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The hypothalamus is susceptible to involvement by a variety of pro-
cesses, including developmental abnormalities, primary tumors of the
central nervous system (CNS), vascular tumors, systemic tumors af-
fecting the CNS, and inflammatory and granulomatous diseases. The
hypothalamus may also be involved by lesions arising from surround-
ing structures such as the pituitary gland. Magnetic resonance (MR)
imaging is the modality of choice for evaluating the anatomy and
pathologic conditions of the hypothalamus. The MR imaging differen-
tial diagnosis depends on accurate anatomic localization and tissue
characterization of hypothalamic lesions through the recognition of
their signal intensity and contrast material enhancement patterns. Dif-
fusion-weighted imaging and proton MR spectroscopy can be helpful
in differentiating among various types of hypothalamic lesions. Key
MR imaging features, in addition to the patient’s age and clinical find-
ings at presentation, may be helpful in developing the differential diag-
nosis for lesions involving the hypothalamic region.
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Introduction
The hypothalamus (from the Greek hypo, mean-
ing “below,” and thalamus, meaning “bed”) is
that part of the diencephalon located below the
thalamus. It is a small but highly complex struc-
ture in the brain that controls many important
body functions (1–4). Magnetic resonance (MR)
imaging is the modality of choice in evaluating the
hypothalamic region (5–11).

In this article, we review the development,
gross anatomy, and function of the hypothala-
mus; MR imaging of the hypothalamus; the anat-
omy of the hypothalamus at MR imaging; and the
classification and clinical manifestations of hypo-
thalamic lesions. In addition, we discuss and illus-
trate the MR imaging features of these lesions,
including developmental abnormalities (cranio-
pharyngioma, germinoma, hamartoma, lipoma,
dermoid and epidermoid cysts, Rathke cleft cyst
[RCC], colloid cyst), primary tumors of the cen-
tral nervous system (CNS) (hypothalamic-chias-
matic glioma, ganglioglioma, choristoma), vascu-

lar tumors (hemangioblastoma, cavernoma), sys-
temic tumors affecting the CNS, inflammatory
and granulomatous diseases (Langerhans cell his-
tiocytosis [LCH], lymphocytic infundibuloneuro-
hypophysitis, sarcoidosis), and lesions arising
from surrounding structures (12–18). We also
discuss the differential diagnosis for lesions in-
volving the hypothalamus.

Figure 1. (a) Drawing shows the hypothalamus (outlined with a dashed line) lying below an imaginary line be-
tween the anterior commissure (AC) and the posterior commissure (PC). The anterior boundary of the hypothala-
mus is the lamina terminalis (LT), which extends between the optic chiasm (OC) and the anterior commissure. The
posterior boundary is imprecise; it is indicated by a line that extends between the mamillary bodies (MB) and the
posterior commissure. The floor of the hypothalamus is formed by the infundibular stalk (IS), the tuber cinereum
(TC), and the mamillary bodies. The major tracts related to the hypothalamus, the mamillothalamic tract (MT) and
the postcommissural fornix (PF), are also shown. (b) Sagittal T1-weighted MR image clearly demonstrates the anat-
omy of the hypothalamus. Note the high-signal-intensity area (arrowhead) representing the posterior pituitary gland.
AC � anterior commissure, IS � infundibular stalk, LT � lamina terminalis, MB � mamillary bodies, OC � optic
chiasm, PC � posterior commissure, TC � tuber cinereum. (c) On a sagittal contrast material–enhanced MR image,
the infundibular stalk and pituitary gland show normal homogeneous enhancement, which reflects their lack of a
blood-brain barrier.
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Development of the Hypothalamus
The hypothalamus develops from the neuroecto-
derm of the floor of the brain, which also forms
the posterior pituitary gland. The anterior pitu-
itary gland has a different embryologic origin, de-
riving from the Rathke pouch from the roof of the
mouth (1).

Gross Anatomy
of the Hypothalamus

The anterior boundary of the hypothalamus is
indicated by a “line” that extends from the ante-
rior commissure to the optic chiasm and corre-
sponds to the lamina terminalis. The posterior

boundary of the hypothalamus is indicated by a
line that extends from the mamillary bodies to the
posterior commissure. This boundary is imprecise
because the hypothalamus imperceptibly blends
into the mesencephalic tegmentum. The lateral
boundary of the hypothalamus is the medial thal-
amus, and the hypothalamic sulcus separates the
hypothalamus from the thalamus superiorly. Infe-
riorly, the hypothalamus forms the tuber cine-
reum, a tubular structure that is composed of gray
matter and lies between the mamillary bodies
posteriorly and the optic chiasm anteriorly. The
median eminence is a small bulge in the tuber
cinereum that continues downward to form the
infundibular stalk, which is attached to the poste-
rior lobe of the pituitary gland (Fig 1) (2–4).

The hypothalamus is composed of a number of
nuclei and fiber tracts that are arranged sym-
metrically about the floor and lower medial sur-
face of the third ventricle. Most of the compo-
nents of the hypothalamus can be identified on
the basis of their location with respect to two
axes, the medial-lateral axis and the rostral-caudal
axis (Fig 2). As its name implies, the medial-lat-
eral axis divides the hypothalamus into medial
and lateral areas. The majority of hypothalamic

Figure 2. Coronal T1-weighted MR images obtained at the level of (from rostral to caudal) the optic chiasm (a),
median eminence (b), and mamillary bodies (c) show the various hypothalamic structures. The major hypothalamic
tracts and nuclei (circled) are arranged symmetrically about the floor and lower medial surface of the third ventricle
and include the arcuate nucleus (A), anterior commissure (AC), dorsomedial nucleus (DM), lateral nucleus (L),
lateral preoptic nucleus (LPO), mamillary bodies (MB), medial preoptic nucleus (MPO), posterior nucleus (P),
paraventricular nucleus (PV), suprachiasmatic nucleus (SC), supraoptic nucleus (SO), and ventromedial nucleus
(VM). The arcuate nucleus is located at the base of the infundibulum. F � fornix, ME � median eminence, MT �
mamillothalamic tract, OC � optic chiasm, OT � optic tract.
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nuclei are located medially. The lateral area con-
tains a heterogeneous group of axons called the
medial forebrain bundle, which connects the fore-
brain and the brainstem. The rostral-caudal axis
further subdivides the hypothalamus into ante-
rior, tuberal, and posterior regions (Table 1)
(3,4).

There are two major white matter tracts in the
hypothalamus: the postcommissural fornix and
the mamillothalamic tract (MT) (5). The post-
commissural fornix extends from each fornical
column, runs behind the anterior commissure,
and terminates at the mamillary body. The MT
arises from the medial mamillary nucleus, passes
dorsally, and terminates at the anterior thalamic
nuclei, initially forming a well-defined bundle
known as the principal mamillary bundle (fascicu-
lus mamillaris princeps) (3). This bundle passes
dorsally for a short distance before dividing into
two components: a larger MT and a smaller ma-
millotegmental tract. The MT terminates at the
anterior thalamic nuclei (6).

Function of
the Hypothalamus

The main function of the hypothalamus is ho-
meostasis. Measurable factors such as blood pres-
sure, body temperature, fluid and electrolyte bal-
ance, and body weight are maintained at a precise
value called the set point. The hypothalamus does
so by regulating three interrelated functions: en-
docrine secretion, autonomic function, and emo-
tions (7). The hypothalamus controls the release
of hormones by the pituitary gland. Secretion
from the posterior pituitary gland can occur as a
result of direct neuronal stimulation via the infun-
dibulum, whereas secretion from the anterior pi-
tuitary gland is dependent upon the portal plexus,
a vascular conduit that carries hypothalamic re-
leasing factors to the anterior pituitary gland
(1,7).

MR Imaging
of the Hypothalamus

Sagittal and coronal spin-echo T1-weighted se-
quences are performed with thin sections (�2–3
mm) and a small field of view (16–20 cm). The
same sequences can be repeated after the intra-
venous administration of a standard dose (0.2
mmol/kg) of gadopentetate dimeglumine (8).
Sagittal dynamic images may be acquired for the
evaluation of hypothalamic lesions after the rapid
injection of gadopentetate dimeglumine. Serial
images can be obtained every 15 seconds (turbo
spin-echo) or 30 seconds (conventional spin-
echo) for 240 seconds after contrast material in-
jection (9). Contrast-enhanced fat-suppressed
images can also be useful in assessing the hypo-
thalamic region. Alternatively, a three-dimen-
sional spoiled gradient-echo volume acquisition
can be used, resulting in thinner sections (1–1.5
mm) with a good signal-to-noise ratio that can be
reconstructed in all three planes. Axial T2-
weighted and diffusion-weighted images can
be obtained either selectively for the hypotha-
lamic-pituitary axis or for the whole brain. Axial
imaging with a fluid-attenuated inversion recov-
ery (FLAIR) sequence, as well as sagittal, coro-
nal, or axial imaging with a constructive interfer-
ence in steady state sequence, may be used to de-
pict the cerebrospinal fluid (CSF) or lesions with
fluidlike contents such as arachnoid or epider-
moid cysts (10). MR angiography is a useful tool
that can provide most if not all of the necessary
vascular information. It may be used to evaluate
the adjacent vasculature with larger hypothalamic
lesions and to rule out possible aneurysms. In ad-
dition to these MR imaging sequences, MR spec-
troscopy may be performed for further evaluation
of a hypothalamic lesion (11).

Table 1
Locations of Hypothalamic Nuclei with Respect to the Medial-Lateral and Rostral-Caudal Axes

Region* Medial Area Lateral Area

Anterior Medial preoptic nucleus, supraoptic nucleus,
paraventricular nucleus, anterior nucleus,
suprachiasmatic nucleus

Lateral preoptic nucleus, lateral nucleus,
part of supraoptic nucleus

Tuberal Dorsomedial nucleus, ventromedial nucleus,
arcuate nucleus

Lateral nucleus, lateral tuberal nuclei

Posterior Mamillary nuclei, posterior nucleus Lateral nucleus

*The rostral-caudal axis divides the hypothalamus into anterior, tuberal, and posterior regions.
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MR Imaging
Anatomy of the Hypothalamus

Sagittal MR imaging clearly demonstrates the
hypothalamic structures from the lamina termina-
lis and the optic chiasm anteriorly to the mamil-
lary bodies posteriorly. The inferior surface of the
hypothalamus between these structures shows the
tuber cinereum, the median eminence, and the
infundibular stalk (5,6). The infundibulum tapers
smoothly as it continues inferiorly from the hypo-
thalamic origin to the pituitary insertion. The
normal infundibulum is 3 mm wide at its origin
and 2 mm wide near its insertion. The posterior
pituitary gland appears as a crescentic hyperin-
tense area on T1-weighted MR images due to
lipid in glial cell pituicytes and to phospholipids
of vasopressin (Fig 1b). Coronal images help
identify the infundibular stalk, optic chiasm, and
cavernous sinuses (Fig 2). On contrast-enhanced
MR images, the infundibular stalk and pituitary
gland show homogeneous contrast enhancement,
since they lack a blood-brain barrier (Fig 1c). Al-
though individual hypothalamic nuclear groups
cannot be identified with MR imaging, some of
the major fiber tracts that traverse the hypothala-
mus can be seen as low-signal-intensity struc-
tures, particularly on T2-weighted images (5,6).
These tracts include the fornix, the MT, and, in
the most rostral portions of the hypothalamus, the
anterior commissure (Fig 2).

Classification of
Hypothalamic Lesions

The hypothalamus can be affected by a wide
range of lesions. Hypothalamic lesions can extend
to involve the surrounding structures, and simi-
larly, the hypothalamus can be involved by lesions

affecting the sellar-suprasellar cistern, third ven-
tricle, or thalamus (Table 2) (12–14).

Clinical Manifestations
of Hypothalamic Lesions

Patients with hypothalamic lesions may present
with hormonal or neurologic disorders due to
the direct involvement of the hypothalamus,
mass effects of the lesion on the surrounding
structures, or both. Lesions arising in the hypo-
thalamus can manifest with any of the following
hormonal disorders: diencephalic syndrome, pre-
cocious puberty, or hormonal deficiency. Dience-
phalic syndrome is a rare condition caused by the
involvement of the anterior hypothalamus. A
child with diencephalic syndrome may present
with a history of failure to thrive, vomiting, and
emaciation. However, diabetes insipidus (DI) is
not usually a feature of this condition, and labora-
tory tests are usually normal. Lesions involving
the tuber cinereum cause oversecretion of gona-
dotropic hormones, resulting in precocious pu-
berty. For the latter to occur, there must be a
functioning tuber cinereum with intact hypotha-
lamic-pituitary pathways; destructive lesions of
the hypothalamus or pituitary gland usually do
not cause precocious puberty. Hormonal defi-
ciency results in stunted growth and DI.

Epilepsy may be the initial presenting feature
in a patient with a hypothalamic lesion. Gelastic
seizures (laughing fits) are a specific type of epi-
lepsy that occurs in hypothalamic disease, espe-
cially hamartoma of the tuber cinereum (15).
Clinical manifestations caused by pressure on the
surrounding structures include hydrocephalus,

Table 2
Classification of Hypothalamic Lesions

Pathologic Process Lesions

Developmental abnormalities Craniopharyngioma, germinoma, hamartoma, lipoma, dermoid and
epidermoid cysts, arachnoid cyst, RCC, colloid cyst

Primary tumors of the CNS Hypothalamic-chiasmatic glioma, ganglioglioma, choristoma, perisellar
meningioma

Vascular tumors Hemangioblastoma, cavernoma
Systemic tumors affecting the

CNS
Metastasis, lymphoma, leukemia

Inflammatory and granulo-
matous diseases

LCH, lymphocytic infundibuloneurohypophysitis, sarcoidosis, Wegener
granulomatosis, tuberculosis, syphilis, encephalitis

Lesions arising from sur-
rounding structures

Suprasellar pituitary tumor, ectopic posterior pituitary (EPP), aneu-
rysms
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visual disturbances, and pituitary hormonal defi-
ciency (16).

MR Imaging Features
of Hypothalamic Lesions

The characteristic anatomic locations and key
MR imaging features of hypothalamic lesions are
shown in Table 3.

Developmental Abnormalities

Craniopharyngioma.—Craniopharyngiomas
derive from remnants of the craniopharyngeal
duct. They may arise anywhere along the infun-
dibular stalk from the floor of the third ventricle
to the pituitary gland (17). The prevalence of cra-
niopharyngiomas peaks between 10 and 14 years
of age, with a second peak occurring in the fourth

Table 3
Characteristic Anatomic Locations and Key MR Imaging Features of Hypothalamic Lesions

Lesion Location Key MR Imaging Features

Craniopharyngioma Along suprasellar portion of
stalk

Solid and cystic components (solid: heteroge-
neous enhancement; cystic: variable signal
intensity [T1 hyperintensity]), calcification

Germinoma Upper part of infundibulum Solid; iso- to hypointense with T1-weighted
sequences, iso- to hyperintense with T2-
weighted sequences relative to gray matter;
contrast enhancement; may be associated
with pineal infiltration

Hamartoma Tuber cinereum Solid, sometimes with cysts; isointense with T1-
weighted sequences, iso- to hyperintense with
T2-weighted sequences relative to gray mat-
ter; no contrast enhancement or calcification

Osteolipoma Tuber cinereum Heterogeneous signal intensity similar to that of
fat

Epidermoid cyst Parasellar Lobulated borders, isointense with T1- and T2-
weighted sequences relative to CSF, hyperin-
tense with FLAIR and diffusion-weighted
sequences, no contrast enhancement

Dermoid cyst Suprasellar, hypothalamic
(midline)

Solid, inhomogeneous signal intensity similar to
that of fat

Arachnoid cyst Suprasellar Isointense relative to CSF, no contrast enhance-
ment

RCC Supra- or intrasellar Smooth walls with variable signal intensity, no
solid component or calcification

Glioma Hypothalamic-chiasmic Solid; hypointense with T1-weighted se-
quences, hyperintense with T2-weighted se-
quences; moderately heterogeneous contrast
enhancement

Choristoma Infundibulum Isointense with T1- and T2-weighted se-
quences, variable contrast enhancement

Meningioma Suprasellar (rarely in stalk) Isointense with T1- and T2-weighted se-
quences, intense homogeneous contrast en-
hancement, dural tail

Hemangioblastoma Hypothalamus Cyst with enhancing mural nodule
Metastatic disease Stalk, hypothalamus Intense contrast enhancement, bone destruction

without marked sellar enlargement
LCH Stalk Intense contrast enhancement, associated intra-

and extracranial lesions
Sarcoidosis Stalk, suprasellar cistern Leptomeningeal contrast enhancement, associ-

ated intra- and extracranial lesions
Suprasellar pituitary

adenoma
Intrasellar center causing

upward displacement of
optic chiasm

Isointense relative to brain, strong enhance-
ment, may contain cystic component or hem-
orrhage; sellar enlargement

Suprasellar aneurysm Suprasellar Blood products, residual patent lumen, phase
artifact
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to sixth decades of life. Males are more commonly
affected than females (18). Symptoms typically
consist of headaches, visual field defects, and hy-
pothalamic dysfunction (usually DI). Cranio-
pharyngiomas are divided histologically into two
types: adamantinomatous (pediatric) and papil-

lary (adult) types. Some tumors have mixed histo-
logic features. Pediatric craniopharyngiomas typi-
cally appear at MR imaging as predominantly
multicystic suprasellar masses. The cystic areas
may be iso-, hyper-, or hypointense relative to
brain tissue with T1-weighted sequences. The
short T1 relaxation times are the result of very
high protein content. With T2-weighted se-
quences, both the cystic and solid components
tend to have high signal intensity. After the ad-
ministration of contrast material, the solid por-
tions enhance heterogeneously. The thin walls of
the cystic areas nearly always enhance (Fig 3).
The characteristic calcifications in pediatric cra-
niopharyngiomas may not be discernible, al-
though gradient-echo images may show suscepti-
bility effects from calcified components. Occa-
sionally, craniopharyngiomas are predominantly
solid, typically without calcification; these solid
tumors usually have papillary histologic features
with a heterogeneous appearance and enhance-
ment characteristics.

It has been postulated that lobulated cranio-
pharyngiomas with large, hyperintense cysts on
T1-weighted MR images are adamantinomatous,
whereas the smaller, round, primarily solid cra-
niopharyngiomas with hypointense cysts on T1-
weighted images have papillary histologic features
(Fig 4) (17).

Figure 3. Adamantinomatous craniopharyngioma in a 12-year-old boy with headache and
blurred vision. Sagittal unenhanced (a) and coronal contrast-enhanced (b) T1-weighted MR im-
ages show a lobulated suprasellar tumor with intrasellar extension. The tumor is formed predomi-
nantly of multiple cysts with varying signal intensities that show thin mural contrast enhancement
(arrows in b). Note the associated asymmetric lateral ventricular dilatation. The diagnosis (ada-
mantinomatous craniopharyngioma) was confirmed at surgery. (Case courtesy of Yasser Ragab,
MD, Cairo, Egypt.)

Figure 4. Papillary craniopharyngioma in a
39-year-old man with headache. Sagittal con-
trast-enhanced T1-weighted MR image shows a
predominantly solid, heterogeneously enhancing
suprasellar tumor with small, hypointense non-
enhancing cystic components (arrows). The di-
agnosis (papillary craniopharyngioma) was con-
firmed at surgery.
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Germinoma.—Germinomas are tumors arising
from germ cells and most frequently occur during
childhood and young adulthood. Although these
lesions are most commonly located in the pineal
region, they can also occur primarily in the hypo-
thalamic region. Synchronous lesions in the hypo-
thalamic and pineal regions account for 10% of
all intracranial germ cell tumors. Hypothalamic
germinomas affect males and females with equal
frequency and commonly cause symptoms indica-
tive of hypothalamic involvement, such as DI,
emaciation, or precocious puberty (18). At MR
imaging, germinomas have typical imaging fea-
tures, appearing as homogeneous, well-margin-
ated round solid masses with gray matter signal
intensity that involve the infundibular stalk and
the floor of the third ventricle (18). They are iso-
to hypointense with T1-weighted sequences and
iso- to slightly hyperintense with T2-weighted
sequences. The short T2 relaxation time presum-
ably reflects the diminished free water content of
these tumors. Contrast enhancement is promi-
nent and homogeneous (Fig 5) (18). Suprasellar
germinomas are characterized by homogeneity
and the lack of cystic and calcific components.
Typically, the high signal intensity of the posterior
pituitary lobe will not be seen on sagittal T1-
weighted images due to blockage of the infun-
dibulum by the mass. It is important to recognize
that at the time a child presents with DI, the hy-
pothalamic germinoma may be small or even not
yet visible at radiology. In such patients, brain
MR imaging should be performed every 3–6
months during the first 3 years after the onset of
DI (19).

Hamartoma.—Hypothalamic hamartomas are
developmental malformations consisting of tu-
morlike masses located in the tuber cinereum of
the hypothalamus. Most patients present in the
first or second decade of life, with boys being
more commonly affected than girls. These lesions
have been divided into two main clinicoanatomic
subsets: parahypothalamic hamartomas and intra-
hypothalamic hamartomas. Parahypothalamic
hamartomas are pedunculated masses that are
attached to the floor of the hypothalamus by a
narrow base. These lesions seem more likely to be
associated with precocious puberty than with
gelastic seizures. Intrahypothalamic hamartomas
are sessile masses with a broad attachment to the
hypothalamus. They appear to lie within the sub-
stance of the hypothalamus itself and may distort
the contour of the third ventricle. In addition,
they seem to be associated more often with gelas-

tic seizures than with precocious puberty (20). At
pathologic analysis, hypothalamic hamartomas
contain nerve cells that resemble those of the nor-
mal hypothalamus, along with normal glial cells
(21). At MR imaging (Fig 6), they are seen as
well-defined pedunculated or sessile lesions at the
tuber cinereum and are isointense (22) or mildly
hypointense (11) on T1-weighted images and
iso- to hyperintense on T2-weighted images, with
no contrast enhancement or calcification. The
absence of any long-term change in the size,
shape, or signal intensity of the lesion strongly
supports the diagnosis of hypothalamic hamar-
toma (11,22).

Lipoma.—Intracranial lipomas are uncommon
maldevelopmental lesions that tend to involve
midline structures such as the infundibulum. In-
tracranial osteolipomas are very rare, with only
about 30 cases having been reported in the litera-
ture. Features that help distinguish them from
other intracranial lipomas include their (a) ar-
rangement of central adipose and peripheral osse-
ous tissues, (b) consistent size, and (c) consistent
location between the mamillary bodies and the
infundibular stalk. In contrast, osteolipomas at
other intracranial sites are relatively rare (23). In
the few reported cases of symptomatic osteolipo-
mas of the tuber cinereum, patients presented
with a variety of neurologic symptoms and endo-
crinologic disturbances such as precocious pu-
berty (24). However, in most of the reported

Figure 5. Metachronous hypothalamic and
pineal gland germinomas in a 3-year-old girl
with central DI. Sagittal contrast-enhanced T1-
weighted MR image shows a well-defined, lobu-
lated, homogeneously enhancing mass (germi-
noma) involving the proximal part of the infun-
dibular stalk (straight arrow) and the base of the
hypothalamus (arrowheads). An associated pi-
neal gland germinoma (curved arrow) is also
seen. The diagnosis was confirmed at surgery.
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cases, the lesions have been discovered inciden-
tally at autopsy (25). MR imaging of hypotha-
lamic osteolipomas reveals one or more masses
located directly behind the infundibular stalk with
the signal intensity characteristics of adipose tis-
sue (ie, hyperintense on both T1-weighted and
fast spin-echo T2-weighted images, suppressed
signal intensity with fat suppression techniques)
(Fig 7). Osteolipoma should be included in the
radiologic differential diagnosis for hypothalamic
masses that demonstrate fat signal intensity and
calcification (24).

Dermoid and Epidermoid Cysts.—Dermoid
and epidermoid cysts are rare benign maldevel-
opmental lesions that arise from epithelial inclu-
sions occurring during neural tube closure. Der-
moid and epidermoid cysts consist of a capsule
composed of epidermal elements, with dermoid
cysts containing dermal derivatives (fat, seba-
ceous glands, hair). Although dermoid and epi-
dermoid cysts are congenital, they usually become

Figure 6. Parahypothalamic hamartoma of the tuber cinereum in a 7-year-old boy with precocious puberty. Sagit-
tal (a) and coronal (b) T1-weighted MR images show a well-defined, isointense pedunculated mass (arrow in a) in
the characteristic location between the infundibular stalk anteriorly and the mamillary bodies posteriorly. The mass is
attached to the floor of the hypothalamus by a narrow base (arrow in b) but does not lie within the substance of the
hypothalamus. The diagnosis was confirmed at surgery.

Figure 7. Parahypothalamic osteolipoma of the tuber cinereum in a 43-year-old woman with headache and
blurred vision. (a) Sagittal T1-weighted MR image shows a well-defined high-signal-intensity lesion at the tu-
ber cinereum (arrow). (b) On an axial fat-suppressed T2-weighted MR image, the lesion exhibits suppressed
signal intensity. Arrow indicates a markedly hypointense linear structure that is consistent with bone tissue, a
finding that was confirmed at surgery.
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symptomatic only in early adulthood as a result of
the inner accumulation of desquamated cell de-
bris deriving from the capsule. Suprasellar lesions
can cause visual abnormalities and endocrinologic
disturbances (eg, DI) (26).

Intracranial dermoid cysts are more common
than suprasellar dermoid cysts and arise in the
midline, most commonly below the tentorium
(27). The MR imaging characteristics of dermoid
cysts depend on the contents of the lesion. The
signal intensity of dermoid cysts is usually like
that of fat and may be similar to that of lipomas
on both T1- and T2-weighted images. However,
with fat-suppressed sequences, lipomas exhibit
more signal intensity suppression than do der-
moid cysts (Fig 8) (28). Dermoid cysts with low
fat content may demonstrate CSF-like signal in-
tensity. Dermoid cysts appear hyperintense rela-
tive to CSF on FLAIR images and thus can be
differentiated from CSF-containing arachnoid
cysts (29).

The location of epidermoid cysts is more vari-
able than that of dermoid cysts and shows greater
deviation from the midline. The frequency of oc-
currence in the parasellar region is surpassed only
by that in the cerebellopontine angle cistern (26).

On both T1- and T2-weighted MR images, epi-
dermoid cysts are slightly more hyperintense with
heterogeneous signal intensity compared with
CSF-containing arachnoid cysts. Calcification
and contrast enhancement are rare and usually
occur at the periphery in epidermoid cysts. With
FLAIR and diffusion-weighted pulse sequences,
epidermoid cysts show higher signal intensity
than does CSF; these sequences, as well as con-
structive interference in steady state sequences,
are essential for defining lesion extent and help
differentiate the lesion from an arachnoid cyst or
enlarged CSF space (10).

Rathke Cleft Cyst.—RCCs are benign sellar
cysts derived from Rathke pouch remnants. They
are lined with epithelium and contain mucoid
material. In 71% of cases, the cysts are partially
intrasellar and partially suprasellar in location
(30). Purely suprasellar RCCs with a normal pi-
tuitary gland have also been reported (31). Al-
though RCCs are usually asymptomatic, they
may produce symptoms by compressing the pitu-
itary gland or hypothalamus, most frequently in
patients 50–60 years of age. MR imaging shows a
round, sharply defined intra- or suprasellar mass
that typically lies anterior to the infundibular
stalk. Axial images show the cyst to be located at
the junction between the anterior and posterior

Figure 8. Hypothalamic dermoid cyst in a 30-year-old man with headache. (a) Sagittal
T1-weighted MR image shows a well-defined hyperintense lesion (arrow) at the floor of
the hypothalamus posterior to the infundibular stalk. (b) On a coronal fat-suppressed T1-
weighted MR image, the lesion (arrowheads) exhibits suppressed signal intensity, a finding
that indicates adipose contents. The diagnosis (hypothalamic dermoid cyst) was confirmed
at surgery.
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pituitary gland. The cystic contents may have
variable signal intensity: either low signal intensity
on T1-weighted images and high signal intensity
on T2-weighted images resembling CSF, or high

signal intensity on T1-weighted images and vari-
able signal intensity on T2-weighted images ow-
ing to a high mucopolysaccharide content. Nei-
ther contrast enhancement nor calcifications are
usually seen (Fig 9) (30,31).

Colloid Cyst.—Colloid cysts are slow-growing
lesions, probably of neuroepithelial or endoder-
mal origin. They are usually located in the antero-
superior third ventricle close to the foramen of
Monro. Other locations such as the suprasellar
cistern have also been reported, albeit rarely. Col-
loid cysts are typically found in adults, usually in
the fifth to sixth decades of life. The most com-
mon clinical manifestations of intra- or suprasel-
lar colloid cysts are hypogonadism, galactorrhea,
and headache (32). Colloid cysts are lined by a
single layer of epithelial cells and are filled with
a thick viscous mucus consisting of a variety of
ingredients including blood products, macro-
phages, cholesterol crystals, and numerous metal-
lic ions. The MR imaging signal intensity of col-
loid cysts is notoriously variable, with myriad
combinations of T1 and T2 signal intensities hav-
ing been described (Fig 10). The most common
appearance is hyperintensity on T1-weighted im-
ages and iso- to hypointensity on T2-weighted
images. Colloid cysts do not show contrast en-
hancement or calcification (33).

Figure 9. RCC in a 50-year-old woman with diplopia. Coronal T1-weighted (a) and T2-
weighted (b) MR images show a well-defined intra- and suprasellar lesion that displaces the
optic chiasm upward (arrowheads in a). The cystic contents have high signal intensity on the
T1-weighted image and low signal intensity on the T2-weighted image, typical findings that
indicate a high concentration of mucopolysaccharides (confirmed at surgery). The epicenter
of the lesion is sellar. (Case courtesy of Yasser Ragab, MD, Cairo, Egypt.)

Figure 10. Suprasellar colloid cyst in a 44-year-old
man with decreased visual acuity. Sagittal T1-weighted
MR image shows a well-defined, homogeneously hy-
perintense suprasellar cyst (curved arrow) that dis-
places the optic chiasm upward (straight arrow), with
intrasellar extension that compresses the pituitary gland
(arrowhead). The cyst also showed homogeneous high
signal intensity with T2-weighted sequences. The diag-
nosis (suprasellar colloid cyst) was confirmed at sur-
gery.
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Primary Tumors of the CNS

Hypothalamic-Chiasmatic Glioma.—Hypo-
thalamic and optic gliomas are discussed together
in this article, since the distinction between the
two tumor types is arbitrary because the point of
origin cannot usually be defined. Gliomas of the
optic chiasm and hypothalamus account for
10%–15% of supratentorial tumors in children.
Males and females are approximately equally af-
fected. At presentation, patients are usually 2–4
years of age with diminished visual acuity. Endo-
crine dysfunction, most commonly reduced
growth hormone resulting in short stature, is
present in about 20% of patients. Between 20%
and 50% of patients with hypothalamic gliomas
have a positive family history of von Reckling-
hausen disease (neurofibromatosis [NF]-1) (18).
Gliomas of the optic chiasm and hypothalamus in
children with NF-1 usually have a more indolent
course. Tumors may grow more slowly and occa-
sionally regress spontaneously (34). MR imaging
is optimal for showing the relationship of the mass
to the hypothalamus, optic chiasm, and infun-
dibulum as well as the intraorbital and intracanal-
icular components of the mass. Gliomas of the
optic chiasm and hypothalamus are almost always
hypointense with T1-weighted sequences and

hyperintense with T2-weighted and FLAIR se-
quences (Fig 11). Large tumors are typically het-
erogeneous with cystic and solid components,
with the latter enhancing markedly after contrast
material administration (18).

Ganglioglioma.—Gangliogliomas are relatively
benign slow-growing tumors composed of mixed
nerve and glial cells. They are rare, accounting
for only 0.4%–1.3% of all brain tumors, and are
most often found in the temporal lobe. Ganglio-
gliomas involving the hypothalamus and optic
chiasm are extremely rare. In a review of 11 re-
ported cases of gangliogliomas involving the optic
chiasm, the mean patient age was 20 years and
the tumor showed a slight male predilection. All
of the patients had visual impairment. Secondary
hyperprolactinemia from pituitary stalk com-
pression was observed in one case. The MR
imaging findings in gangliogliomas are nonspe-
cific. The lesions may be iso- to hypointense on
T1-weighted images and hyperintense on T2-
weighted images. Cystic components occur in
about 60% of gangliogliomas; in the remaining
cases, the lesion consists entirely of solid compo-
nents. The cystic components may show a higher
signal intensity than does CSF on T2-weighted
images, a finding that represents gelatinous mate-
rial. Contrast enhancement may have either a
nodular rim or solid enhancement pattern (Fig
12) (35).

Figure 11. Hypothalamic-chiasmatic glioma in a 4-year-old boy with NF-1. Sagittal T1-
weighted (a) and axial T2-weighted (b) MR images show an irregular hypothalamic mass
(arrow in a) that involves the optic chiasm and extends to the right optic nerve (arrowheads
in b). The mass has heterogeneous low signal intensity on the T1-weighted image and high
signal intensity on the T2-weighted image, findings that are typical for this lesion. The diag-
nosis (hypothalamic-chiasmatic glioma) was confirmed at surgery.
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Choristoma.—Choristomas are distinctive low-
grade gliomas arising along the distribution of the
neurohypophysis, including both the infundibular
stalk and the posterior lobe of the pituitary gland.
They are thought to be derived from pituicytes, a
modified astrocyte and the principal posterior
pituitary cell.

Because of their enigmatic origin, choristomas
are also known by various other names, including
infundibuloma and granular cell tumor (36–38).

Choristomas are rare tumors; to our knowl-
edge, only about 70 cases have been reported in
the literature (36–41). The tumors commonly
manifest during the fourth or fifth decade of life
and have a female predilection of 2:1. Common

clinical findings include visual field defects and
endocrinologic disturbances such as panhypopi-
tuitarism or, rarely, DI. Choristomas are benign
and slow growing with no pronounced tendency
for invasion or recurrence (36,37). At MR imag-
ing, choristomas appear as well-defined masses in
the suprasellar cistern, in the sella, or in both.
The MR imaging signal intensity characteristics
vary depending on the presence of cystic compo-
nents. The solid parts of the tumor are isointense
relative to the brain on T1- and T2-weighted im-
ages, with inhomogeneous enhancement on con-
trast-enhanced images (Fig 13) (37).

Figure 12. Hypothalamic ganglioglioma in a 20-year-old man with headache and blurred vision. Coronal contrast-
enhanced T1-weighted (a) and T2-weighted (b) MR images and sagittal contrast-enhanced T1-weighted image (c)
show an irregular hypothalamic mass with mixed cystic and enhancing solid components (arrow in c). The cystic
components are hyperintense relative to CSF (arrow in a and b).

Figure 13. Choristoma in a 55-year-old man with gradual diminution of vision. Coronal
unenhanced (a) and sagittal contrast-enhanced (b) T1-weighted MR images show a well-
defined suprasellar mass (arrow). The mass is iso- to slightly hypointense relative to the
brain on the unenhanced image and shows inhomogeneous enhancement on the contrast-
enhanced image.
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Vascular Tumors

Hemangioblastoma.—Hemangioblastomas are
benign vascular tumors representing 2% of pri-
mary tumors of the CNS. They are most fre-
quently seen in patients between 35 and 45 years
of age (42). Although hemangioblastomas are
usually isolated tumors, they can also be associ-
ated with von Hippel–Lindau disease, a heredi-
tary condition that predisposes patients to he-
mangioblastomas in the CNS and a variety of vis-
ceral tumors (43). Hemangioblastomas in von
Hippel–Lindau disease occur in younger patients
and have a worse prognosis than do sporadic he-
mangioblastomas (44). Hemangioblastomas most
frequently affect the cerebellum, followed by the
spinal cord and the brainstem (43). Tumor loca-
tion at the hypothalamic-pituitary axis is very un-
usual, with very few cases having been reported to
date. Hemangioblastomas in this location should
raise a high degree of suspicion for von Hippel–
Lindau disease (44). The best imaging technique
available for hemangioblastomas is contrast-
enhanced MR imaging (43). Cerebral hemangio-

blastomas are commonly seen at MR imaging as
cystic areas with solid enhancing mural nodules
(Fig 14).

Cavernoma.—Cavernous angiomas (caverno-
mas) are benign vascular malformations that are
considered to arise secondary to failure of normal
embryonic vascular development. They are most
commonly hemispheric and superficial, and in
close contact with the subarachnoid space or ven-
tricular system (45). Cavernomas are rarely re-
ported in the hypothalamus, although tumors in
this location may be more common in children
than in adults (46). MR imaging is the imaging
study of choice for parenchymal cavernomas. The
characteristic (and diagnostic) imaging findings
include a heterogeneous core composed of vari-
ous stages of hemorrhage, a peripheral rim of low
signal intensity representing hemosiderin, and no
adjacent edema (Fig 15) (45).

Systemic Tumors Affecting the CNS
Because the tuber cinereum, infundibular stalk,
and neurohypophysis lack a blood-brain barrier,
they are more vulnerable to hematogenous me-

Figure 14. Hypothalamic hemangioblastoma in a 54-year-old woman with headache. (a) Sagittal T1-weighted MR
image shows a heterogeneous, hypointense hypothalamic lesion (arrowhead). (b) On a coronal contrast-enhanced
T1-weighted MR image, the lesion demonstrates complex cystic components with marginal contrast enhancement
(short arrow) and an intensely enhancing mural nodule (long arrow).
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tastasis than is brain parenchyma (47). The fre-
quency of hypothalamic-pituitary axis metastases
ranges from 1% to 25% at autopsy in patients
with systemic cancer. The most frequent primary
site of the tumor in women is the breast, followed
by the lung, stomach, and uterus; in men, it is

the lung, followed by the prostate gland, urinary
bladder, stomach, and pancreas (48). At MR im-
aging, infundibular metastases cause marked
thickening of the stalk. These metastases are
usually isointense on T1-weighted images and
enhance after contrast material injection (47).
Unlike pituitary adenomas, metastases to the hy-
pothalamic-pituitary axis show strong bone de-
struction without marked sellar enlargement (Fig
16).

Figure 15. Hypothalamic cavernoma in a 9-year-
old boy with acute diminution of vision (chiasmatic
apoplexy). (a) Sagittal T1-weighted MR image
shows a hypothalamic lesion with central hyperinten-
sity (arrow), a finding that indicates hemorrhage.
(b) Axial T2-weighted MR image shows a signal
void (arrowhead) that represents a vascular struc-
ture. (c) On a coronal contrast-enhanced T1-
weighted MR image, the major vein within the lesion
(arrowhead) is markedly enhanced and has a typical
aberrant transparenchymal course. The MR imaging
finding of blood of different ages in a hypothalamic
lesion is highly suggestive of cavernoma.
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Inflammatory and
Granulomatous Diseases
Encephalitis is inflammation of the brain paren-
chyma and may have either infectious or nonin-
fectious causes. The most common cause of in-
fectious encephalitis is viral infection. Viral hypo-
thalamic encephalitis may manifest with fever,
DI, and the syndrome of inappropriate ADH se-

cretion (49). MR imaging shows the extent of
inflammation in the hypothalamus and helps dif-
ferentiate encephalitis from other hypothalamic
conditions manifesting with masses. Edema in the
hypothalamus is hyperintense on T2-weighted
and FLAIR images and iso- or hypointense on
T1-weighted images (Fig 17) (50).

The causes of noninfectious inflammation of
the hypothalamus include LCH, lymphocytic in-
fundibulohypophysitis, and sarcoidosis.

Figure 16. Metastatic carcinoma to the hypothalamic-pituitary axis in a 46-year-old
woman with breast cancer. (a) Sagittal T1-weighted MR image shows a large clival mass
with destruction of the sella and invasion of the suprasellar region (arrow). (b) Correspond-
ing contrast-enhanced MR image clearly shows extension of the metastatic lesion and de-
picts a small enhancing hypothalamic mass (arrow).

Figure 17. Hypothalamic encephalitis in a 35-
year-old man with DI. Coronal T2-weighted MR
image reveals a hyperintense area in the thalam-
ic-hypothalamic region (arrow) that corresponds
to edematous changes. (Courtesy of Yasser Ra-
gab, MD, Cairo, Egypt.)

Figure 18. LCH in an 8-year-old boy with DI.
Sagittal contrast-enhanced T1-weighted MR im-
age shows a thickened infundibular stalk (arrow).
Note that the normal hyperintensity of the poste-
rior pituitary gland is missing. (Courtesy of
Yasser Ragab, MD, Cairo, Egypt.)
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Langerhans Cell Histiocytosis.—LCH is a
disease that is dominated by Langerhans cells,
which are bone marrow–derived cells of the den-
dritic cell line. These cells are involved in a vari-
ety of immune responses and can infiltrate many
anatomic sites in the form of localized lesions or
manifest as widespread systemic disease. LCH
has a prevalence of 0.2–2.0 cases per 100,000
children under 15 years of age; less than 30% of
all reported cases involve adults (51). LCH le-
sions have an unexplained predilection for the
hypothalamic-pituitary axis. Hypothalamic in-
volvement results in DI in 5%–50% of LCH pa-
tients. At MR imaging, the most frequent mor-
phologic change is thickening (3 mm) of the in-
fundibular stalk (Fig 18). Involvement varies
from mild thickening of the infundibular stalk to a
frank hypothalamic mass centered in the superior
aspect of the stalk. Hypothalamic lesions enhance
markedly after the intravenous infusion of con-
trast material. Loss of the normal hyperintensity
of the posterior pituitary gland (bright spot) on
T1-weighted images, a partially or completely
empty sella, or threadlike narrowing of the infun-
dibulum (maximum width �1 mm) can also be
seen in LCH (9,52). Apart from lesions in the
hypothalamic-pituitary region, CNS involvement
has been reported in only 4% of patients with
LCH (51,52).

Lymphocytic Infundibuloneurohypophys-
itis.—Lymphocytic infundibuloneurohypophysi-
tis is an autoimmune inflammatory condition
caused by infiltration primarily of the hypothala-
mus, infundibulum, and neurohypophysis by

lymphocytes and plasma cells. It is a disease of
adults, particularly women presenting with hy-
popituitarism during the peripartum period. MR
imaging shows enlargement of the hypothalamus
and infundibulum, and sometimes of the pituitary
gland itself. The enlarged regions typically show
uniform contrast enhancement. The imaging
findings are nonspecific, and the diagnosis is best
established histologically on the basis of lympho-
cytic infiltration of the hypothalamus (53).

Sarcoidosis.—Sarcoidosis is a multisystem
granulomatous disorder of unknown cause that
most commonly affects young adults of both
sexes. The most commonly affected organs are
the lungs, skin, and lymph nodes. Clinical in-
volvement of the CNS (neurosarcoidosis) occurs
in about 10% of affected patients during the
course of the disease. Neurosarcoidosis develops
primarily in the leptomeninges and may spread
along the Virchow-Robin spaces to form intrapa-
renchymal masses. The disease has a predilection
for the base of the brain, particularly the hypo-
thalamus and pituitary gland, although any por-
tion of the CNS may be affected (54). Thus, dis-
turbance of the hypothalamic-pituitary axis (with
DI and anterior pituitary failure) is the most com-
mon feature of neurosarcoidosis (55). At MR im-
aging, granulomatous infiltration of the dura ma-
ter causes plaquelike or nodular thickening that
may be noted on the infundibular stalk and optic
chiasm (Fig 19). The lesions tend to be isointense
relative to gray matter on T1-weighted images

Figure 19. Neurosarcoidosis in a 32-year-old woman with DI. (a) Coronal unenhanced T1-weighted MR
image shows irregular thickening of the optic chiasm (arrow). (b) Corresponding contrast-enhanced MR image
shows widespread nodular leptomeningeal and infundibular stalk enhancement (arrows). Note that the lepto-
meningeal granulomas are not visible on the unenhanced image.
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and hypointense on T2-weighted images. How-
ever, leptomeningeal granulomas may go unno-
ticed at unenhanced MR imaging (Fig 19). On
gadolinium-enhanced images, intense meningeal
enhancement most commonly involves the basal
meninges and sulci. One of the most typical
manifestations is a thick, enhancing infundibulum
(56). Occasionally, granulomas coalesce to form
large masslike lesions, particularly in the region of
the floor of the third ventricle and optic chiasm
(57).

Lesions Arising from
Surrounding Structures
Large pituitary adenomas may extend into the
suprasellar cistern, invading the hypothalamus
(54,58). Ectopic suprasellar pituitary adenomas
are very rare (59). At MR imaging, large pituitary
adenomas may show variable signal intensity pat-
terns depending on the necrotic, cystic, or hemor-
rhagic components. The sedimentation of blood
products may create fluid-fluid levels within the
mass, which are more likely to be observed in pi-
tuitary adenomas than in craniopharyngiomas or
RCCs (Fig 20) (47,60).

The T1 signal hyperintensity of neurohypoph-
ysis is normally seen within the sella. EPP is the

presence of this bright signal intensity at another
site (eg, the median eminence) (Fig 21) (61).
EPP tissue could be due to defective neuronal
migration during embryogenesis (61). EPP is
commonly associated with attenuation or absence
of the infundibular stalk as well as reduced height
of the anterior pituitary gland (62).

Differential Diagnosis for Le-
sions Involving the Hypothalamus

The hypothalamus is susceptible to involvement
by a wide variety of pathologic processes. How-
ever, the most common masses in the hypotha-
lamic region are suprasellar pituitary adenoma,
meningioma, craniopharyngioma, and hypotha-
lamic-chiasmatic glioma; other lesions are less
commonly or even rarely seen (47).

Patient age, clinical findings at presentation,
and the MR imaging features of lesions involving
the hypothalamus may be helpful in developing
the differential diagnosis. With regard to patient
age, presentation before age 5 years favors the
diagnosis of glioma, as does an association with
cutaneous or radiologic stigmata of NF-1. Cra-
niopharyngioma, hamartoma, and germinoma are
seen in children, whereas RCCs, meningiomas,
and inflammatory processes are more common
in young adults. Metastatic disease should be

Figure 20. Hemorrhagic pituitary adenoma
with a fluid-fluid level in a 42-year-old woman
with headache and visual field defects. Sagittal
contrast-enhanced T1-weighted MR image
shows a large, enhancing, solid sellar and supra-
sellar tumor. Arrows indicate a fluid-debris level
created by the sedimentation of long-standing
hemorrhage within the tumor. The diagnosis
(hemorrhagic pituitary adenoma) was confirmed
at surgery.

Figure 21. EPP in an 8-year-old boy with growth
retardation. Sagittal T1-weighted MR image shows the
posterior pituitary gland in an abnormal location at the
median eminence and appearing as a small, well-de-
fined area of hyperintensity (arrow). Note that the an-
terior pituitary gland is small and the infundibular stalk
is not visible. (Courtesy of Yasser Ragab, MD, Cairo,
Egypt.)
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strongly suspected in older patients who present
with disease involving the hypothalamus or infun-
dibular stalk (63).

Knowledge of the characteristic clinical mani-
festations is important in developing a differential
diagnosis for hypothalamic lesions. Hamartoma
of the tuber cinereum manifests with specific
signs and symptoms of precocious puberty or
gelastic seizures. Unlike primary pituitary tumors,
hypothalamic lesions may cause posterior pitu-
itary failure. DI is usually present at the time of
manifestation of hypothalamic germ cell tumors
and granulomatous diseases, whereas patients
with hypothalamic gliomas rarely develop DI un-
til later in the course of the disease (18). How-
ever, in many patients with hypothalamic lesions,
the presenting signs and symptoms merely aid in
localizing the lesion, and MR imaging features
including anatomic location, signal intensity, and
contrast enhancement pattern must be consid-
ered for a more specific diagnosis.

The excellent anatomic detail at MR imaging
facilitates localization of the lesions to the hypo-
thalamus. Some hypothalamic lesions show re-
markable consistency in location, such as hamar-
toma and osteolipoma (in the tuber cinereum)
(21,25). A thickened contrast-enhanced infun-
dibulum is the most typical manifestation of germ
cell tumors, lymphocytic hypophysitis, sarcoid-
osis, and LCH (51). However, idiopathic, iso-
lated infundibular stalk thickening can be seen in
cases of central DI without evidence of infiltrative
processes (64).

Involvement of the optic chiasm and optic
nerves by hypothalamic tumors may point to the
diagnosis of hypothalamic-chiasmatic glioma
(22).

Larger hypothalamic lesions may extend into
the pituitary fossa and parasellar region. The dif-
ferential diagnosis for such lesions includes pitu-
itary adenomas with suprasellar extension. An-
swering the following questions may help in de-
veloping a differential diagnosis for a supra- or
intrasellar mass.

1. Is the epicenter of the mass suprasellar? The
epicenter of primary hypothalamic lesions is su-
prasellar, whereas that of pituitary adenomas is
usually intrasellar.

2. Does the lesion enlarge the sella? An en-
larged sella is more compatible with an intrasellar
lesion like pituitary adenoma or RCC.

3. Is the lesion extraaxial or intraaxial? Making
this determination helps differentiate intraaxial
lesions with a hypothalamic origin from extraaxial
lesions (eg, meningioma).

4. How are the different structures normally
seen in the region affected by the presence of the

lesion? Is the optic chiasm displaced upward or
downward? Unlike pituitary lesions, hypotha-
lamic masses displace the chiasm downward
rather than upward (47,60,65).

MR imaging signal intensity patterns allow the
characterization of about 30% of suprasellar le-
sions (65). Absent signal intensity with all se-
quences caused by rapidly flowing blood, or ab-
sent signal intensity on T1-weighted images with
augmentation of signal intensity on T2-weighted
images caused by slow or turbulent flow, allows
the confident diagnosis of vascular malforma-
tions. However, the extremely low signal intensity
of a densely calcified lesion can potentially be
mistaken for a vascular structure. Gradient-echo
images may show susceptibility effects from calci-
fied components (65). T1 signal hyperintensity is
a common finding at MR imaging of the hypotha-
lamic region and has different sources. Lesions
include EPP; bright signal intensity is related to
vasopressin storage in the neurohypophysis. T1
signal hyperintensity may also be related to clot-
ting of blood (hemorrhagic suprasellar pituitary
adenoma), a high concentration of protein (RCC,
craniopharyngioma), fat (lipoma, dermoid cyst),
calcification (craniopharyngioma), or a paramag-
netic substance (metastatic melanoma) (60).
Many abnormalities involving the hypothalamic
region have nonspecific signal intensity charac-
teristics, including gliomas, metastases, and
encephalitis, all of which are hypointense on
T1-weighted images and hyperintense on T2-
weighted images (47,60,65). Lesions of near
isointensity relative to the brain include germino-
mas, some hamartomas, and suprasellar meningi-
oma (19). This isointensity helps differentiate
these lesions from other tumors that are typically
hyperintense on T2-weighted images (20–22).

Contrast-enhanced MR imaging findings in-
clude a wide variety of enhancement patterns.
Classically, hypothalamic hamartomas show no
contrast enhancement. This finding is fairly char-
acteristic and is helpful in differentiating hamar-
tomas from other lesions (20).

Enhancement of other hypothalamic lesions
ranges from homogeneous (germinoma) to
patchy and irregular (craniopharyngioma, glioma)
(19,20,22). Associated findings of leptomeningeal
enhancement with multiple foci of parenchymal
enhancement may point to sarcoidosis (56).

Focal homogeneous enhancement of the in-
fundibular stalk is seen in LCH granulomas (51).
Meningiomas may demonstrate an overlying thick
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A thickened contrast-enhanced infundibulum is the most typical manifestation of germ cell tumors, lymphocytic hypophysitis, sarcoidosis, and LCH. However, idiopathic, isolated infundibular stalk thickening can be seen in cases of central DI without evidence of infiltrative processes.
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Lesions of near isointensity relative to the brain include germinomas, some hamartomas, and suprasellar meningioma.




dural enhancement (“dural tail sign”) (45). The
typical dynamic contrast enhancement pattern of
hypothalamic germinomas, LCH, and hemangio-
blastomas is gradually increasing enhancement
without washout, whereas adenohypophysitis
demonstrates a sharp rise in enhancement and a
steeper washout. Thus, dynamic MR imaging can
help distinguish germinomas from adenohy-
pophysitis but is not useful for differentiating
them from LCH or hemangioblastomas (66).

Contrast-enhanced MR imaging plays an es-
sential role in differentiating nonneoplastic cysts
(eg, arachnoid, epidermoid, and colloid cysts)
from cystic neoplasms (eg, RCC, craniopharyn-
gioma, cystic pituitary adenoma) within the hypo-
thalamic region. Unlike nonneoplastic cysts, cys-
tic tumors usually show cyst wall enhancement
(67).

Diffusion-weighted pulse sequences are most
useful in differentiating epidermoid cysts from
arachnoid cysts or enlarged CSF spaces, since
epidermoid cysts show higher signal intensity
than does CSF (10,17).

Proton MR spectroscopy of hypothalamic glio-
mas shows increased choline and diminished N-
acetyl aspartate. These findings may be useful in
differentiating gliomas from craniopharyngiomas,
which show a dominant lipid peak (�1 ppm), and
from pituitary adenomas, which show only a cho-
line peak or no metabolites at all (68). The pres-
ence of lactate and lipid peaks is consistent with
aggressive tumors, reflecting anaerobic metabo-
lism and cellular necrosis, respectively. A promi-
nent lipid peak in the MR imaging spectrum of a
case of hypothalamic germinoma with seeding
suggested its aggressive behavior (69). MR spec-
troscopy of hypothalamic hamartomas shows a
typical pattern of diminished N-acetyl aspartate
and increased myoinositol compared with normal
gray matter. This signature MR spectroscopic
finding associated with hypothalamic hamarto-
mas allows differentiation of these neoplasms
from other entities, such as hypothalamic gliomas
and metastatic deposits (11).
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Lesions of the Hypothalamus: MR Imaging Diagnostic Features 

 
Page 1091 
Sagittal MR imaging clearly demonstrates the hypothalamic structures from the lamina terminalis and 
the optic chiasm anteriorly to the mamillary bodies posteriorly. The inferior surface of the 
hypothalamus between these structures shows the tuber cinereum, the median eminence, and the 
infundibular stalk (5,6). 
 
Page 1105 
Some hypothalamic lesions show remarkable consistency in location, such as hamartoma and 
osteolipoma (in the tuber cinereum) (21,25). 
 
Page 1105 
A thickened contrast-enhanced infundibulum is the most typical manifestation of germ cell tumors, 
lymphocytic hypophysitis, sarcoidosis, and LCH (51). However, idiopathic, isolated infundibular 
stalk thickening can be seen in cases of central DI without evidence of infiltrative processes (64). 
 
Page 1105 
Lesions of near isointensity relative to the brain include germinomas, some hamartomas, and 
suprasellar meningioma (19). 
 
Page 1106 
This signature MR spectroscopic finding associated with hypothalamic hamartomas allows 
differentiation of these neoplasms from other entities, such as hypothalamic gliomas and metastatic 
deposits (11). 
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