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Neuroimaging in emergency: a review of possible role of pineal
gland disease
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Abstract: The pineal gland can be involved in a variety of neoplastic and congenital masses and tumors.
Pineal gland neoplasms occur more frequently in children, accounting for 3-8% of intracranial tumors in
the pediatric population. Pineal cysts are small lesions usually asymptomatic and encountered incidentally.
Pathologic processes involving the pineal region produce signs and symptoms related to the mass effect on
the adjacent structures and invasion of surrounding structures. These include several acute symptoms, such
as increased intracranial pressure syndrome from obstruction of the aqueduct and consequent hydrocephalus,
and Parinaud syndrome. Pineal apoplexy is rare and refers to the sudden neurological deterioration following
hemorrhage in the pineal gland, most commonly into a pineal cyst. Knowledge of the clinical presentation
and imaging features of these lesions is essential to narrow the differential diagnosis, especially when
presenting with acute onset.
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Introduction are reserved to US and conventional radiographic

examination (45-48). The purpose of this article is to review

The pineal gland region is a complex anatomical region the normal and main pathologic findings in pineal gland

where a spectrum of histologically different types of benign diseases, with a particular focus on the neuroimaging of

and malignant tumors can arise, and can also be affected by those pathologies causing acute symptomatology and that

many entities seen more frequently elsewhere in the brain can be encountered in the emergency setting.

(1-10). The development of symptoms is due to the mass

effect, and in some cases the onset can be acute, requiring
prompt diagnosis and treatment. Computed tomography Normal pineal gland anatomy and function

(11-15), and mostly magnetic resonance imaging (MRI) The pineal gland (epiphysis) is a small structure (about

(16-21), play a key role for the instrumental diagnosis and
in the interventional radiology setting, especially in the
neuroradiological field (22-44), while limited applications
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5 mm, weighing about 100 mg) located in the midline,
above the tentorium and below the splenium of the
corpus callosum. In approximately 40% of individuals,
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concentric calcifications are present within the pineal gland,
although its significance is still not completely understood.
The pineal gland is connected through the pineal stalk
to the posterior roof of the third ventricle (10,49,50).
Histologically, the normal pineal gland is composed by
pineocytes (95 %)—specialized neuron related to the retinal
rods and cones—and astrocytes (5%), within a fibrovascular
stroma. The pineal gland is not isolated by the blood-brain
barrier, and therefore enhances after contrast medium
administration (9).

One of the primary roles of the pineal gland is in the
generation and regulation of biological rhythms producing
melatonin (51); it is also implicated in the onset of puberty
and reproductive functions.

Signs and symptoms of pineal gland pathology

Pathologic processes involving the pineal region produce
signs and symptoms related to the mass effect on the
adjacent tissues and invasion of surrounding structures.
These include several acute symptoms, such as increased
intracranial pressure syndrome from obstruction of the
aqueduct of Sylvius and consequent hydrocephalus, and
Parinaud syndrome. Parinaud syndrome is caused by
the compression or invasion of the tectal plate and is
characterized by supranuclear vertical gaze disturbance
(often manifesting with diplopia), mydriasis, failed ocular
convergence, and blepharospasm (52-54). As a result
of increased intracranial pressure patients also present
headache, nausea, and vomiting. Precocious puberty is a
non-acute presentation, more commonly associated with
germ cell tumors (GCT5s), probably caused by an increased
secretion of human chorionic gonadotropin (hCG).
Pineal apoplexy is another acute presentation of pineal
gland pathology, though rarer, and is caused by bleeding
into a pineal tumor or cyst; the most common presenting
symptom is a sudden decrease in consciousness associated
with a headache. Secondary parkinsonism attributed to
pineal lesions has also been reported (50).

Pineal gland diseases
Pineal gland tumors

Tumors of the pineal region can be histologically classified
into those arising from the pineal parenchyma, germ cell
neoplasms, and metastatic tumors (1,7,55,56). Pineal tumors
are rare in adults, representing 0.4-1% of all brain tumors,
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while they occur in up to 3-8% in patients of pediatric age.
Pineal tumors in children are usually also larger, due to
greater extensibility and tissue plasticity (7).

Clinical presentation in the emergency setting: clinical
presentation depends mostly on lesion size and localization.
As other intracranial masses, pineal tumors can compress
the aqueduct causing obstructive hydrocephalus and signs
and symptoms of raised intracranial pressure. Parinaud
syndrome due to pressure on the tectal plate can be another
typical clinical presentation. Gait unsteadiness and ataxia
have been described as a clinical presentation in pineal
melanoma. Compression of the pituitary infundibulum
could lead to diabetes insipidus (most common),
hypopituitarism or optic chiasm compression with diplopia.
When the thalami and basal ganglia are involved, the
presentation is often delayed with a more massive tumor at
diagnosis (56,57).

GCTs represent more than half of the pineal region
tumors and are far more common in males. According to
the WHO, they are classified into germinomas and non-
germinomas. Nongerminomatous GCTs are represented
by teratomas, embryonal carcinoma, yolk sac tumor,
choriocarcinoma, and the mixed GCTs (6). Most GCTs
produce hormones and can be characterized serologically
by increased serum and CSF levels of tumoral oncoproteins
(a-fetoprotein, B-hCG, placental alkaline phosphatase).
Germinomas are highly responsive to radiation therapy, and
the overall prognosis is excellent, with a 5-year survival of
about 90%.

Imaging findings: at computed tomography (CT)
germinomas appear as sharply circumscribed, hyperattenuating
mass (due to the highly cellular lymphocyte component) that
typically engulfs pineal calcifications. MRI shows a solid mass
that may have cystic components. Germinomas are iso- to
hyperintense on T1- and T2-weighted images and show
intense, homogeneous enhancement after gadolinium.
Diffusion weighted imaging (DWI) may show restricted
diffusion. The differential diagnosis is mainly with primary
pineal neoplasms; however, the CT sign of engulfment of
the pineal calcifications and the presence of elevated serum
and CSF markers are crucial in narrowing the differential
diagnosis (58). A metastatic epidural seeding of a pineal
germinomas is not frequent but should be considered
in the differential diagnosis of an enhanced epidural
lesion (49). Tosaka et al. described a case of a 16-year-old
boy, previously treated from a pineal germinoma, who
developed rapidly progressing gait disturbances, with
paraparesis and anesthesia of the L5-S1 territories on both
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sides, and urinary retention. Imaging evaluation revealed
the presence of spinal epidural metastases, that required
surgery in emergency and on pathologic examination were
confirmed to be from germinoma (59).

"Teratomas appear at imaging as multiloculated, lobulated
lesions with intralesional areas of fat, calcifications, and
fluid (2). On MRI, T2-weighted signal is iso- to hypointense
in the soft tissue component, with enhancement on post-
contrast images (2). Malignant counterparts of teratomas
show a more homogeneous imaging appearance, with
fewer cysts and calcifications, and should be included in the
differential diagnosis with other pineal tumors. Secondary
somatic malignancies are not rare, so surveillance for both
secondary malignancy and growing teratoma syndrome are
recommended.

Pineal parenchymal tumors are rare, representing less
than 0.2% of intracranial neoplasms. They arise from the
pineocytes and histologically are neuroepithelial neoplasms.
Different tumoral grades are recognized, from the low-
grade pineocytoma to the intermediate-grade pineal
parenchymal tumor of intermediate differentiation (PPTID)
and the highly malignant pineoblastoma.

Pineocytoma is a slow-growing tumor (grade I according
to the WHO) and is one of the most common pineal
parenchymal neoplasms. It mainly affects adults in the
third and fourth decades without gender predilection.
After radical surgery, there are no reported relapses, and
the S-year survival is 86-100%. Cerebrospinal fluid (CSF)
seeding and metastases are also rare.

Pineoblastoma is a highly malignant (WHO grade 1V)
lesions, accounting for about 40% of pineal parenchymal
tumors. It can occur at any age, but most frequently affects
patients in the first two decades. CSF dissemination is
frequent, and worsen the prognosis. The 5-year survival is
less than 60%.

Imaging findings: pineocytomas appear as small (usually
less than 3 cm), iso-hyperdense, well-circumscribed
demarcated lesions at CT; unlike GCTs, pineal
parenchymal tumors tend to expand and displace the
normal pineal calcifications toward the periphery. MRI
evaluation can better define internal tissue characteristics
and vascularization after gadolinium administration
(60-64). At MRI, pineocytomas are well-demarcated lesions,
hypo-isointense on T1-weighted and hyperintense on
T2-weighted sequences. After gadolinium, they typically
show intense and homogeneous enhancement. Some
pineocytomas may have cystic or partially cystic appearance,
and the differential diagnosis with pineal cyst requires
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identification of internal or nodular wall enhancement.
Intratumoral hemorrhage rarely occurs in pineocytomas.

Pinealoblastoma appears at CT as a larger (typically
>3 cm), lobulated, hyperdense mass, with calcifications
exploded at the periphery of the lesion. At MRI,
pineoblastomas show heterogeneous signal intensity, with
necrotic and hemorrhagic areas. DWI shows restricted
diffusion. Cystic forms of pineoblastomas are rare, while
CSF dissemination is a common finding, so imaging of the
entire spine is recommended. At the time of the diagnosis,
almost all patients have obstructive hydrocephalus and
Parinaud syndrome A distinctive feature of metastatic
pineoblastoma is that it secretes serotonin and can cause
syndromes of neuroendocrine tumors, like circulation
deficiency, myocardial ischemia, bronchoconstriction,
venous thrombosis, and anasarca. Heithem et /. described a
particularly rare case of acute circulatory deficiency due to
massive serotonin release during surgical manipulation of
an intra-abdominal metastasis pineoblastoma (5).

Pineal gland metastases: metastatic involvement of pineal
gland is mostly due to the spread of primary carcinomas
of the lung, breast, gastrointestinal tract, kidneys, bladder,
pancreas, ovary. Malignant melanoma can occur in the
pineal region as a primary or a metastatic tumor, though
it was rarely described (55). Despite aggressive treatment
strategies, the overall life expectancy of patients with
metastatic melanoma is between 3 and 6 months (55-57,65).

Pineal metastases usually have a heterogeneous
appearance, with hypointense signal on T1-W sequences.
Approximately half of the melanoma metastases (melanotic
type) are hyperintense on unenhanced T1-weighted
images (56).

Pineal cysts

Imaging findings: pineal cysts appear at MRI as round or
oval, thin-walled, and well-circumscribed lesions, with
signal intensity similar to that of CSF (52), even if on fluid-
attenuated inversion recovery (FLAIR) images, the signal
may not be suppressed entirely due to the proteinaceous
contents After gadolinium, enhancement of the cyst wall is
typically incomplete (3,8,66-69) (Figure I).

Clinical presentation in the emergency setting: the vast
majority of pineal cysts are small (<1 cm) and asymptomatic
and encountered incidentally on CT scans or MRI (3).
Larger cysts can present with mass effect on the tectal
plate leading to compression of the superior colliculi and
Parinaud syndrome. If the cerebral aqueduct is compressed,
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Figure 1 Axial FLAIR (A), DWI (B), sagittal T2 (C) and Gd-enhanced T1 (D) images of a 23-year-old boy with acute onset of headache and
dizziness. MRI findings show the presence of a cystic lesion in the pineal gland region. Note the hyperintense signal on FLAIR sequence

(arrowhead) and the incomplete wall enhancement after gadolinium (arrow). There are no signs of water diffusion restriction. DWI,

diffusion weighted imaging.

they may also result in obstructive hydrocephalus.
Sometimes symptoms can evolve rapidly and require
prompt intervention. Tamura et a/. (3) reported a case
of a 61-year-old man, with a sudden onset of headache,
reduced consciousness and diplopia in whom CT scans
demonstrated a hyperdense pineal mass with dilatation of
the lateral/third ventricles and intraventricular hemorrhage.
The day after, the patient’s consciousness level declined, and
CT scans demonstrated acute obstructive hydrocephalus
which was emergently treated with external ventricular
drainage.

Pineal apoplexy is a rare but acute clinical picture, and
refers to a sudden neurological deterioration following
hemorrhage in a pineal mass, most commonly into a pineal
cyst (70,71). Patients develop a sudden severe headache,
often with associated symptoms including decreased
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consciousness level and meningism. Hemorrhagic pineal
cysts can occur at any age, from infants to senile patients.
The grade and extent of hemorrhage can be variable,
ranging from minor intracystic xanthochromic fluid levels
to intraventricular hemorrhage. Some authors suggested
a potentially increased risk of anticoagulation-induced
hemorrhage in pineal cysts (3). These authors, reporting a
case, suggest that it is advisable to inform patients with pineal
cysts of the possible risk of intracystic hemorrhage and the
potentially associated complication during anticoagulant
or antiplatelet therapy (3). However, in the majority of
reported cases to date, the exact cause of bleeding has
not been completely understood. Intracystic hemorrhage
presenting with new-onset seizures was also reported in
the literature (6). More rarely, the underlying cause of
bleeding is a cavernous angioma, as in the case described by
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Figure 2 Sagittal contrast-enhanced T'1 sequences of a young patient with a homogeneously enhancing pineal mass (A). The lesion appears

almost completely vanished after 1 month (arrow) (B).

Kobayashi ez al. (72).

Sometimes apoplexy may follow an ischemic event in the
context of a tumor. Indeed, large tumors may compress or
outgrow the feeding vessels, especially those coming from
the lateral pineal artery, which often provides unilateral
vascularization to the pineal gland. An ischemic mechanism
can be hypothesized when neuroimaging exams do not show
signs of hemorrhage, as happened in a case of a vanishing
pineal gland in a girl after acute onset of headaches,
vomiting, dizziness, and tinnitus described by Patriarca
et al. (73). In these cases, MRI is the modality of choice for
follow-up examinations (74) (Figure 2). CNS lymphomas
and other lesions are relatively frequently reported as
vanishing tumors because of their trend to regress with
corticosteroid therapy (69,75).

CNS lymphoma rarely involves the pineal gland, and few
cases are reported in the literature (53). Headache is one of
the most common presenting symptoms in these patients,
although acute symptoms such as focal neurologic deficits,
fever, diplopia, altered mental status, and seizure are also
described. The average age at diagnosis is 40 years and is
far more common in males. B-cell lymphoma is the most
common type, including large B cell lymphoma, malignant
B cell lymphoma, immunoblastic lymphoma, and anaplastic
lymphoma kinase-positive anaplastic large cell lymphoma
(ALK-1 positive ALCL) (53,54).

Imaging findings: imaging features of pineal lymphoma
are not pathognomonic, overlapping with the appearance of
pineoblastoma, germ cell tumor, and metastatic disease (53),
so histologic confirmation is needed (76,77). On MRI
lymphoma appears in most cases as a homogeneously
enhancing lesion; hydrocephalus is often present at the time
of the diagnosis.
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Conclusions

Several pineal gland lesions manifest with an acute onset,
the most common symptom being headache of sudden
onset or acute worsening. Pineal apoplexy should always
be considered in patients with a pineal cyst that become
symptomatic. CT and MRI are valuable tools for the
differential diagnosis, and in the emergency setting, prompt
identification of pineal gland pathology is essential to
improve survival of patients.
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