echo volume shows the thinner
right fornix and larger right ventricle.

E, Photograph of a section though
the mamillary bodies reveals the
smaller right mamillary body (short wide arrow), mamillothalamic tract (curved arrows), and anterior nucleus of the thalamus (small
arrows). The normal left anterior thalamus is indicated by the long black arrows. Note atrophy of the right fornix (white arrow). (Right is
on the viewer’s right.)
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caused by deafferentation related to injury of the
medial temporal lobe. This effect is amplified after
medial temporal surgery or stroke, since there is a
complete loss of input (2, 3). Because the fibers that
project to the mamillary body from the hippocampus
course through the fornix, it is quite reasonable that
asymmetry of the fornix may also be seen in some
cases of mesial temporal sclerosis.

On the basis of our observation that ventricular
asymmetry frequently accompanies asymmetry of the
fornices, we looked at the MR studies in 18 patients
with proved mesial temporal sclerosis. Ventricular
asymmetry was common in this group of patients,
with 15 revealing a 10% or greater difference in size
between the ventriclar cross-sectional areas. In three
cases, in which the ventricles were equal or only
slightly (7%) asymmetric, the fornix ipsilateral to the
side of mesial sclerosis appeared thinner. In such
circumstances it is reasonable to argue that this re-
flects true atrophy of the fornix.

In the one patient who died suddenly (case 8), the
cut brain showed striking ipsilateral atrophy of the
fornix (Fig 7A) and mamillary body (Fig 7B and C).
The finding in this case must be considered with full
awareness that the patient had had temporal lobe
surgery 1 year earlier. Nevertheless, the imaging find-
ings document that this change was present before
surgery, since asymmetry of the fornix was evident on
the preoperative imaging examination (Fig 7D). In
addition, the autopsy graphically demonstrated a
finding in the thalamus that has not been appreciated
at imaging, namely, atrophy of the mamillothalamic
tract and anterior thalamus (Fig 7E). Thalamic find-
ings on MR images have recently been reported in
connection with middle cerebral artery infarction (7),
and were considered to be a remote effect of the
infarction, or so-called diaschisis. Animal experi-
ments and positron emission tomographic (PET)
studies have uncovered evidence of thalamic injury in
epilepsy. In one experiment with rats, a topical con-
vulsant was applied to the brain, causing seizures. At
autopsy, spongiform changes were identified in the
ipsilateral thalamus (8). Thalamic injury was reported
in humans in the study by Margerison and Corsellis
(9) based on autopsy material of patients with tem-
poral lobe epilepsy, and PET studies have shown
interictal abnormal thalamic cerebral glucose metab-
olism in children (10).

In our cases, thalamic atrophy was most likely due
to deafferentation. The efferents from the mamillary
bodies project to the anterior thalamus via the ma-
millothalamic tract, which was also atrophied. This,
then, represents another distant limbic effect of me-
dial temporal injury and provides an elegant demon-
stration of the connections of the circuit of Papez.
Efferents from the thalamus are then directed to the



cingulate gyrus, the cingulate bundle, and back to the
hippocampus.

Ventricular asymmetry is a common finding on MR
images of the brain, and our own small series indi-
cates that this is not a useful localizing sign, since the
larger ventricle was frequently contralateral to the
diseased hippocampus (four of 18 cases). Still, it is not
unreasonable in some cases to suppose that ventric-
ular enlargement may accompany mesial temporal
sclerosis, since it would appear that substance loss of
the adjacent thalamus is at least possible. An associ-
ation between ventricular size and mesial temporal
sclerosis might explain the high prevalence of thin-
ning of the fornix noted by Balwin et al (1). The
difficulty would arise in differentiating such a case
from the normally encountered ventricular asymme-
try. Since we measure the fornix in cross section, a
change in contour could affect the apparent width of
the fornix. This problem was addressed in a study by
Bilir et al, who measured the thickness of the fornix
not on one cross section but rather by a volumetric
technique on multiple sections (11). These authors
added this measurement to that of the mamillary
body volume, and the total volume of the two mea-
surements was used to locate correctly the side of
epileptogenic focus in 82% of cases.

In our two patients who did not have mesial tem-
poral sclerosis, the fornix ipsilateral to the larger
ventricle was thinner. In no case was the smaller
fornix contralateral to the larger ventricle; in one, the
smaller fornix was contralateral to the side of mesial
sclerosis. The two patients with contralateral ventric-
ular enlargement and equally sized fornices would
seem to be exceptions to this rule. We propose that
since the fornix may be small in association with
mesial temporal sclerosis and also may appear
smaller with ventricular enlargement, the net result in
these two cases was that they appeared equal in size.
In the patient with the thinner fornix contralateral to
the side of mesial sclerosis, the changes were not
typical: there was no signal abnormality, and although
the left hippocampus appeared smaller on two sec-
tions, depth electrodes indicated a right temporal
origin. The patient has been seizure free since under-
going right hippocampal resection, in which patho-
logic evaluation of the tissue confirmed right mesial
temporal sclerosis. That patient’s history was also
atypical, in that her seizures began at age 30, when
she suffered toxic shock syndrome accompanied by
hypoxia and coma. The changes in the left hippocam-
pus may have reflected selective vulnerability atrophy
of the hippocampus related to that illness or bilateral
mesial temporal sclerosis.

We did not identify asymmetry of the fornix in our
patients with mesial temporal sclerosis at the same
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rate of frequency as Baldwin et al did (1). These
authors noted a small fornix in 12 (92%) of their
cases, whereas in eight (44%) of our 18 cases the left
and right fornix appeared symmetric. Perhaps their
higher yield with this finding reflects higher resolu-
tion attained with the dedicated temporal phased-
array coil they used, which might have allowed imag-
ing of more subtle asymmetry of the fornix than we
perceived. Our findings are more in line with the
results obtained by Kim et al (3), who found an
ipsilateral smaller fornix in 39% of their patients with
mesial temporal sclerosis and in 6% of their control
subjects; in one (3%) of their 33 patients, the smaller
fornix was contralateral to the side of mesial temporal
sclerosis.

Conclusions

Our experience supports the contention that atro-
phy of the fornix may accompany mesial temporal
sclerosis. In patients with ventricular asymmetry, the
thinner fornix may not, however, provide an accurate
lateralizing sign for mesial temporal sclerosis, and in
those cases a volumetric technique may be necessary.
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