
Introduction

In benign intracranial hypertension (BIH) there is
raised intracranial pressure (ICP), with normal cere-
brospinal fluid (CSF) constituents, and no evidence on
brain imaging of ventricular obstruction or other causes
of raised ICP [1, 2]. The incidence of BIH is 1 in 100,000
[3], it being most frequent in obese young women (19.3
per 100,000, aged 20–44 years). Permanent visual loss
due to optic nerve damage occurs in about 10% of pa-
tients [4]. Treatment to reduce ICP may be medical,
usually with oral acetazolamide and weight loss [5], or
surgical (optic nerve sheath decompression or lumbo-
peritoneal shunting) [6]. Conventional MRI and CT are
usually normal in BIH [7–9].

The optic nerve has been technically difficult to im-
age because of its small size: it is 0.4–0.6 cm diameter
within the orbit [10]. We used MRI to investigate the
optic nerve and its CSF-containing sheath to see whe-
ther any abnormality could be identified in this area and
how imaging might contribute to diagnosis and man-
agement of patients. We present our findings using two
recent technical developments – multiarray local coils
[11, 12] and the fast spin-echo (FSE) sequence [13, 14] –
which make it possible to acquire high-resolution im-
ages of the optic nerve in an acceptable time. We used
the current maximum resolution for clinical purpose,
providing in-plane resolution < 0.39 mm on 3 mm con-
tiguous slices, covering the optic nerve from the globe to
the optic chiasm.
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Abstract We investigated the MRI
appearance of the optic nerve and
its cerebrospinal-fluid-containing
sheath in 17 patients with benign
intracranial hypertension (BIH)
and 15 normal controls. Using
phased-array local coils, 3-mm cor-
onal T2-weighted fat-suppressed
fast spin-echo images were obtained
with an in-plane resolution of
< 0.39 mm. The optic nerve and its
sheath were clearly differentiated.
An enlarged, elongated subarach-
noid space around the optic nerve
was demonstrated in patients with
BIH. High-resolution MRI of the
optic nerve offers additional infor-
mation which may be of value for
diagnosis and in planning and mon-
itoring treatment.
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Patients and methods

We studied 17 patients (age 18–50 years, mean 32 years, 15 women,
2 men) with BIH, of whom one was studied before and after surgical
optic nerve sheath decompression. At the time of the MRI exami-
nation all patients had headaches; 5 showed enlarged blind spots
and papilloedema was present, bilateral in 15. In the surgically
treated patient marked reduction of bilateral papilloedema was
noted 2 days after optic nerve sheath decompression at the time of
follow-up MRI. No patient had pinhole-corrected visual acuities
worse than 6/12. The duration of the disease varied from 4 months to
5 years (mean 22 months). Patients had presented with symptoms
frequent in BIH, including headaches, diplopia, transient obscura-
tions, tinnitus and blurred vision. In all patients the diagnosis had
been confirmed by raised CSF pressure at lumbar puncture, cranial
imaging (CT or routine MRI) and additional diagnostic tests (e.g.
angiography) when appropriate. All but one of the patients were
being treated medically, and one underwent surgical optic nerve
sheath decompression. Informed consent was obtained in writing
from all subjects. The research protocol had prior approval of our
Joint Medical Ethics Committee. MRI was also performed in a
control group of 15 healthy individuals without more than one
headache per month (age 20–41 years, 9 women, 6 men).

MRI was performed on a 1.5T unit. After axial T1-weighted
localising gradient-echo images, the optic nerves were studied in
the coronal plane using a mildly T2-weighted FSE sequence with
frequency-selective fat suppression [15–17]. Signal was collected
with a pair of 3″ circular coils (provided by General Electric Med-
ical Systems) positioned symmetrically over the temples, such that
optimum proximity to the optic nerves was obtained. FSE imaging
parameters were: TR 3250/TEef 68 ms, echo-train length 16, 6 ex-
citations, 24 cm rectangular field of view, matrix 512 × 512, 3-mm
interleaved contiguous slices, measurement time 11 : 07 min.

All films were reviewed by an experienced neuroradiologist
(I.F. M.). Structured reporting schemes were used assessing ana-
tomical as well as potential pathological detail. The images of pa-
tients and normal controls were mixed and reported without
knowledge of the clinical details.

Results

The entire length of both optic nerves was imaged in all
studies. The intraorbital optic nerve was covered in 8–

9 slices, the intracanalicular portion was seen on 2–3,
and the intracranial optic nerve and chiasmal junction of
the two nerves was covered by 3 slices.

Differentiation of the nerve from surrounding CSF
within its dural sheath was possible, as there was strong
contrast between the bright CSF and low optic nerve
signal in all individuals (Fig. 1). In all cases the largest
CSF space was seen in the sections adjacent to the
globe. On anterior orbital slices bright CSF signal
around the nerve was visible in all studies. The number
of coronal slices on which CSF signal was identifiable
was symmetrical in normal controls, with considerable
variation between individuals, as CSF was visible on 2–
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Fig. 1 Coronal T2-weighted fast spin-echo (FSE) fat-suppression
image of the mid-orbit of a normal control subject. CSF signal can
be identified surrounding the optic nerve (arrows) Fig. 2 Coronal T2-weighted FSE fat-suppression image of the

posterior orbit in the immediate vicinity of the optic canal in a pa-
tient with benign intracranial hypertension. Expansion of the sub-
arachnoid space, with a prominent ring of CSF signal around the
optic nerve, can be seen bilaterally (arrows). In normal control
subjects the optic nerve sheath narrows from the globe towards the
orbital apex and CSF surrounding the optic nerve is normally not
seen this far posterior

Fig. 3 Coronal T2-weighted FSE fat-suppression image of the an-
terior orbit in a patient with benign intracranial hypertension.
Wide subarachnoid spaces with high signal from CSF are seen at
the level of the optic nerve head



5 slices in the orbit. The width of the sheath narrowed in
all individuals from the globe progressively towards the
orbital apex, resulting in absent CSF signal in the most
posterior orbital portion and the intracanalicular por-
tion of the optic nerve. The optic canal was identified on
2–3 slices in all studies.

The ring of CSF surrounding the optic nerve was seen
on more slices (8–11) in patients than in normal controls
(2–5) and the sheath also appeared distended. CSF sig-
nal was always seen throughout the orbital images
(Figs.2, 3) and in six cases on the first intracanalicular
slice. The optic canal was identified surrounding the
optic nerve on 2–3 slices, which was not different from
the length of the optic canal in normal controls. No in-
trinsic signal abnormality of the optic nerves was dem-
onstrated and no compressing or deforming effect was
visible.

In the patient who underwent decompression of his
left optic nerve sheath there was a marked difference
between the pre- (Fig.4 a) and postoperative MRI
(Fig.4 b). The distention of the sheath demonstrated on
preoperative images was no longer present on follow-
up. Although the left optic nerve-sheath complex
showed a reduction in the extent of CSF signal the right
side was unchanged, showing CSF signal on 10 slices on
both preoperative and postoperative studies.

In two patients who presented with headaches sug-
gestive of raised ICP, clinical assessment of was incon-
clusive because of a mild degree of disc swelling. In the
first patient, there were no discernible optic disc cups
(Fig.5 a), the retinal vascular pattern was anomalous,
and the late phase of the fluorescein angiogram showed
relatively little leakage (Fig. 5 b), so that congenital
pseudopapilloedema was considered. In the second the
limited degree of disc swelling possible reflected optic
atrophy secondary to previous inflammatory optic
nerve disease. In both patients CSF pressure was ele-
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Fig. 4 Coronal T2-weighted FSE fat-suppression images of the
posterior orbit in a patient with benign intracranial hypertension
a before, b after surgical optic nerve sheath decompression on the
left. Expansion of the subarachnoid space with a prominent ring of
CSF signal around the optic nerve can be seen bilaterally (arrows)
preoperatively. Two days postoperatively the subarachnoid space
on the left (arrow) has collapsed and no CSF signal is identified
around the optic nerve. No definite change of CSF can be seen on
the right

Fig. 5 a Fundus photograph, b late phase of fluorescein angio-
gram of right eye of a 26-year-old woman presenting headaches.
The mild of optic disc swelling, the absence of an optic disc cup,
and the anomalous pattern of retinal vessels suggested pseudo-pa-
pilloedema. However, CSF pressure was elevated at 30 cm, and the
optic nerve sheaths were distended c. The optic nerves show nor-
mal intrinsic signal intensity similar to that of cerebral white matter
Y

a b c



vated and optic nerve sheath distention was present on
MRI (Fig. 5c).

Discussion

Using high-resolution MRI we have demonstrated fea-
tures of the optic nerve and its CSF-containing sheath in
normal controls and in patients with BIH which cannot
be reliably identified with lower resolution MRI. Our
main findings were:

1. There is a variation in size and extent of the CSF
space surrounding the optic nerve in normal controls.
The optic nerve sheath narrows towards the optic canal
and no CSF can be identified on the slices to or through
the optic canal. The widest CSF space is just behind the
globe.
2. In patients with BIH an enlarged CSF space can be
identified, most prominent behind the globe and ex-
tending as far back as the optic canal.
3. In our group of patients with BIH who did not have
severe deterioration of vision, the optic nerve showed
no intrinsic signal abnormality.
4. There was no difference in the length of the optic ca-
nal between normal controls and patients with BIH.

Occasionally clinical assessment of the optic discs is
hampered by the presence of congenital anomalies,
which may suggest pseudopapilloedema, or by pre-ex-
isting optic atrophy, which may limit the development of
disc swelling (Fig. 5). In such cases the demonstration of
optic nerve sheath distension on MRI may indicate that
there is likely to be raised intracranial pressure [18].

Once the diagnosis of BIH is established the appear-
ance of the discs and in particular the severity of papill-
oedema is commonly used as a measure of disease se-
verity and response to therapy [19]. However, the de-
gree of papilloedema does not predict the severity of
symptoms [2]. This could be related to the normal vari-
ation of the width of the posterior part of the optic nerve
sheath we demonstrated in normal controls. Increased
CSF pressure might produce different disc abnormali-
ties depending on the normal size of the optic nerve
sheath.

The optic nerve head is assumed by most workers to
be the vulnerable site responsible for most visual symp-
toms in BIH [2, 19]. Our observation that the CSF space
surrounding the nerve is widest just behind the globe
would be compatible with this argument; visual obscu-
rations induced by postural changes could be explained
by transiently increased CSF pressure in the area of the
nerve head.

FSE sequences are highly sensitive, showing intrinsic
high signal in both the inflammatory-demyelinating le-
sion in optic neuritis and in the late stages of anterior

ischaemic optic neuropathy [20], conditions normally
differentiated from BIH on clinical grounds. Although
in patients with more severe visual loss one might see
intrinsic signal abnormality of the nerve, we did not find
this. The absence of intrinsic signal change in the optic
nerve might provide useful information in atypical pre-
sentations of BIH. Even small intraorbital optic nerve
sheath meningiomas [21], which may produce optic disc
swelling as well as visual blurring [22], can be identified
using high anatomical resolution.

Given our finding that the optic nerve sheath is nar-
rowest in the optic canal the question arises whether
anatomical variations in this area might make individu-
als more or less susceptible to the development of
symptoms and signs from increased ICP, e.g. could a
long narrow canal prevent transmission of CSF pres-
sure? This seems unlikely as we found no significant
difference between normal controls and patients in this
area.

Medical treatment of benign hypertension is largely
empirical and surgical intervention, such as decompres-
sion of the optic nerve sheath, has been advocated in
patients with progressive visual field loss, as it can pro-
vide relief of visual symptoms [9, 23, 24]. High-resolu-
tion MRI can show that the sheaths are dilated and may
relatively safely be incised. In patients with symmetrical
visual compromise it may indicate which sheath is wider
and should be incised. Postoperatively, the change in the
width of the sheath can be shown, as we have demon-
strated (Fig. 4). MRI may therefore also serve to follow
patients not only over the short term but also over
longer periods to evaluate responses to medical or sur-
gical treatment strategies. Open-bore interventional
MRI units have recently been introduced to aid micro-
surgical interventions. Although to our knowledge no
such procedure has yet been performed, the safety and
success rate of optic nerve sheath decompression might
be increased using intraoperative MRI information.

MRI and MR angiography (MRA) are often re-
quested in the investigation of patients with BIH. The
technique we have used can be added without too much
time penalty (approx. 15 min) to a conventional MRI
and MRA examination. It offers additional information
which may be of value both in diagnosis and in planning
and monitoring treatment.
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