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Neuroradiologic-Pathologic Correlation in a
Neurenteric Cyst of the Clivus

Vibhu Kapoor, Douglas R. Johnson, Melanie B. Fukui, William E. Rothfus, Hae D. Jho

Summary: A 28-year-old woman presented with left-sided
frontotemporal headache lasting 6 wk. Head CT and MR
imaging revealed a clival mass, which was interpreted as a
chondrosarcoma. The lesion was removed at endoscopic
endonasal surgery; histologic and immunohistochemical
findings proved it to be neurenteric cyst. On CT scans, the
lesion was lytic, with an intact cortex; it was uniformly
hyperintense relative to gray matter on T1-weighted MR
images and iso- to hypointense relative to CSF on T2-
weighted MR images.

Neurenteric cysts are developmental lesions result-
ing from dysgenesis of the notochord and/or neuren-
teric canal during early embryonic development (1,
2). These cysts are similar to Rathke cleft cysts and
colloid cysts at histologic and immunochemical anal-
ysis (3, 4). The location of these lesions on images is
an important distinguishing feature. A Rathke cleft
cyst is usually sellar or suprasellar, whereas a colloid
cyst is related to the anterior wall of the third ventri-
cle adjacent to foramen of Monro. Neurenteric cysts
have been reported in the cervical, thoracic, and lum-
bar portions of the spinal canal (1, 5–7); the posterior
cranial fossa (1, 8–10); the suprasellar cistern (3); and
the anterior cranial fossa (11). We report a case of an
intraosseous neurenteric cyst in the clivus.

Case Report
A 28-year-old woman presented with left-sided frontotem-

poral headache lasting 6 wk. Neurologic findings were normal,
and screening CT of the head and sinuses was performed. CT
scans of the head revealed a 3 � 2-cm hypoattenuating non-
calcified mass in the clivus (Fig, A). The lesion extended su-
periorly to the dorsum sella, with cortical thinning. On subse-
quent MR images, the clival mass was well defined, and
hyperintensity relative to the gray matter on T1-weighted (TR/
TE, 500/14) images (Fig, B) was not suppressed with fat satu-
ration. The lesion was iso- to hypointense relative to CSF on
T2-weighted (6000/98) images (Fig, C) and hyperintense rela-
tive to gray matter on fluid-attenuated inversion recovery, or
FLAIR, (TR/TE/TI, 10,002/157/2200) images. (Because of the

high signal intensity of the lesion on T1-weighted images,
contrast enhancement did not add to the diagnosis.) The high
signal intensity of the lesion on the T2-weighted images sug-
gested the possibility of a chondroid lesion.

Thereafter, the patient underwent endoscopic endonasal
resection of the tumor via the right nostril. At surgery, the
tumor was cystic and covered by a thin shell of clival bone at its
anterior aspect. It had muddy, gelatinous contents, and total
tumor resection was achieved without disruption of the wall of
the cyst. The surrounding bone had been remodeled by the
mass.

At gross pathologic examination, the mass was a red-tan,
collapsed, thin-walled cyst measuring 1.8 � 0.9 � 0.5 cm.
Histologic analysis revealed a fibrotic cyst lined by a
pseudostratified columnar epithelium with prominent cilia
(Fig, D). Focal goblet cells (Fig, D) were intermittently present
within the epithelial lining. The mucin content of the goblet
cells was positive at periodic acid-Schiff staining with diastase
(PASD) (Fig, D), and it was also highlighted with a mucicar-
mine stain. An immunohistochemical stain for epithelial mem-
brane antigen (EMA) demonstrated strong positive results
within the lining epithelium (Fig, E), while an immunohisto-
chemical stain for monoclonal carcinoembryonic antigen
(CEA) showed focal positive cytoplasmic findings (Fig, F). A
Ki-67 immunohistochemical proliferative index marker showed
a low proliferative rate, and both S-100 protein and glial fibril-
lary acidic protein immunostains were negative. Biochemical
analysis was not performed with the contents of the cyst. These
findings were interpreted as being most consistent with those of
a neurenteric cyst.

The patient underwent follow-up MR imaging 1 y after the
surgery (Fig, G). The anterior wall of the clivus showed evi-
dence of prior surgery, but no residual or recurrence of the cyst
was present. Clinically, the patient still had headaches, al-
though they were less frequent.

Discussion

Neurenteric cysts result from notochordal dysgen-
esis during early embryonal development. They are
believed to arise from the developing endodermal
and notochordal tissues, and they may represent per-
sistence of the neurenteric canal (1, 2). The des-
mocranium (blastemal skull) starts to form around
the developing brain with condensation of the mes-
enchyme by the end of the first month of embryonic
development (2). The occipital plate is first to appear,
and it eventually forms the basilar part of the occipital
bone. This then extends laterally to surround the
hypoglossal nerves on either side, proceeding further
ventrally in the midline and dorsal to the pharynx to
reach the developing hypophysis. At the same time,
the notochord obliquely traverses the occipital plate
(Fig, H). At first, it lies near its dorsal surface and
then it moves ventrally, where it comes close to the
epithelium of the dorsal wall of the pharynx to form
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the posterior wall of the pharynx. Transiently, it fuses
with the dorsal wall of the pharynx and then reenters
the cranial base and courses ventrally to end just
caudal to the hypophysis (2). Hence, the notocord
could conceivably carry some of the endodermal ele-
ments with it as it invaginates into the clivus.

Neurenteric cysts, colloid cysts, and Rathke cleft
cysts are similar at histologic and immunochemical

analysis, and their locations are important distin-
guishing features (3). A Rathke cleft cyst is sellar or
suprasellar, a neurenteric cyst usually is in the poste-
rior fossa, and a colloid cyst typically is in the region
of the foramen of Monro along the anterior superior
wall of the third ventricle. In a study involving nine
cases of neurenteric cysts (1), the most common lo-
cation was intraspinal, with the cervical region being

FIG 1. Images obtained in a 28-year-old
woman who presented with left-sided fron-
totemporal headache lasting 6 wk.

A, Axial CT scan of the skull base shows
a lytic lesion in the clivus, with no cortical
break (arrows). No calcification is seen
within the lesion.

B, Sagittal T1-weighted (500/14) image
of the brain shows a mass (arrow) in the
clivus that is hyperintense relative to the
gray matter. The pituitary (arrowhead) is
separate from the lesion.

C, Axial T2-weighted (6000/98) obtained
at the level of the skull base shows that
the lesion (arrow) is isointense to the gray
matter.

D, Photomicrographs show the cyst lin-
ing composed of a pseudostratified (arrow-

heads) ciliated columnar epithelium (right image; hematoxylin-eosin, original magnification �100) and cytoplasmic mucin and Goblet
cells (arrows in left image; PASD, original magnification �100).

E, Photomicrograph shows strong positive immunohistochemical staining within the lining epithelium (EMA, original magnification
�200).

F, Photomicrograph shows focal positive immunohistochemical staining within the lining epithelium (monoclonal CEA, original
magnification �200).

G, Sagittal contrast-enhanced T1-weighted brain MR (615/12) image obtained at 1-y follow-up shows a typical surgical defect in the
anterior wall of the clivus (arrow), with no recurrence of the cyst.

H, Sagittal view through the clivus at approximately 3 wk of embryonic development shows the notochord (arrows), which obliquely
traverses the occipital plate.
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the most common intraspinal site. Associated verte-
bral anomalies were present in six of the seven cases
of intraspinal neurenteric cysts (1). These anomalies
mainly consisted of segmentation fusion defects, spe-
cifically anterior spina bifida, which should suggest
the possibility of a neurenteric cyst. Aoki et al (6) and
Woo et al (12) divided spinal neurenteric cysts into
two types: type I developmental neurenteric cysts that
typically are in the cervical region anterior to the cord
and without associated spinal defects and type II or
III cysts (also called teratomatous cysts) at the level of
the conus, posterior to the cord or roots, that are
frequently associated with spinal defects. These cysts
can be intramedullary, where they are difficult to
treat and may recur (2, 3). Intracranial neurenteric
cysts also have been described in the cerebellopontine
angle cistern (1, 8–10), prepontine cistern (8, 13),
suprasellar cistern (3), and anterior cranial fossa (11).

Kimura et al (14) have described the MR imaging
of the normal and abnormal clivus well. They retro-
spectively examined findings in 500 patients and com-
pared the signal intensity of the normal clivus and
abnormal clivus with the signal intensity of pons. The
signal intensity of the clivus was hypointense relative
to that of the pons on T1-weighted images in all
patients with an abnormal clivus. On T2-weighted
images, the abnormal clivus had varied signal inten-
sity; it was diffusely hypointense to hyperintense rel-
ative to the pons. All clival tumors had intense en-
hancement in this study. Normal clivus can be
enhancing to some degree; thus, a hypointense tumor
can become isointense relative to the normal marrow
after the administration of gadopentetate dimeglu-
mine (15). Therefore, a nonenhanced T1-weighted
image is more sensitive than a T2-weighted image in
depicting marrow disease of the clivus (15). The most
common lesions in the clivus were metastases (eight
of 21 cases), and breast carcinoma was the most
frequent primary lesion (five of eight cases) (14). On
MR images, the signal intensity characteristics of
neurenteric cysts reflect the content of the cysts. Pro-
teinaceous cysts without hemorrhage have a variable
range of signal intensity, depending on their protein
content (7). Hayashi et al (16), in an exhaustive re-
view of the biochemical findings in the contents of
Rathke cleft cysts, found that the signal intensity was
low on T1-weighted images and high on T2-weighted
images with protein concentrations of 10,000 mg/dL
or less. With protein concentrations of 10,000–17,000
mg/dL, high signal intensity was present on both T1-
and T2-weighted images. With concentrations of
17,000 mg/dL and more, signal intensity was high on
T1-weighted images and low on T2-weighted images.
The neurenteric cyst in our case had uniformly high
signal intensity on T1-weighted images (Fig, B), with
varying areas of iso- or hyperintensity relative to gray
matter on T2-weighted images (Fig, C). These find-
ings suggest moderate to high concentrations of pro-
tein within the cyst in different regions.

The characteristic gross and histologic features of a
neurenteric cyst are essentially those of the current
case. The cyst wall typically is thin and often partially

translucent; these features impart a smooth outer
contour to a unilocular cystic cavity, with variable
contents. However, focal areas of fibrous thickening
may be seen in portions of the cyst wall. Usually, the
cyst contains homogeneous material ranging from a
serous, clear, watery fluid to a dense, opaque sub-
stance resembling colloid. These gross and histologic
qualities of neurenteric cysts have led some authors to
suggest they, in fact, are related to Rathke cleft cysts
and colloid cysts. All three lesions have cellular ele-
ments derived from an endodermal (enterogenous)
origin (3, 17). They are believed to have a common
origin from endodermal remnants (9), and they have
also been termed neuroepithelial cysts.

The histologic appearance of these cysts includes a
lining epithelium that ranges from nonciliated to cil-
iated, low cuboidal to columnar (and occasionally
stratified columnar epithelium), with a variable num-
ber of admixed Goblet cells (3, 9–11, 13, 17, 18).
These mucinous features permit overall comparison
with the normal respiratory or gastrointestinal tract
lining. A thin basement membrane and loose fibrous
tissue base usually support the lining epithelium, and
focal chronic inflammation may be seen in the cyst
wall. Histochemical stains that highlight cytoplasmic
mucin include PASD and mucicarmine stains. Addi-
tional evidence supporting the endodermal origin of
these cysts is largely derived from results of immuno-
histochemical analysis (3, 9–11, 13, 17, 18). The lining
epithelium, as expected, stains positively for most
low- and high-molecular-weight cytokeratins (AE1
and AE3, Cam 5.2), EMA, CEA, and vimentin. Pos-
itive EMA findings aid in confirming a specific diag-
nosis of a neurenteric cyst, while CEA results indicate
an origin from the gastrointestinal tract (9, 13). Neg-
ative staining results usually occur with S-100 protein,
a marker for both glial and schwannian differentia-
tion (occasional focal positivity has been reported
with neurenteric cysts); glial fibrillary acidic protein
(GFAP), a marker of astrocytic, oligodendrocytic,
and ependymal differentiation; neuron specific eno-
lase (NSE), a marker of neuroectodermal and neu-
roendocrine differentiation; and transthyretin (preal-
bumin), a marker of a normal and neoplastic choroid
plexus. Results with these stains are routinely positive
in neuroglial and choroid plexus–derived cysts and
papillomas (9, 10, 17).

Occasionally enterogenous cysts are disrupted in
vivo and undergo degenerative changes, including
cyst wall thickening and fibrosis associated with hem-
orrhage, denudation of the lining epithelium, a xan-
thogranulomatous histiocytic response, and hemosid-
erin deposition (10, 17, 18). In this situation, the
columnar epithelium could theoretically undergo
squamous metaplasia, but diagnostic confusion with
epidermoid or dermoid cysts is unlikely given that
these two lesions usually have mature keratinized
squamous epithelium.

In summary, a neurenteric cyst is an unusual cause
for a clival mass. We believe that the presenting
symptom (headache) of the patient and the presence
of the cyst were incidental. Distinguishing these be-
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nign developmental cysts from other clival lesions
such as chordoma, chondrosarcoma, metastasis, lym-
phoma, meningioma, fibrous dysplasia, and infection
is important (14, 15). The high signal intensity of
a clival mass on T1-weighted images and the lack
of enhancement may indicate a benign pathologic
condition.
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