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Intracranial pathology of the visual pathway
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Abstract

Intracranial pathologies involving the visual pathway are manifold. Aligning to anatomy, the most frequent and/or most important extrinsic
and intrinsic intracranial lesions are presented. Clinical symptoms and imaging characteristics of lesions of the sellar region are demonstrated in
different imaging modalities. The extrinsic lesions mainly consist of pituitary adenomas, meningeomas, craniopharyngeomas and chordomas.
In (asymptomatic and symptomatic) aneurysms, different neurological symptoms depend on the location of aneurysms of the circle of Willis.
Intrinsic tumors as astrocytoma of any grade, ependymoma and primary CNS-lymphoma require the main pathology in the course of the
visual pathway. Vascular and demyelinating diseases complete this overview of intracranial lesions.
© 2003 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

In intracranial lesions, ophthalmologic symptoms depend
on the site of the lesion affecting visual pathway struc-
tures. The most important symptom is loss of visual acu-
ity, whether acute or slowly progressing. Especially the lat-
ter with only subtle visual deficits are often underestimated
and attributed to aging or stress problems and imaging is
performed only when decompensation of the visual system
has become apparent, due to space occupying intracranial
lesions, which sometimes have already destroyed the sur-
rounding neural substance.

The variety of intracranial lesions affecting any part of
the visual pathway is presented according to the anatomic
course and do not assume completeness.

The multitude of intracranial lesions is dominated by pri-
mary brain tumors, whether they are intrinsic or extrin-
sic. The main group of intrinsic brain tumors (originating
from cells covered by pia) is that of glioma, with three
major types: astrocytoma, oligodendroglioma and ependy-
moma and so-called mixed gliomas that contain two or
more different cell types in varying proportion[1]. Ap-
plication of intravenous (i.v.) contrast material enables the
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definition of absent or apparent blood-brain-barrier (BBB)
disruption.

Treatment and overall prognosis of the histologically fre-
quently benign extrinsic brain tumors (arising from cells
outside the pia) are based upon the correct diagnosis. In-
tracranial metastasis and secondary brain tumors are defined
as tumors, involving the CNS and originate from, but are
discontinuous with, primary systemic neoplasms.

Imaging of the intracranial portion of the visual pathway
is the domain of MR, as it enables a focused examination
of the entire visual pathway along its course from the inner
aperture of the optic canal to the occipital pole. Its use is
mandatory for extrinsic tumors, as the superior contrast res-
olution and multiplanar imaging capacity enable the iden-
tification of anatomic markers as cardinal features of an
extraaxial lesion. These include cerebrospinal fluid (CSF)
clefts, recognized as crescentic bands, pial blood vessels
and/or the dura. The use of i.v. contrast agents enables the
demonstration of compartmentalization of extrinsic lesions,
since a large number of these tumors show an extensive con-
trast enhancement (meningeoma, metastasis), while others
show none (epidermoid and dermoid tumors)[2].

Metastasis account for up to 30% of all intracranial
tumors, the most frequent primary malignancies include
lung and breast carcinoma (Fig. 1) [3], hypernephroma,
melanoma and neuroblastoma[1]. All areas of the brain
may be affected, with preference of the corticomedullary
junction as the starting point[1].
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Fig. 1. MR of a 36-year-old female with acute vision loss, predominantly of the right eye, and history of breast carcinoma. Diagnosis: intra- and
suprasellar metastasis. (a) Axial T2w view at the level of the anterior commissure show edema along both optic tracts. (b) Midsagittal T1w native view,
demonstrating the impression of the floor of the third ventricle, but no identification of the chiasm. (c) Coronal T1w contrast enhanced view, where the
chiasm is identified. Note the additional infiltration of the pituitary gland. ((c) With permission of Müller-Forell, 2002.)

2. Sellar region

As already mentioned, in slowly progressing unilateral
visual impairment lesions of the chiasmal region are fre-
quently seen at a stage, when decompensation of the visual
system has become apparent. In patients suffering from dou-
ble vision or acute ptosis, the subjective disabling symptoms
lead to both an earlier identification of homonymous defects
of the visual field and corresponding earlier indication for
imaging. Most common causes for bitemporal hemianopia
are midline tumors, which cause inferior compression of the
chiasm at the crossing site of the nasal fibers.

The chiasm represents the centre of the sellar region, the
most complex area of the endocranium, consisting of vari-
ous tissues, as parenchymal structures, vessels and cranial

nerves. As a consequence, a number of more than 30 dif-
ferent pathologic processes, primarily extrinsic lesions may
occur, involving and affecting structures of the sellar and
juxtasellar region[4]. These mainly benign tumors involve
the brain parenchyma secondarily and are often cured com-
pletely without recurrences even if they have reached a con-
siderable size. The sellar region is less frequently involved
by intrinsic tumors, which often show recurrences, even for
benign tumors. Visual disturbances, caused by chiasmal or
optic nerve compression, is the most frequent clinical symp-
tom, although these are as variable as the locations of the
diseases of the sellar region, ranging from endocrinological
disorders (pituitary, hypothalamic insufficiency) and com-
plex focal episodes (temporal lobe), to cranial nerve deficits
(cavernous sinus).
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2.1. Neoplasms and tumor-like lesions

2.1.1. Extrinsic lesions

2.1.1.1. Pituitary adenoma. Pituitary adenoma, which
represent 10–15% of all intracranial tumors, frequently
manifest in adults. They are benign, slow growing tu-

Fig. 2. A 35-year-old male presenting with acute vision loss combined with reduced consciousness and severe headache. Diagnosis: adenoma apoplecticum.
(a) Axial native CT, where a suprasellar mass with hyperdense rim is seen. Note the different intensities of a fluid level, representing intratumoral
hemorrhage. (b) Corresponding axial T2w image with better delineation of two tumor-cysts. (c) Sagittal T1w view showing the entire tumor extension.
Note the dislocation of the chiasm (arrow). (d) Coronal T1w view, demonstrating the inferior impression and cranial dislocation of the chiasm (small
arrows), the hazy hyperintensities represent parts of the intratumoral hemorrhage. (e) Corresponding T1w contrast enhanced view.

mors, composed of cells of the adenohypophysis, normally
wrapped up by a pseudocapsule, which enables good de-
marcation from adjacent structures. In contrast to the group
of microadenomas (diameter<10 mm), patients presenting
with the characteristic clinical symptom of bitemporal hemi-
anopia, due to inferior compression of the chiasm, harbour
endocrinological mainly inactive macroadenoma (diameter
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Fig. 2. (Continued ).

>10 mm). Acute clinical symptoms of headache, nausea
and vomiting are suspicious of an adenoma apoplecticum
(Fig. 2). This acute insufficiency of the adenohypophysis is
due to a sudden infarction or hemorrhage in the course of
tumor growth, but not as frequent as presumed[5].

MR as the method of choice generally shows lengthen-
ing of both T1 and T2 relaxation times. The high anatomic
resolution and definition of adjacent tissue, i.e. intracranial
optic nerves, chiasm and cavernous sinus allow an accurate
and conclusive differentiation of the tumor and deformed,
compressed and flattened visual structures, especially in na-
tive, non contrast enhanced T1w images (Fig. 3). Due to the
lack of a solid barrier between the pituitary gland and the
cavernous sinus the more reliable indicator for cavernous
sinus invasion is the demonstration of a carotid artery en-
casement or a tumor extension lateral of the cavernous si-
nus than an even careful analysis of pre- and postcontrast
images[5,6]. On T1w non contrast enhanced images, most
adenoma show a homogeneous, isointense signal with sig-
nificant enhancement after contrast application (Figs. 3 and
4). Regressive changes, seen in medium-sized adenomas in-
clude cysts and hemorrhages, consequently requiring addi-
tional T2w and T2*w sequences (Fig. 2).

Differential diagnosis of pituitary adenoma includes
meningeoma of the sellar region (Figs. 4 and 7), craniopha-
ryngeoma (Figs. 9 and 10), optic glioma (Fig. 16), germ cell
tumors, chordomas (Fig. 13) and even metastasis (Fig. 1).

A pituitary abscess, mostly caused by gram-positive cocci,
is highly uncommon, and clinically presentation is domi-
nated by headache and visual loss. It is known to occur in
the presence of sellar mass or by contiguous spread from an
infected sphenoid or cavernous sinus[5]. Post contrast imag-

ing demonstrates a rim enhancement around a hypointense
centre, representing the necrosis, and additional infiltration
of the adjacent sinus and intracranial structures (Fig. 5).

2.1.1.2. Meningeomas. Meningeomas constitute up to
26% of primary intracranial tumors, occurring predomi-
nantly, but not exclusively (Fig. 6) in middle-aged and el-
derly patients with a female dominance[7]. Approximately
20% of meningeomas are located in the sellar region, with
50% arising from midline structures, such as the sphenoid
plane (Fig. 6), the tuberculum sella (Fig. 7), diapghragma
sella, or the dura of the cavernous sinus. The remaining other
50% consist of sphenoid wing meningeomas or meninge-
omas of the clinoid process (Figs. 4 and 8). Because of
their early alteration of the optic nerve with resulting early
ophthalmological problems, globular meningeoma of the
suprasellär or paraclinoid region may not exceed 2 cm in
diameter[8] (Fig. 8).

Imaging characteristics of meningeoma consist of an iso-
dense/isointense presentation on non-contrast enhanced im-
ages, due to their high cell density. Due to high tumor vas-
cularisation and absence of BBB, meningeoma present a
homogeneous, intensive enhancement after i.v.-contrast ad-
ministration, making its indication mandatory in order to de-
tect even tumors or tumor parts in areas only millimetres in
size (Fig. 8). MR enables an accurate, detailed description
of anatomic and pathologic morphology, especially in ques-
tion of infiltration of the cavernous sinus and encasement
of the internal carotid artery (ICA). Differential diagnosis
for globular meningeoma in contrast to giant aneurysms of
the ICA is facilitated by the high sensitivity of MR for flow
and thrombi; other important lesions to be excluded include
supra- and extrasellar pituitary adenoma, trigeminal schwan-
noma, metastasis and inflammatory granuloma.

2.1.1.3. Craniopharyngeoma. Craniopharyngeoma are
defined as benigne, partly cystic, epithelial tumors of the
sellar region, corresponding to WHO grade I. They typi-
cally show no sex bias but a bimodal age distribution with
one peak involving children and adolescents, and the other
adults [9]. These tumors, which are assumed to derive
from Rathke’s pouch epithelium, account for up to 4.6%
of all intracranial tumors and represent the second most
frequent tumors of the sellar region after pituitary adeno-
mas. Craniopharyngeomas, which can be divided into an
adamantinous and a papillary type, often show calcifica-
tion and cysts (Fig. 9), filled with a thick, cholesterol-rich,
brownish-yellow fluid. Adamantinous craniopharyngeoma
are more frequently seen in children, while papillary cran-
iopharyngeoma with more solid structures are found more
frequently in adults (Fig. 10) [10,11]. Endocrinological de-
ficiencies (diabetes, dwarfism, delayed puberty) are leading
clinical symptoms, predominantly in children, while visual
disturbances, due to compression of the visual structures
are more frequently seen in adults, combined with headache
(Fig. 10), nausea, vomiting, and papilledema, the latter as a
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Fig. 3. A 39-year-old male with acute visual deficit (blurred vision) and high prolactin level. Diagnosis: pituitary adenoma (prolactinoma). (a) Midsagittal
T1w native view, demonstrating the apical dislocation of the chiasm. The arrow indicates the chiasmatic recess of the still acute angled third ventricle.
(b) Coronal T1w native view. Note the dislocation of the pituitary stalk to the left (arrow). (c) Corresponding contrast enhanced view, where the small
residual adenohypophysis can be delineated (arrows) with bright contrast enhancement.

result of increased intracranial pressure, due to obstruction
of the interventricular foramen in quite large lesions[5,11].
CT is still justified for differential diagnosis in view of the
characteristic calcification of parts of the tumor, but MR is
mandatory for preoperative planning. MR pattern show a
great variety: adamantinous craniopharyngeoma primarily
shows a combination of T1w hypointense and T2w highly
hyperintense signals, whereas in papillary craniopharyn-

geoma hyperintense signal on T1w and hypointensities on
T2w images may dominate[11]. Both tumor types gener-
ally show a hyperintense signal of the solid tumor parts
with a prominent enhancement of the tumor and the cyst
wall [5]. Differential diagnosis include cystic pituitary ade-
nomas, gliomas of the chiasm or hypothalamus, Rathke’s
pouch cyst, epidermoid, dermoid, germinoma of the third
ventricle and suprasellar meningeomas[8,12].
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Fig. 4. MR (T1w) of a 73-year-old male presenting with slowly progressing consecutive bilateral blindness of 95%. Diagnosis: pituitary adenoma and
additional left sphenoid wing meningeoma. (a) Axial native view presenting isointense signal of both, the median and paramedian space occupying
lesions. (b) Corresponding contrast enhanced view, where homogeneous, but different signal enhancement is seen: the adenoma present only with slight,
the meningeoma with intense enhancement, leading to diagnosis. (c) Paramedian sagittal native view showing the cranio-caudal extension of the pituitary
adenoma, with impression and dislocating of the chiasm (arrow). (d) Coronal contrast enhanced view demonstrating the different tumors by some
interposed, extrinsic compressed frontal brain parenchyma. ((a, b) With permission of Müller-Forell, 2002.)

2.1.1.4. Aneurysms. The rupture of an intracranial
aneurysm, mainly located at the circle of Willis, is the most
common atraumatic cause of subarachnoid hemorrhage
(SAH), presenting with a sudden onset of severe headache,
varying loss of consciousness, seizure, vomiting and focal
neurological deficits, requiring immediate, either neurosur-

gical or interventional neuroradiological therapy, especially
in view of a high incidence of often life-threatening rebleed-
ing. The underlying pathological process of intracranial
aneurysms has been recognized as an endothelial dysfunc-
tion [13]. Clinical symptoms with visual deficiencies of
symptomatic unruptured intracranial aneurysms of the in-
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Fig. 5. MR of a 47-year-old female who presented in pituitary coma; after substitution, she complained of headache, variable visual deficits and clinical
constellation of meningism and fever. Diagnosis: pituitary abscess. (a) Sagittal T1w contrast enhanced view with ring shaped enhancement of the pituitary
and sphenoid sinus. (b) Coronal T1w contrast enhanced view demonstrates complete necrosis of the pituitary gland.

fraclinoid or supraclinoid internal carotid artery (ICA), the
anterior cerebral artery (ACA), or the basilar artery depend
on the site of compression of visual pathway structures.
(Figs. 11–13). Neither the extent nor the clinical symptoma-
tology of slowly progressing visual field deficits caused by
aneurysm may be readily distinguished from those caused
by tumors. Orbital pain, periorbital or facial pain is the most
common symptom of cavernous carotid aneurysms, fol-
lowed by different types of cranial nerve palsies. Isolated N
III palsy may lead to diagnosis of an aneurysm of the pos-
terior communicating artery, while an aneurysm of the ICA
is suspected in the presence of a combination of NVI or N
IV palsy and a sensory deficit of the trigeminal nerve[14].

In acute subarachnoid hemorrhage CT is the method of
choice, as it demonstrates not only the extent of the bleed-
ing itself, but also the volume and distribution of the acute
hemorrhage and its complication as acute CSF disturbance.
In unruptured aneurysm CT might demonstrate secondary
changes as bony erosion of the sphenoid, or calcification of
the wall, as these aneurysms are generally larger than rup-
tured aneurysms. MR is the method of choice in visualizing
the vicinity of unruptured aneurysm and their relation to the
optic nerve, chiasm or optic tract, due to its multiplanar ca-
pability in combination with its high sensitivity and spatial
resolution, enabling the detection of flowing blood. Combi-
nation of MR images with 3D-TOF (time-of-flight) or 3D
phase contrast MRA, enables a detection rate of aneurysms
>3 mm in diameter of≈ 100%[15]. Intra-arterial DSA of
the cerebral vessels still remains the gold standard in the
detection or exclusion of intracranial aneurysms as it repre-
sents not only the most sensitive method, but enables precise

planning and performance of interventional therapy with coil
occlusion, preferably using 3D-DSA[16,17].

2.1.2. Miscellaneous
Germ cell tumors of the CNS constitute a unique class of

rare tumors of different malignant character, affecting chil-
dren and young adults, but represent only 0.5% of all in-
tracranial neoplasms. About 80% impinge on the midline
with preference to the pineal gland, but intra- or suprasellar
locations may be involved (Fig. 14), simultaneously or se-
quentially, if the tumor is multifocal[18]. Hormonal distur-
bances, due to hypothalamic infiltration may be additional to
visual pathway disturbances, as Parinaud syndrome in case
of involvement of the quadrigeminal plate, or visual loss
and/or cranial nerve palsies in case of suprasellar growth
with impingement of the chiasm. On imaging germ cell tu-
mors appear as a solid, homogeneous mass, rarely includ-
ing cysts, a feature that is in contrast to craniopharyngeoma.
In noncontrast enhanced images, they demonstrate an even
unspecific character on methods, CT and MR, but show a
marked, mainly homogeneous enhancement after adminis-
tration of i.v. contrast material[4,5].

Chordomas are extremely rare, slow growing, osteode-
structive, histologically benign, midline tumors, participat-
ing in ophthalmologic disorders only in case of extension
towards the chiasm (Fig. 15). Differential diagnosis of these
lesions, presenting on imaging with intermediate signal on
both T1w and T2w images with moderate contrast enhance-
ment, should include chondromas, chondrosarcomas, metas-
tasis, as well as hormone-inactive pituitary adenomas or even
skull base meningeomas[19].
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Fig. 6. MR of a 13-year-old boy with quick vision loss on both eyes (1/40 and 1/20). Diagnosis: meningeoma of the sphenoid plane. (a) Axial T2w
view, demonstrating a mass in the anterior cranial fossa bilaterally, with lateralization to the right, and with inhomogeneous signal, apparently including
a cystic tumor part (arrow). (b) Corresponding T1w native view, where the extrinsic nature of the lesion is seen, as it impresses both frontal lobes. Note
the posterior dislocation of the chiasm and both optic tracts (stars). (c) In the T1w native midsagittal view the dislocation of the chiasm is apparent
(arrow). (d) Corresponding contrast enhanced view.
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Fig. 7. MR of a 72-year-old female with history of multiple brain infarctions, responsive for variable neurological deficits, who developed a slowly
progressing visual deficit with acute deterioration. Diagnosis: meningeoma of the tuberculum sella. (a) Axial T2w FLAIR image with isointens, well
delineated suprasellar mass. Note the additional brain atrophy and temporal signal intensities, as residuum of the brain infarctions. (b) Coronal T1w
native view with inferior compression of the chiasm (arrows). Note the delineation of the unaffected pituitary gland. (c) Midsagittal T1w native view,
demonstrating the globular shape of the meningeoma, located at the sellar tuberculum, and distinct from the pituitary gland. Note the megadolicho
configuration of the basilar artery, elevating the floor of the third ventricle. (d) Corresponding contrast enhanced view, where the tumor extension along
the sphenoid plane is apparent (so-called ‘tumor-tail’) (arrow).

2.1.3. Intrinsic lesions

2.1.3.1. Glioma of the chiasm. Gliomas of the ante-
rior visual pathway are uncommon lesions, histologically
mainly defined as pilocytic astrocytoma, and mainly affect-

ing children and young adults (see chapter optic nerve).
Although most of these gliomas are located in the optic
nerve, some show an additional involvement of the chiasm,
only 7% of pilocytic astrocytoma demonstrate an exclusive
involvement of the chiasm, and 46% touch the chiasm and
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Fig. 8. T1w MR of a 33-year-old female with known amaurosis of the left eye persisting for two years. Acute presentation with complain of double vision
for the previous 2 weeks. Diagnosis: sphenoid wing meningeoma with secondary infiltration of the optic nerve sheath and cavernous sinus. (a) Axial
native view with isointense small mass in the area of the left clinoid process, no definite identification of the left optic nerve. Note the slight widening
of the left ophthalmic artery (white arrow), compared to the right. (b) Corresponding contrast enhanced (FS) view. Although the intracranial tumor part
is small, an extent growth en plaque around the left clinoid process into the ipsilateral and towards the contralateral optic canal with involvement of the
left optic sheath is apparent. (With permission of Müller-Forell, 2002.)

hypothalamus (Fig. 16). In cases of an additional or primar-
ily hypothalamic involvement the mortality rate increases to
over 50%, since no specific therapy alters the final outcome
[20].

Only 10% of gliomas of the chiasm occur in patients
older than 20 years[21], representing a clinical entity dis-
tinct from the benign gliomas of childhood, due to the fact
that they are not associated with NF1 but include malignant
astrocytoma or glioblastoma (Fig. 17) and uniformly show a
fatal course of usually<1 year[20,22]. Visual impairment
of these patients depends on the size and location of the
mass.

2.1.3.2. Astrocytoma. Astrocytoma represent the most fre-
quent entity of primary brain tumors with up to 60% of all
intracranial neoplasms. They arise from differentiated, neo-
plastically transformed astrocytes, comprise a wide range
of age and gender distribution, growth potential, extent of
invasiveness, morphological features, tendency for progres-
sion and clinical course[1,23]. Astrocytomas include pilo-
cytic and subependymal giant cell (both WHO I), diffuse low
grade astrocytoma (WHO II), anaplastic astrocytoma (WHO
III) and glioblastoma (WHO IV). These different entities re-
flect the type and sequence of genetic alterations acquired
during the process of transformation, where the progression
from low grade to anapalastic astrocytoma and glioblastoma
is associated with the cumulative acquisition of multiple ge-

netic alterations[23]. All astrocytoma are characterized by
more or less localized or diffuse infiltration of the adjacent
or distant brain parenchyma and may have an inherent ten-
dency for malignant progression, with glioblastoma as the
most malignant phenotypic endpoint[23,24].

Pilocytic astrocytoma are more circumscribed intrinsic le-
sions, which typically present in the fist two decades, with
preference to the optic nerve and chiasm and/or hypotha-
lamus (Fig. 18), sometimes associated with clinical diag-
nosis of NF1[25]. Diffuse astrocytoma (WHO II), charac-
terized by diffuse infiltration of the adjacent parenchyma
with a tendency to malignant progression to anaplastic as-
trocytoma and, ultimately glioblastoma mainly affect adults.
Glioblastoma, representing the most frequent malignant in-
tracranial tumor, account for≈ 60% of all astrocytoma. The
histopathological features are characterized by cellular poly-
morphism, nuclear atypia, brisk mitotic activity, thrombosis,
microvascular proliferation, and necrosis[24]. Imaging fea-
tures of astrocytoma are as variable as the histopathological
ones: low-grade astrocytoma present as mildly hypointense
on T1w and hyperintense on T2w images, mainly without
any contrast enhancement. BBB disruption may be a factor
in tumor progression, and can be assumed in glioblastoma,
where the simultaneous delineation of tumor necrotic cysts,
sometimes associated with hemorrhages and solid, enhanc-
ing tumors parts, combined with reactive brain edema re-
flects histopathology[24].
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Fig. 9. A 3-year-old boy with recurrent headache, leading to imaging, but no neuro-ophthalmologic deficit. Diagnosis: craniopharyngeoma. (a) AxialCT
with a cystic mass with calcified capsule in a widened sella. (b) Corresponding T2w view, confirming the cystic nature of the mass. (c) Midsagittal T1w
native view, presenting the entire cranio-caudal extension of the mass, which demonstrated homogeneous contrast enhancement (not shown).

2.1.3.3. Cavernoma. Calcification can be seen in cav-
ernoma, the only true venous malformation of the CNS,
which consists of widened endothelial-lined sinusoidal
vascular spaces without any interposed neural tissue.
Cavernoma can be found anywhere in the cerebral or
spinal tissues, sometimes multifocal. Intralesional hem-
orrhages are consistently found at pathology, but only
few patients present with clinical symptoms of an acute

bleeding episode, which is more frequent in cavernoma
<10 mm in size. CT may identify intralesional calcifi-
cation, but specific diagnosis is to be made with MR.
Due to the high susceptibility of hemosiderin, especially
T2*-weighted sequences demonstrate intralesional or oc-
cult hemorrhages/calcification (Fig. 19), not only adjacent
to the lesion itself, but also in other regions of the CNS
[8,26,27].
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Fig. 10. A 63-year-old female presenting with unspecific visual deficits and beginning right optic nerve atrophy. Diagnosis: craniopharyngeoma. (a)Axial
CT, where only slight perisellar calcification were seen. (b) Coronal T2w view, demonstrating a cystic infraoptic lesion at the right. The arrows indicate
the lateral parts of the impressed chiasm, the small star the unaffected pituitary gland. (c) Midsagittal T1w native view that shows the only slight inferior
impression of the chiasm. Note the impression of the floor of the third ventricle due to megadolicho-basilar artery. (d) Corresponding contrast enhanced
view, where the intrasellar expansion of the tumor is apparent. The star marks the unaffected pituitary gland.

3. Optic tract and area

Patients suffering from lesions of the optic tract and visual
area present with homonymous hemianopia to the contralat-
eral visual field, but may demonstrate different extent, de-
pending on the kind and location of the underlying pathology
(see also chapters of anatomy and neuroophthalmology).

3.1. Neoplasms

3.1.1. Ependymoma
Ependymoma (Fig. 20) are slowly growing intrinsic tu-

mors (WHO grade II), arising from ependymal layers of the
ventricles with variable morphologic features and include
subependymoma, myxopapillary ependymoma (both WHO
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Fig. 11. A 48-year-old woman with acute loss of vision in the left eye, accompanied by severe headache. Diagnosis: acute subarachnoid hemorrhage
(SAH) caused by an ophthalmic aneurysm of the left ICA. (a) Axial CT with acute subarachnoid hemorrhage of the basal cisterns and a circular
target-shaped formation in the left subcallosal area. (b) 3D-CT-angiography (left is right and vice verse) showing a lobulated aneurysm of the left ICA.
(c) DSA of the left ICA in an oblique view to the right, revealing an upwardly directed, slightly lobulated aneurysm of the C5-part of the left ICA.
(With permission of Müller-Forell, 2002.)

I), and anaplastic ependymoma (WHO III) (Fig. 21). They
account for up to 9% of all neuroepithelial tumors at any
site of the ventricular system, preferentially affecting chil-
dren and young adults, most commonly in the infratento-
rial compartment (fourth ventricle). In cases of involvement
of the supratentorial parenchyma (Fig. 21), again mainly in

children and young adults, they originate from embryonic
ependymal remnants[28]. On imaging these quite distinctly
circumscribed lesions present with heterogeneous signal in-
tensities, low on T2w and slightly hyperintense on T1w
imaging, reflecting partly cystic, partly calcified, necrotic
and hemorrhagic areas of the mass, while solid tumor parts
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Fig. 12. A 49-year-old woman with chronic headache, leading to imaging, no visual deficits, but signs of left optic nerve compression upon Goldman
visual field examination. Diagnosis: incidental ophthalmic aneurysm of the left ICA. (a) Axial T1w high-resolution view (flash 3D), where an impression
of the left optic nerve at its proximal intracranial course due to an anteriorly arising aneurysm at the origin of the ophthalmic artery is seen. (b)
MR-angiography (MIP reconstruction), demonstrating the superior extension of the lesion. (c) DSA of the left ICA (lateral view) shows the origin of the
aneurysm at the origin of the ophthalmic artery (arrow). ((c) With permission of Müller-Forell, 2002.)

show BBB disruption (Fig. 21). MR is the method of choice
for detection of additional CSF dissemination, usually found
in conjunction with recurrence at the primary site[29].

3.1.2. Primary CNS lymphoma
Primary CNS-lymphoma is defined as extranodal malig-

nant lymphoma arising in the CNS (according to intrinsic

lesion) in the absence of obvious lymphoma outside the
nervous system at the time of diagnosis (Figs. 22 and 23)
and should be differentiated from secondary manifestation
of systemic lymphoma (Fig. 24) [30]. In immunocompe-
tent patients, the sixth to seventh decade is the mean age of
manifestation, whereas the median age of incidence in im-
munocomprised patients (organ transplant recipients, con-
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Fig. 13. A 66-year-old woman with pressure sensation behind the right eye and slowly progressing visual deficit, presenting with incomplete N III-paresis
of the right eye. Diagnosis: partly thrombosed (butterfly-shaped) aneurysm of the right ICA bifurcation. (a) Axial CT of the suprasellar region with
ring-shaped calcification in thee right paramedian region of the basal ganglia and thalamus. (b) Axial T1w native MR of the region of the interpeduncular
cistern, demonstrating a flow void of the open aneurysm, in addition to an onion-shaped (older) thrombosed part (small arrows) frontal to the aneurysm.
Note the compressed chiasm (big arrow). (c) Coronal T1w native MR documenting the butterfly-shape of the lesion. Note again the flow void of the
open part of the aneurysm and the onion-shaped thrombosed area (small arrows) with impression of the basal ganglia. (d) ap View of the DSA of the
right ICA, demonstrating the entire open area as well as the origin of the aneurysm at the ICA bifurcation with location of the right M1-segment below.
Note the lack of opacification of the ispilateral ACA, which may be due to both compression (by the thrombosed part) and minor antegrade flow. (With
permission of Müller-Forell, 2002.)
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Fig. 14. MR of an 11-year-old girl with universal infantilism but no visual symptoms. Diagnosis: pituitary and hypothalamic germinoma. (a) Midsagittal
T1w native view with enlargement of the optic chiasm and pituitary stalk. (b) Corresponding contrast enhanced view with inhomogeneous signal
enhancement of the chiasm, hypothalamus, and pituitary gland. (c) Axial T1w, contrast enhanced view with tumor enhancement of the chiasm and
thickened pituitary stalk). (With permission of Müller-Forell, 2002.)

genitally immunodeficient or HIV-patients) ranges from 10
to 39 years[30]. Although the most common location is
supratentorial, involvement of the occipital lobe is seen in
only 3%. As an exquisite sensitivity to steroids exists, these
drugs should be withheld until tissue is obtained for diag-
nosis by stereotactic biopsy[30,31].

On imaging, classic findings show multiple, sometimes
solitary masses involving deep gray matter structures, the

corpus callosum, and periventricular regions with moder-
ate perifocal edema (Fig. 22). Slightly hyperdense on CT
and isointense on all MR sequences lymphoma present
with diffuse to homogeneous contrast enhancement. In
case of enhancement along perivascular leptomeningeal
spaces (Fig. 23), CNS lymphoma should be put on top
of the differential diagnosis, together with sarcoidosis and
toxoplasmosis.
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Fig. 15. MR of a 61-year-old woman with slowly progressing visual deficit (only shadow vision) of the right eye. Diagnosis: chordoma. (a) Midsagittal
T1w native view, demonstrating the entire tumor growth with complete destruction of the clivus and hard plate, as well as compression of the brainstem,
and slight impression of the chiasm. The different signal intensities are due to small intratumoral hemorrhages. (b) Axial T2w view, where the bilateral
destruction of the optic canal is demonstrated. The arrow indicates the dislocated left Gasserian ganglion. (With permission of Müller-Forell, 2002.)

3.1.3. Miscellaneous
Meningeomas may arise at any region of the skull, be-

cause of their slow growth neurologic symptoms may arise
late in respect to tumor size (Fig. 25).

It is the nature of metastasis to mimic many of the primary
CNS tumors, and especially in case of up to now unknown
primary tumor, when neurologic symptoms indicate imag-
ing, only histology may lead to the right diagnosis (Fig. 26).

3.2. Nonneoplastic lesions

3.2.1. Vascular lesions
Underlying pathology of acute functional disorders of the

brain, clinically presenting as stroke, includes a heteroge-
neous group of cerebrovascular disorders. The four major
groups are cerebral infarction (80%) caused by arterial ves-
sel occlusion or as a result of inflammatory vascular disease,
spontaneous subarachnoid (5%) or intracerebral hemorrhage
(15%) and venous occlusion[32].

The main arterial supply of the optic tract and radia-
tion arises from the territory of the posterior cerebral artery
(PCA), which gives rise to the medial and posterior choroidal
arteries, which are in hemodynamic balance with the ante-
rior choroidal arteries, arising from the ICA and applying
the optic tract. Although considerable variation exists, the
PCA mainly supplies the inferior temporal and the occipi-
tal lobe[33]. In acute cerebral ischemia and infarction the
blood flow is significantly diminished, but the damage to
the affected brain depends on vulnerability of the brain, col-

lateral supply, degree and duration of the cerebral ischemia
[12].

Imaging is able to reflect the alterations of cell membrane
function and loss of cytoskeletal integrity with subsequent
cell death in the course of cerebral infarction[32]. In partic-
ular MR studies, including T2w, diffusion weighted (DWI)
and MRA (MR-angiography) sequences identify the local-
ization of the occlusion and also the area of brain damage
earlier and more sensitively than with CT[34]. The acute ac-
cumulation of intra- and extracellular edema induces a pro-
longation of both T1 and T2, resulting in a high signal on
T2w images, not always apparent in early scan, where, on
the other hand indirect signs (also known on CT) of subtle
swelling of the affected gyri and compression of the adja-
cent sulci should be noted. The most sensitive sequence used
in early infarction is diffusion weighted imaging (DWI), in-
cluding ADC-maps (Fig. 27), as the early cytotoxic edema
restricts the water diffusion (restricted Brown’s molecular
movement), resulting in high signal intensity of infracted
brain compared to unaffected normal brain (Fig. 28).

Especially in younger patients, where degenerative arte-
rial lesions are unlikely vasculitis should be taken into dif-
ferential diagnosis consideration. Vasculitis is defined by its
pathological findings of inflammation and necrosis of the
blood vessel wall, with involvement of virtually any size or
type of organ system[35]. In general CNS involvement is
rather uncommon, and isolated CNS vasculitis rather rare
[36], but classification of CNS vasculitis vary from pri-
mary (e.g. periarteritis nodosa, giant cell arteritis, Wegener’s
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Fig. 16. MR of a 9-year-old boy with pubertas praecox. A bilateral atrophy of the optic nerve and visual deficit were unknown, but found on ophthalmologic
examination. Diagnosis: optic glioma with hypothalamic involvement. (a) Axial T2w view, demonstrating hypothalamic and temporomesial infiltration
(including the optic tract) of the right side, but another signal enhancement of the left optic tract (arrow). (b) Corresponding T1w native view with
enlargement of the right part of the optic chiasm and both optic tracts, with preference to the right. (c) Midsagittal T1w native view, demonstrating
a mass without any delineation of the chiasm. The arrow indicates the pituitary stalk. (d) Coronal T1w contrast enhanced view, demonstrating tumor
invasion of both lateral geniculate nuclei (arrow), again with preference to the right.

granulomatosis) or secondary in collagen vascular diseases
(e.g. systemic lupus erythematosus, rheumatoid arteritis),
from infectious (e.g. bacterial, fugal) or non-infectious (e.g.
immune-cell-mediated)[12,37]. Clinical symptoms are vari-
able and unspecific, while MR findings may (but not always)
show various (although not specific) lesions. As the patho-

logic process of perivascular inflammation may affect not
only capillaries, but also arterioles and arteries simultane-
ous finding of microinfarctions, territorial and hemodynamic
infarctions may occur[36]. Confirmation with cerebral an-
giography, demonstrating multiple arterial vessel irregulari-
ties [12] (Fig. 29), should be aspired.
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Fig. 17. MR (T1w, contrast enhanced) of a 70-year-old female with progressive visual deficit to loss within 2 weeks of the right eye and loss of vision
(o.1) of the left eye. Diagnosis: glioblastoma of the chiasm (a) Axial view with of a solid tumor with some necrosis of the chiasm, demonstrating a
lateralization to the right. (b) Coronal view. (c) Midsagittal view, showing beginning invasion of the floor of the third ventricle. (With permissionof
Müller-Forell, 2002.)

Sturge Weber syndrome (synonym: encephalotrigeminal
angiomatosis), a sporadically occurring phacomatosis, is
characterized by a ‘port wine’ stain face (naevus flammeus)
in the trigeminal distribution, leptomeningeal venous an-
giomatosis (caused by faulty development of the venous
drainage), clinically presenting with seizures, dementia,
hemiplegia, hemianopia, buphthalmus and glaucoma. In-
tracranial involvement is regularly ispilateral of the nevus

flammeus of the face, affecting the occipital lobe preferen-
tially [38]. Although CT can identify (specific) dystrophic
subcortical calcification in areas of cortical atrophy, MR is
more sensitive than CT in identifying secondary changes
of the affected areas, with cortical atrophy, (compensatory)
ventricular and choroid plexus enlargement, and calvarial
hemiatrophy (Fig. 30). Superficial gyriform contrast en-
hancement is caused by slowly flowing blood within the
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Fig. 18. T1w MR of a 9-year-old boy with known NF1, presented with left N VI paresis and right sided papilledema. Diagnosis: pilocytic astrocytoma
of the hypothalamus. (a) Axial view visualising the partly cystic, partly solid tumor in the left hypothalamic region. Note the small capsule, delineating
the cystic tumor from the dislocated, impressed third ventricle (arrow). (b) Corresponding contrast enhanced view with bright signal enhancement of the
solid tumor part. (c) The midsagittal view shows best the retro-chiasmatic extension of the tumor with caudal impression of the third ventricle. The
arrow indicates the chiasm. (With permission of Müller-Forell, 2002.)

persistent plexus of the subarachnoid space and/or BBB
loss within cerebral cortex from cerebral ischemia[38].

3.2.2. White matter lesions (MS)
Multiple sclerosis is the most common demyelinating dis-

order of the CNS. Two main theories concerning the aeti-
ology of this disease are discussed, a genetic and environ-
mental, one might be influenced by the other, so that the
expression of a susceptibility gene (or genes) depends on
environmental factors[39]. Most often the first and only
clinical symptom in younger patients aged from 20 to 40
years, consists of impaired vision, presenting as retro-bulbar
neuritis (RBN), followed or combined with fluctuating pe-
riods of sensomotoric or gait disturbances[40]. The clinical

course of MS can be divided into a relapsing-remitting and a
chronic progressive form. MR imaging got a new quality in
diagnosis, as new guidelines enable the physician to define
the diagnosis for MS, possible MS or nor MS[41]. These
guidelines include the evidence of dissemination in time and
space of lesions typical for MS, objectively determined by
clinical and imaging signs. They should require evidence of
at least three of the following findings:

1) one gadolinium enhancing lesion or nine T2-hyperin-
tense lesions,

2) at least one infratentorial lesions
3) at least one juxtacortical lesion
4) at least three periventricular lesions.
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Fig. 19. MR of a 40-year-old female with unspecific symptoms, but no visual deficit. Diagnosis: incidental detected cavernoma of the right chiasm and
optic tract. (a) Coronal T1w native view with enlargement of the right chiasm. (b) Coronal T2w image, demonstrating target-like signals at the proximal
right optic tract. (c) Axial T2*w image with characteristic hemosiderin susceptibility artefact (arrow).

Additional findings of CSF abnormalities (oligoclonal
bands), lymphocytic pleocytosis, and abnormal visual
evoked potentials (VEP) provide supplement information to
clinical findings, typical for MS.

MR is the imaging tool of choice in suspected demyelinat-
ing disorders[8,38–40]. Although the sensitivity in detect-
ing MR lesions is very high, the correlation of neurological
symptoms and localization of imaging findings is rare and
only probable in some cases (Fig. 31). The imaging protocol
should include axial and sagittal PD/T2w and FLAIR se-
quences, where the demyelinated areas demonstrate a high
signal [42]. T1w native and contrast enhanced sequences
demonstrate acute or recurrent inflammatory lesions, due to
BBB disruption[43]. The sagittal view is best in order to
show the characteristic so-called Dawson’s finger, presenting
as periventricular, pericallosal, ovoid lesions, due to perivas-
cular inflammation in the course of medullary veins[43].

BBB disruption of acute or recurrent inflammatory lesions
is apparent in contrast enhanced T1w sequences[43–45].

Acute disseminated encephalomyelitis (ADEM) is char-
acterized by an acute monophasic disorder, in contrary to
MS. Predominantly occurring following a viral infection,
ADEM may affect patients at any age, but with a preference
for children and young adults[46,47]. Consequently, the si-
multaneous occurrence of a variety of polytopic neurolog-
ical symptoms such as, e.g. hemi- to tetraplegia or ataxia,
combined with optic neuritis and bladder dysfunction may
lead to correct diagnosis. The bilateral but slightly asym-
metric lesions typically affect both, the white and gray mat-
ter, with severe destruction of the latter[39]. The imaging
method of choice again is MR, as it best shows the mainly
subcortical, confluent foci on T2w images (Fig. 32) and a
similar contrast enhancement of all lesions, if BBB disrup-
tion is apparent[46,47].



164 W. Müller-Forell / European Journal of Radiology 49 (2004) 143–178

Fig. 20. MR of a 28-year-old woman with chronic headache and slight, unspecific visual disturbances. Diagnosis: intraventricular ependymoma. (a) Axial
T2w image with space occupying tumor in the right temporal lobe, only slight perifocal edema. (b) Corresponding T1w contrast enhanced view with
inhomogeneous signal enhancement of the tumor. Note the anteriorly displaced temporal horn (arrow) and the distinct delineation of the process, dueto
mainly intraventricular location. (c) Coronal T1w contrast enhanced view, note the displacement of the temporal horn (arrow). (With permission of Dr
Lorenz, Department of Radiology of Katholisches Klinikum Mainz.)
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Fig. 21. MR of a 5-year-old boy suffering from headache for 10 days, presenting because of an acute N VI-paresis of the right eye and homonymous
hemianopia to the left. Diagnosis: anaplastic ependymoma. (a) Axial T2w view, showing a large mass with apparently cystic configuration (due to
tumor necrosis) in the right occipital lobe with compression of the posterior horn of the right ventricle and marked perifocal edema. Note the left optic
radiation. (b) Corresponding T1w native view, confirming the suspicion because of the hypointense signal character of the well delineated mass. (c)
Paramedian sagittal T2w view. Note the dislocation of the parieto-occipital sulcus (small white arrows) and a widened cerebello-medullary cisternas an
incidental finding. (d) Coronal T1w contrast enhanced image, demonstrating the impression of the ispilateral calcarine sulcus (black arrow), compared
to the contralateral (white arrow).



166 W. Müller-Forell / European Journal of Radiology 49 (2004) 143–178

Fig. 22. MR of a 55-year-old man suffering from recurrent blurred vision. Diagnosis: CNS lymphoma. (a) Coronal T2w FLAIR sequence demonstrating
the relation of the tumor (intermediate signal) and perifocal edema (bright signal) to the calcarine sulcus. (b) Corresponding T1w native view. The
arrow indicates the right calcarine sulcus. (c) Corresponding contrast enhanced view with homogeneous signal enhancement of the lymphoma. (Note the
predilection of periventricular location.) ((a) With permission of Müller-Forell, 2002.)

Wernicke encephalopathy is one of multiple exogeneous
toxic encephalopathies, caused by a nutritional deficiency
of vitamin B (thiamine), mainly, but not exclusively, found
in chronic alcoholics. The acute onset of clinical symptoms
consists of ophthalmoplegia, ataxia, and confusion, some-
times with additional neuropathy[1,48]. The lesions are dis-
tributed symmetrically in the diencephalons along the brain-
stem, involving the mammillary bodies, the periaqueductal

gray matter, and the thalamus, adjacent to the third ventricle
(Fig. 33) [1,39]. These pathological findings are reflected on
MR, where hyperintensities on T2w images at the periven-
tricular nuclei of the thalami and mamillary bodies are seen,
in acute stages combined with contrast enhancement[49].

Sarcoidosis is a systemic granulomatous disease of un-
known origin, which present in patients younger than 40
years old, with a slight predilection for women. Patients
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Fig. 23. T1w contrast enhanced MR of a 58-year-old man with acute ptosis of the right eye, deafness, and deficits of several cranial nerves. Diagnosis:
primary CNS lymphoma. (a) Axial view at the level of the internal auditory canal, demonstrating tumor involvement of both N VII/N VIII nerve
complexes and a wide meningeal tumor of the right middle cranial fossa with infiltration of the cavernous sinus (arrows). (b) Axial view at the level of
the chiasm shows significant signal enhancement of the leptomeningeal tumor-coating of both oculomotor nerves in the interpeduncular cistern. (With
permission of Müller-Forell, 2002.)

Fig. 24. MR of a 9-year-old boy with known ALL, presenting with acute N VI-paresis and progressive loss of consciousness. Diagnosis: extensive
intracranial metastasis of extracranial ALL. (a) Axial FLAIR image with mesencephalic and left thalamic infiltration and additional subcortical edema of
the left calcarine region. (b) Corresponding T1w contrast enhanced view with only little signs of BBB-disruption. (c) The coronal T1w contrast enhanced
view some minutes later demonstrates an intense enhancement in the left occipital lesion, and an additional in the ipsilateral parietal lobe.
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Fig. 24. (Continued ).

Fig. 25. MR of a 65-year-old female presenting with seizure and homonymous hemianopia to the right. Diagnosis: left occipital meningeoma. (a) Axial
flair image with large mass in the left occipital region. Note the slightly inhomogeneous signal with central hypointensity (corresponding calcification) and
some perifocal edema. (b) Corresponding T1w (IR) view, where the extrinsic character of the tumor is apparent, with compression of the parahippocampal
gyrus (arrow) and splenium of the corpus callosum. (c) Corresponding contrast enhanced image. Note the hypointensity of the calcified portion. (d)
Coronal T1w (IR) view; the calcarine sulcus and visual cortex (arrow) is extremely dislocated.
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Fig. 25. (Continued ).

Fig. 26. MR of a 48-year-old female presenting chronic headache since two months and with homonymous hemianopia to the left. Diagnosis: metastasis
of a (up to date) unknown carcinoma of the kidney. (a) Axial FLAIR image with a mixed (solid and cystic) structure in the posterior part of the occipital
lobe and extensive edema. (b) Corresponding T1w contrast enhanced view, with enhancement of the solid parts of the tumor.
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Fig. 27. MR of a 57-year-old woman presenting with acute homonymous hemianopia to the left. Diagnosis: acute infarction of the right PCA (posterior
cerebral artery). (a) Axial T1w native view with diffuse swelling of the right occipital gyri adjacent to calacarine sulcus, and with additional subcortical
hemorrhagic transformation. (b) Corresponding DWI with bright signal. (c) Corresponding ADC map, demonstrating the acute infarction by hypointensity
of the affected area.



W. Müller-Forell / European Journal of Radiology 49 (2004) 143–178 171

Fig. 28. MR of a 70-year-old man, with known occlusion of the right ICA, who presents with acute homonymous hemianopia to the left. Diagnosis:
embolic infarction of the right geniculate nucleus. (a) DWI, showing another (subacute) infarction of the anterior basal ganglia. (b) Corresponding ADC
map. (c) 3D-MRA (TOF), where the total occlusion of the right ICA is apparent and additional stenosis of the left vertebral artery (V4-segment) (arrow)
is apparent.

present with anergy, clinical symptoms include a positive
Kveim test, hilar adenopathy, hypercalcemia and uveitis.
In up to 10%, an involvement of the CNS is evident,
in rare cases as the first or only clinical manifestation
[50]. Histopathology consist of noncaseating granulomas,

mostly around the basal cisterns, with preference to the
cranial nerves, including optic chiasm as the most com-
mon site of affection[1], in rare cases with an intra-
parenchymatous extension via the Virchow-Robin-spaces
(Fig. 34).
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Fig. 29. A 33-year-old woman with acute homonymous hemianopia to the left. Diagnosis: infarction of PCA associated with cerebral vasculitis. (a) MR:
axial T2w FLAIR image with an area of high signal intensity in the calcarine region. (b) Intra-arterial DSA: early lateral-view of the left VA (vertebral
artery) with clearly apparent irregularity with narrowing (arrowhead) and fusiform widening of the PCA in the entire distribution area. (c) Arterial phase
of the left ICA in lateral view, confirming the diagnosis by segmental irregularity (arrowheads) of the distal branches of the MCA (middle cerebral
artery). (With permission of Müller-Forell, 2002.)
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Fig. 30. MR of an 11-year-old girl with unexplained unconsciousness and known Sturge-Weber syndrome. (a) Axial T1w native view without any
evident abnormality. (b) Corresponding contrast enhanced view, demonstrating leptomeningeal enhancement of the left temporo-occipital region as well
as thickening of and asymmetric enhancement of the ispilateral choroid plexus. (c) Coronal T1w contrast enhanced view. Note the slight thickening and
enhancement at the tentorium. (With permission of Müller-Forell, 2002.)
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Fig. 31. MR of a 30-year-old female with recurrent optic neuritis and alternating neurological deficits. Diagnosis: multiple sclerosis. (a) Axial PDw
image, demonstrating multiple, typical ovoid periventricular lesions with preference to the occipital region. (b) Corresponding T1w contrast enhanced
view, where a slight BBB disruption is seen adjacent to the right calcarine sulcus (arrow). (c) Paramedian sagittal PDW image, showing a demyelinating
plaque not only in the striate area but in the frontal white matter and in the corpus callosum.
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Fig. 32. MR of a 6-year-old boy with acute (not longer than 12 h) bilateral vision loss, and acute, diffuse disseminating pain in all parts of the body.
Diagnosis: ADEM (acute disseminating encephalomyelitis). (a) Axial T2w view, demonstrating inflammatory affection of both optic tracts towards the
lateral geniculate nucleus (right»left), right thalamus and basal ganglia. (b) Coronal T2w view of the posterior orbit with bright signal enhancement of
the left optic nerve.

Fig. 33. T2w MR of a 47-year-old woman alcoholic presenting with bilateral internuclear ophthalmoplegia (INO) and ataxia. Diagnosis: Wernicke
encephalopathy. (a) Axial view of the cerebral peduncle showing the characteristic periaqueductal demyelination. (b) Axial view of the region of the
third ventricle demonstrates the periventricular involvement (thalami). (With permission of Müller-Forell, 2002.)
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Fig. 34. MR of a 31-year-old female presenting with seizure, hypakusis, ptosis and internuclear ophthalmoplegia (INO) of the right eye. Diagnosis:
sarcoidosis: (a) Axial T2w FLIR image with high signal of the chiasm and adjacent frontal as well as bitemporal subcortical white matter. (b)
Corresponding T1w native view with irregular signals in the basal cistern. (c) Corresponding contrast enhanced view demonstrating ubiquitous nodular
and confluent signal enhancement in all basal cisterns with interpeduncular dominance. (d) Midsagittal T1w contrast enhanced view, showing that the
entire subarachnoid space is affected.
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