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Abstract
Aims—To determine the course of optic
nerve radiations in the temporal lobe,
especially their retinotopic organisation
and the anterior limit of the Meyer’s loop.
Methods—18 adult patients who had
undergone a tailored temporal lobectomy
for epilepsy were included in this study
between 1994 and 1998. The rostrocaudal
extent of the lateral temporal lobe resec-
tion assessed intraoperatively by the sur-
geon and by postoperative MRI was
compared with the postoperative visual
fields determined by automated static
perimetry (ASP).
Results—15 patients (83%) presented a
postoperative visual field deficit (VFD)
confined to the superior homonymous
field contralateral to the side of the resec-
tion. All degrees from a minimal upper
field loss to a complete quadrantanopia
were observed. The VFDs were somewhat
stereotyped, predominating along the ver-
tical meridian. The smallest anteroposte-
rior resection resulting in a VFD was
limited to 20 mm from the tip of the tem-
poral lobe. A relation was observed be-
tween the extent of the lateral resection in
front of the second and third convolutions
and the occurrence and extent of postop-
erative VFDs. No patient reported persist-
ing subjective visual impairment.
Conclusion—The high frequency of post-
operative VFDs appears to be due to the
greater sensitivity of ASP. The character-
istics of the stereotyped VFDs allow new
conclusions about the course and retin-
otopy of optic nerve radiations. The ante-
rior limit of Meyer’s loop is likely to be
located more rostrally than previously
believed.
(Br J Ophthalmol 2000;84:884–889)

Visual field deficits (VFDs) after surgical,
tumoral, or vascular lesions of the temporal
lobe have been studied for a long time. In spite
of the classic description of the anterior course
of visual pathways in the temporal lobe,1 2 the
relation between these fibres and the temporal
horn of the lateral ventricle, and the retinotopic
organisation of optic nerve radiations remain
to be specified. No study combining auto-
mated static perimetry and anatomical evalua-
tion of the lesion by magnetic resonance imag-
ing (MRI) is available in the literature. We
present a study of VFDs after temporal lobe
surgery for medically refractory epilepsy per-

formed between 1994 and 1998. In contrast
with previous studies, an automated static per-
imetry (ASP) and a postoperative MRI were
performed in all cases, allowing a thorough
description of the relation between VFDs and
well defined resections of the temporal lobe.3 4

This study aimed at (1) gathering further ana-
tomical knowledge about the temporal course
of the optic nerve radiations, and (2) evaluating
the prevalence and characteristics of postop-
erative VFDs.

Subjects and methods
All patients were referred for medically refrac-
tory epilepsy to the epilepsy department of the
neurological hospital in Lyons, France. Fifteen
patients presented with a temporal lobe
epilepsy, two patients with a frontotemporal
lobe epilepsy, and one patient with a multifocal
epilepsy. The temporal surgery was considered
as a palliative treatment in these three latter
cases. Video EEG using scalp and, if needed,
depth stereotactic recordings (in 12 patients)
was used to localise the epileptogenic area.
Patients with expanding lesions or gross
cerebral damage of the temporal lobe on
preoperative MRI or postoperative histological
analysis, patients with ophthalmological dis-
ease, and patients who were unable to cooper-
ate reliably during the visual field examination
were excluded. Eighteen right handed patients
(12 women, six men; age 20–44, mean 36
years) met these criteria. Temporal lobectomy
was performed on the right side in 11 cases and
on the left side in seven cases. All patients
remained on antiepileptic medication after sur-
gery.

All surgical procedures were performed at
the neurological hospital between 1994 and
1998 by the same surgeon (MS) under general
anaesthesia. The extent of removal, progress-
ing from anterior to posterior in the temporal
lobe, was tailored in each case according to
findings on video-EEG monitoring using scalp
and depth electrodes, to cerebral MRI, ictal,
and interictal single photon emission tomogra-
phy and/or positron emission tomography, and
to cerebral angiography. After removal of the
pole, the temporal horn of the lateral ventricle
was entered by a direct lateral approach. An
uncoamygdalohippocampectomy with resec-
tion of the parahippocampal gyrus and removal
of a variable amount of the lateral part of the
temporal lobe, was performed. The length of
the resection of each temporal convolution
was measured from the temporal tip intra-
operatively by the surgeon and compared with
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postoperative MRI slices aligned parallel to the
horizontal AC-PC plan. Intraoperative evalua-
tion of the lateral resection and postoperative
MRI measurement were incongruous in only
two cases. In these two cases, the anatomical
considerations of the lateral resection were
based on MRI measurements. In our series,
from 20 mm to 60 mm of the lateral temporal
lobe were resected on the language dominant
side and from 20 mm to 70 mm on the
language non-dominant side.

Preoperative automated static perimetry was
performed in six patients and did not show any
VFD. Postoperative static visual fields were
evaluated with a mean delay of 18.4 (SD 14)
weeks. ASP was mapped on the vision monitor
(Metrovision) with a standardised program
using size 3 white targets with a maximal lumi-
nance of 318 cd/m2 and a screen luminance of

10 cd/m2. A suprathreshold strategy (4 dB
above the theoretical luminance threshold) for
the 94 points tested in the central 30° and a
liminal strategy for the foveolar point were
used. Eight additional measurements were
used to chart the blind spot contour. Testing
was always carried out with appropriate acuity
correction. In addition, patients were submit-
ted at least 3 months after surgery to a formal
questionnaire evaluating subjective visual im-
pairment and its impact on daily life activities.

Results
The patients were assigned to three diVerent
groups depending on the anteroposterior
length of the resection of the lateral temporal
lobe (especially at the level of the second and
the third convolutions) from the tip of the

Figure 1 Examples of postoperative horizontal T1
weighted MRI of each group depending on the rostrocaudal
extent of the temporal resection. (A) Group 1 (resection of
less than one third). (B) Group 2 (resection between one
third and two thirds). (C) Group 3 (resection over two
thirds). The levels of the MRI slices are diVerent in order to
show the best view of the posterior limit of the temporal
resection.

Anatomy of optic nerve radiations as assessed by static perimetry and MRI after tailored temporal lobectomy 885

www.bjophthalmol.com



temporal lobe. Considering the arbitrary line
forming the base of the angular and supramar-
ginal gyri as the posterior surgical limit of the
temporal lobe,5 6 group 1 (three patients) had a
resection of less than a third of the anteropos-
terior length of the lateral part of the temporal
lobe (mean 16.7 (SD 5.8) mm), group 2 (four
patients) had a resection from one third to less
than two thirds (mean 31.3 (2.5) mm), and
group 3 (11 patients) had a resection over two
thirds of the length of the lateral temporal lobe
(mean 51 (10.1) mm) (Fig 1).

The histopathological examination was nor-
mal or aspecific in seven patients and revealed
a hippocampal sclerosis in seven patients, a
dysembryoplasic tumour in one patient, a
microhamartoma in two patients, and a
cortical dysplasia in one patient.

The overall frequency of postoperative
VFDs, all confined to the superior homony-
mous field contralateral to the side of the
resection, was 15 of 18 (83%). The VFDs
showed all degrees from a minimal upper field
loss to a total quadrantanopia. The postopera-
tive VFDs were classified into three categories
depending on the extent of the scotoma: mild
quadrantanopias defined by defects of less than

50% of the 30 central degrees of the upper
quadrant, moderate quadrantanopias defined
by defects of more than 50% of the 30 central
degrees, and total quadrantanopias (Fig 2).
Five patients had mild quadrantanopia, five
had moderate quadrantanopia, and five had
total quadrantanopia. The results of visual field
analyses depending on the anteroposterior
extent of the lateral resection are presented in
Figure 3. Two of the three patients in group 1
had no deficit and one patient a mild VFD, the
patients in group 2 had variable VFD, and a
majority of patients in group 3 presented mod-
erate and total quadrantanopias. The medial
margin of the quadrantanopia was generally
superimposed to the vertical meridian, whereas
the inferior margin usually spared the horizon-
tal meridian and was superimposed to a merid-
ian passing through the fixation point. The
isoptres were superimposed on the vertical
meridian and separated on the inferior margin.
The degree to which the defect may have
approached the foveolar point was variable, but
in all cases approximated closest the foveolar
point along the superior vertical meridian (Fig
2). The horizontal and vertical meridians were
overstepped in six patients. The horizontal
meridian was overstepped for one eye and the
vertical meridian for six eyes. Five of these six
patients were in group 3 and one in group 2.
The macular region was spared in seven cases
and involved in eight cases. Five of these eight
patients presented a total quadrantanopia and
three a moderate quadrantanopia.

The smallest anteroposterior resection re-
sulting in a field defect (mild quadrantanopia)
was limited to 20 mm from the tip—that is, the
temporal pole. Two quadrantanopias (one mild
and one moderate quadrantanopia) were due
to a resection of about 30 mm from the tip of
the temporal lobe.

According to the criteria defined by Van
Buren and Baldwin,4 the VFDs were consid-
ered incongruous when they were at least 5%
larger for one eye than for the other. VFDs
appeared congruous in 11 patients and incon-
gruous in four patients. A greater defect was
observed in the field of the eye ipsilateral to the

Figure 2 Examples of each type of quadrantanopia defined by the extent of the visual field
defect. (A) Left mild quadrantanopia. (B) Left moderate quadrantanopia. (C) Right total
quadrantanopia.
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Figure 3 Distribution of the diVerent types of
quadrantanopias in the three groups depending on the
anteroposterior extent of the lateral temporal resection in
front of second and third convolutions. Columns represent
the percentage of patients in each group (ordinate) with,
respectively, no visual field deficit, mild, a moderate, or a
total quadrantanopia (abscissa).

70

60

40

50

30

20

0

10

P
er

ce
n

ta
g

e

Group 3Group 2

No deficit

Group 1

Mild quadrantanopia
Moderate quadrantanopia
Total quadrantanopia

886 Krolak-Salmon, Guenot, Tiliket, et al

www.bjophthalmol.com



lesion in three patients and in the field of the
eye contralateral to the lesion in one patient.
No monocular VFD was observed. No modifi-
cation of visual acuity after temporal lobec-
tomy was observed.

Among patients with VFD who answered
the questionnaire (13/15), none reported
subjective visual deficit or visual impairment in
daily life activities.

The postoperative follow up was longer than
a year in 14 patients. Ten patients (71%) were
seizure free (class I in Engel classification)7;
two of these patients had no VFD, one had
mild quadrantanopia, four had moderate
quadrantanopia, and three patients had total
quadrantanopia. The two patients presenting
with a frontotemporal epilepsy and the patient
with a multifocal epilepsy had a poor surgical
outcome (class IV in Engel classification). In
the last of these 14 patients the surgical
outcome could not be reliably assessed because
of his irregular compliance with antiepileptic
treatment. In the four remaining patients the
outcome was not evaluated because of insuY-
cient follow up.

Discussion
The absence of expanding lesions modifying
the anatomy of the temporal lobe allows us to
draw conclusions about the course of optic
nerve radiations. In comparison with other
studies,1 2 8 the originality of this study lies in
(1) that the variability of the anteroposterior
length of the lateral temporal resection was
precisely measured by two independent meth-
ods, and (2) the postoperative visual field
evaluation was assessed by automated static
perimetry.

Our finding of a VFD frequency of 83.3% is
rather high when compared with previous
studies reporting 52% to 83% of VFDs
assessed by kinetic perimetry after temporal
lobectomy.1 2 6 8–11 Only Falconer and Wilson12

reported 100% of VFDs after a series of
horizontal sections of the temporal lobe
varying from 45–90 mm from the temporal
lobe tip. Hughes et al13 described recently 97%
(31/32 patients) of VFDs assessed by auto-
mated static perimetry after tailored temporal
lobe resection ranging between 40 mm and 70
mm from the tip. In their study, the large resec-
tions extended caudally to the presumed ante-
rior limit of the optic nerve radiations,1 5 8 9 13

which explains the high percentage of VFD.
Moreover, automated static perimetry may be
more sensitive to small VFD than kinetic
perimetry performed in all previous reports
except the study of Hughes et al and ours.
Depth electrodes may be discounted because
they have not been associated with a VFD.14 15

In our study, half of the patients (9/18) had a
resection of less than 31.3 (SD 2.5) mm from
the temporal tip (group 1 and 2)—that is, less
than the presumed anterior limit of Meyer’s
loop.1 5 8 9 13 Interestingly, four out of nine
patients in these two groups had a VFD, mostly
a mild or a moderate superior quadrantanopia.
Thus, our study shows that limited resections
of the anterior part of the temporal lobe—that
is, less than 4 cm from the tip, can provoke

VFD detected by automated static perimetry.
The risk of VFD appears to be higher when the
resection extends posteriorly in the lateral tem-
poral lobe, especially in front of the second and
third convolutions. Thus, the frequency of
VFD is about 33% in group 1, 75% in group 2,
and 100% in group 3. Moreover, in our series,
there is a progression in the extent of VFD as
one proceeds further posteriorly in the tempo-
ral lobe. Katz et al2 have reported a correlation
between the presence of a VFD (not the extent
of the VFD) and the extent of resection
measured by postoperative quantitative MRI
analysis. The fact that only one third of our
patients had a preoperative automated visual
field may be critical, but none of these patients
had any VFD. Moreover, visual fields are usu-
ally normal in patients with non-expanding
epileptogenic lesions of the temporal lobe such
as those found in our series, and as reported by
Hughes et al who performed automated visual
field analysis before surgery.12

Our findings corroborate the classic data on
topography of visual pathways.3 4 16 17 The
visual radiations fan out from the lateral
geniculate body round the anterior aspect of
the fornix. The most anterior pathways, which
carry visual information representing the con-
tralateral upper field, go along the anterosupe-
rior aspect to the tip of the temporal horn
before passing backwards, at first lateral to and
then beneath the ventricle to end in the
calcarine cortex. Therefore, fibres of this ante-
rior bundle are at major risk during anterior
temporal resection. The question of the
anterior extent of optic nerve radiations has
often been debated. Marino and Rasmussen9

reported VFD with excisions of 30–40 mm.
Van Buren and Baldwin4 supported the view
that the most anterior fibres in the optic nerve
radiations were lying lateral to the tip of the
temporal horn—that is, about 30 mm
posterior to the tip of the temporal lobe. Ras-
mussen suggested that VFDs could be avoided
by limiting the extent of the superolateral ven-
tricular opening to 1 cm.18 One of our cases
presented a VFD (mild quadrantanopia) with
a resection which did not extend beyond 20
mm, and two cases presented a VFD after a
resection extending about 30 mm from the tip.
These VFDs were diagnosed respectively 5, 3,
and 41⁄2 months after surgery—that is, after
the acute period during which oedema can
occur. Moreover, postoperative MRI did not
show any oedema. These observations indi-
cate that the anterior extent of optic nerve
radiations run more rostral than the tip of the
temporal horn of the lateral ventricle (Fig 4).
They are in accordance with the data from
dissection of optic nerve radiations obtained
by Ebeling and Reulen19 in 25 human tempo-
ral lobes. These authors reported that the
most anterior radiations were lying between
22 and 37 mm (mean 27 (SD 3.5) mm) from
the tip of the temporal lobe. However, there
may be individual anatomical variation in the
spatial distribution of optic radiation fibres in
the human temporal lobe. That may explain
why, among the two patients without any
VFD, one patient was in group 1 (resection of
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less than 20 mm of lateral temporal lobe),
whereas the other patient was in group 2
(resection between 20 mm and 40 mm of lat-
eral temporal lobe). So, between these two
limits, the occurrence and extent of a postop-
erative VFD cannot be predicted with precise-
ness from the resection volume of the tempo-
ral resection.

Incongruous homonymous upper quadran-
tic defects have been frequently observed with
a majority of larger defects in the field of the
eye ipsilateral to the lesion.1 2 4 8–13 A likely
explanation is that the optic radiation con-
nected to uncrossed fibres may have a more
anterior and lateral course, and thus may be
more exposed to damage.9 Other previous
studies have exclusively reported congruous
homonymous deficits.13 16 In our series, the
congruity presented no relation with the
posterior extent of the resection. Anatomi-
cally, the bundles from ipsilateral and contra-
lateral eyes are separated in their trajectory
from the geniculate body to the tip of the
temporal horn and then tend to fuse when
entering the occipital cortex to allow binocular
vision. The temporal resection may interrupt
the optic nerve radiations either on their initial
posteroanterior course (from the geniculate
body to the tip of the temporal horn), or
when they go backwards to the occipital
cortex. So, if the initial portion of the optic
radiation is respected, the VFD may tend to be
congruous when the resection extends posteri-
orly. If optic nerve radiations are cut near the
geniculate body where ipsilateral and contral-
ateral fibres are mostly separated, the VFD
may tend to be incongruous, even if the resec-
tion extends posteriorly. That could explain
the absence of a correlation between the
occurrence of congruity and the posterior
extent of resection of the lateral temporal
lobe.

Geniculocalcarine radiations maintain retin-
otopic organisation.16 The representation of
the vertical meridian lies farthest forward in
the radiations and therefore makes the largest
excursion in the temporal lobe. This explains
the predominance of paravertical defects after

surgical lesion of the optic radiation in the
anterior part of the temporal lobe. The
localisation of the optic radiation representing
macular vision has been often debated.
Spalding16 concluded that the fibres related to
central vision lie on the lateral aspect of the
radiation and that the fibres related to periph-
eral vision lie on the medial aspect, tending to
congregate at its upper and lower margins. In
contrast, Van Buren and Baldwin,4 later
confirmed by Marino and Rasmussen,9 found
that macular representation in Meyer’s loop
lies medial to that of the peripheral retina. Our
study does not help to clarify this point, but we
confirm that there is a contiguity of the
representation of adjacent radial sectors of the
peripheral field in optic nerve radiations. There
is no separation by the optic nerve radiations
representing the macular fibres of those repre-
senting the upper and lower quadrants of the
visual field.

In our series, the VFDs did not aVect visual
acuity and were not considered troublesome or
disabling by patients, which is coherent with
the literature data,1 4 8 9 12 20 21 whereas VFDs
involving the lower quadrants tend to incon-
venience the patients.22

The study of VFDs with automated
perimetry after well defined temporal lobe
resections by postoperative MRI allows us to
refine knowledge on the architecture of the
visual pathways, in particular the anterior
limit of the temporal loop of the optic nerve
radiations. Indeed, neurologists and surgeons
must tend to minimise the complications,
especially VFDs, without reducing the eYcacy
of this technique, which must remain the
priority.
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