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Introduction

The pineal gland is a diencephalic structure, also
known as the epithalamus, and is the center of a
busy neuroanatomical region of the brain (Fig. 1).
The splenium of the corpus callosum is located
superiorly, the quadrigeminal plate inferiorly, and
the quadrigeminal plate cistern and superior sur-
face of the vermis posteriorly. The gland is
attached to the posterior wall of the third ventricle
by the superior and inferior leaflets of the pineal
stalk. From a superior to inferior direction, the
posterior wall of the third ventricle consists of
the suprapineal recess, the habenular commissure,
the pineal body, the pineal recess, the posterior
commissure, and the aqueduct of Sylvius. The
stria medullaris thalami extend along the

superomedial border of each thalamus from the
foramen of Monro to the habenular commissure.
The posterior roof of the third ventricle is com-
posed of the forniceal crura and hippocampal
commissure, followed by the superior layer of
the tela choroidea, which is derived from the pia.
In between the superior and inferior layers of the
tela choroidea is the velum interpositum, a
vascular-rich region containing the paired internal
cerebral veins and the medial posterior choroidal
arteries. Veins dominate the pineal region. The
internal cerebral veins, basal veins of Rosenthal,
superior cerebellar veins, and posterior splenial
veins all drain into the vein of Galen under the
splenium within the quadrigeminal cistern.

Pineal tumors account for 0.5% of all central
nervous system (CNS) tumors in adults, 1% in

Fig. 1 Normal pineal anatomy. (a) Sagittal T1-weighted
with contrast image of the pineal region in a 5-year-old
male with no prior or subsequent history of pineal abnor-
malities shows a normal appearing pineal gland (red arrow)
along the inferior margin of the internal cerebral veins (red
arrowhead). The gland demarcates the pineal recess (white
arrowhead) and suprapineal recess (white arrow) of the

third ventricle. (b) Axial T1-weighted with contrast
image shows a normal sized pineal gland (red arrow),
which demonstrates post-contrast enhancement. The
gland is posterior and medial to the habenulae (red arrow-
heads), which appear as focal protrusions along the poste-
rior aspect of the medial margin of the thalami
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young adults (aged 20–34 years), and 2.7% in
children (aged 1–12 years). Using the new 2016
World Health Organization (WHO) Classification
of Tumors of the Central Nervous System, there
are a large number of distinctly unique histologi-
cal types of neoplasms that arise from the pineal
region (Table 1) (Louis et al. 2016). In this chap-
ter, we will take the reader through the workup
and management of a child with a newly diag-
nosed pineal region tumor, starting with presenta-
tion, imaging, management of hydrocephalus,
analysis of CSF, and surgical management.

Clinical Presentation

The surrounding neuroanatomy dictates the clini-
cal presentation of pineal tumors. Mass effect
from direct compression or dilation of the third
ventricle causes the more common signs and
symptoms. Owing to the proximity of the aque-
duct of Sylvius, the most common presentation of
pineal tumors is hydrocephalus – more specifi-
cally, triventricular hydrocephalus. Symptoms

include headache, nausea, vomiting (particularly
at night or morning), decreased activity, drowsi-
ness or lethargy, and visual disturbances (i.e.,
double vision or blurred vision). Papilledema is
a common ophthalmologic finding. With larger
tumors or with tumors that have internally
hemorrhaged or infarcted (pineal apoplexy), a
number of unique ophthalmologic disturbances
may occur, collectively known as Parinaud’s syn-
drome. These include upgaze palsy, convergence-
retraction nystagmus, light-near pupillary dissoci-
ation (pseudo-Argyll Robertson pupil), lid retrac-
tion (Collier’s sign, from involvement of posterior
commissure levator inhibitory fibers), and sun
setting eyes, which is combination of upgaze
palsy and lid retraction, resulting in preferential
downgaze that is coupled with exposure of the
sclera. Parinaud’s syndrome, known also as dorsal
midbrain syndrome, can be found in 50–75% of
pineal tumor patients. Diplopia can be caused by
palsies of the fourth or sixth cranial nerves due to
the child’s hydrocephalus or compression of the
dorsal midbrain. The fourth or trochlear nerve
innervates the superior oblique muscle, which
intorts, depresses, and adducts the eye. Therefore,
a palsy of this nerve will cause vertical and
oblique diplopia that is worse in downgaze and
gaze away from the affected eye, resulting in
difficulty reading and walking downstairs.
Patients, especially younger children, will adopt
a characteristic head tilt away from their affected
eye to reduce their diplopia, which is called the
Bielschowsky sign. The sixth or abducens nerve
abducts the eye by innervating the lateral rectus.
Weakness of this nerve results in a lateral gaze
palsy and horizontal diplopia that is worse with
gaze toward the affected eye.

A number of less common clinical manifesta-
tions may occur. Larger tumors may extend into
the posterior fossa, compressing the superior ver-
mis and the superior cerebellar peduncles,
resulting in ataxia and horizontal nystagmus.
Compression of the midbrain tegmentum can
result in weakness (due to cerebral peduncles),
depressed level of arousal (reticular activating
system), ophthalmoparesis, mydriasis, anisocoria,
and ptosis (all due to primary and accessory
[Edinger-Westphal] oculomotor nuclei). Tumor

Table 1 Most common tumors of the pineal region
(grade)

Germ cell origin

Germinoma (IV)
Embryonal carcinoma (IV)
Yolk sac tumor (IV)
Choriocarcinoma (IV)
Teratoma
Mature (I)
Immature teratoma (N/A)

Teratoma with malignant transformation (IV)
Mixed germ cell tumor

Tumors of pineal parenchymal cells

Pineocytoma (I)
Pineal parenchymal tumor of intermediate differentiation
(II or III)
Pineoblastoma (IV)
Papillary tumor of the pineal region (II or III)

Embryonal tumor

Atypical teratoid/rhabdoid tumor (IV)
Embryonal tumor with multilayered rosettes (IV)

Tumors arising from adjacent structures

Ependymoma (II or III)
Glioma (I–IV)
Meningioma (I–III)
Choroid plexus tumors (I–III)
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infiltration, although rare, can invade the dorsal
thalamus and internal capsule resulting in relevant
motor and sensory deficits. Diffuse spinal
leptomeningeal disease may cause generalized or
spinal pain in older children or unremitting irrita-
bility in infants. Diabetes insipidus is a rare pre-
senting phenomenon, but if present, it may be due
to direct spread of tumor to the hypothalamus or
synchronous dual site germ cell tumor of the
pineal and suprasellar regions.

Imaging

Imaging plays an important role in the diagnosis
and management of pineal region tumors. CT and
MRI are the imaging techniques most important in
the evaluation of pineal region tumors. Because
many children with pineal tumors and symptoms
of mass effect and obstructive hydrocephalus ini-
tially present in the emergency department, these
lesions typically are initially identified with
CT. CT is rapidly performed and widely available
and typically does not require sedation. It is also
sensitive enough to find calcifications within the
primary tumor and signs of acute hemorrhagic
changes. MRI is usually performed for much
greater soft tissue characterization, as opposed to
CT. Imaging evaluation of newly diagnosed
pineal region tumors has several goals, including
tumor characterization, tumor localization, detec-
tion of metastatic disease, and aiding in surgical
planning.

MRI has multiple imaging sequences that are
important for tumor characterization. Conven-
tional T1-weighted (T1W) and T2-weighted
(T2W) images are the mainstay of MR examina-
tions, and each has a role in lesion characteriza-
tion. T1-weighted hyperintense signal within a
lesion can be a sign of methemoglobin from sub-
acute hemorrhage or fat, which can be found in
mature teratomas. CT can be a useful adjunct in
helping differentiate these entities, with fat having
a low density, approximately between 0 and�100
Hounsfield units (HU). Post-contrast T1-weighted
imaging is the standard method of evaluating for
metastatic disease. A normal pineal gland will
demonstrate post-contrast enhancement since

there is no intact blood-brain barrier (i.e.,
circumventricular organ). T2-weighted hypo-
intense signal can be seen with some blood
products and with calcifications. Susceptibility-
weighted imaging (SWI) is an MRI technique that
can help detect hemorrhage and/or calcifications.
Diffusion-weighted imaging (DWI) is a technique
that can evaluate microstructural features of a
lesion and – with the apparent diffusion coefficient
(ADC) value inversely correlating with tumor cel-
lularity – tumor grade (Dumrongpisutikul et al.
2012; Choudhri et al. 2015). MR perfusion tech-
niques are used to detect lesions with increased
blood flow and blood volume, which are features
that tend to correspond with high-grade lesions
(Pillai et al. 2010). MR venography can be
performed to evaluate the position and patency of
the internal cerebral veins, which are superiorly
and laterally displaced by large pineal masses;
however, the position of the internal cerebral
veins can typically be characterized by the hypo-
intense flow voids on T2-weighted imaging and
also by their hyperintense appearance on post-
contrast T1-weighted imaging.

Fluid attenuation inversion recovery (FLAIR)
imaging can aid in determining whether the cystic
components of a pineal region lesion contain
CSF-like contents, which will have central
suppressed signal characteristics, or proteinaceous
fluid, which will have incomplete suppression.
FLAIR can also be a means of detecting peri-
ventricular interstitial edema, which is a sign that
can help differentiate ventriculomegaly from
hydrocephalus. Post-contrast FLAIR imaging is a
technique that some studies suggest may be highly
sensitive to detecting subtle leptomeningeal meta-
static disease (Ercan et al. 2004).

Balanced steady-state free precession imaging,
which typically goes by proprietary names such as
fast imaging employing steady-state acquisition
(FIESTA) or constructive interference into
steady-state (CISS), can provide high-resolution
characterization of CSF spaces, including patency
of the aqueduct of Sylvius, morphology of the
third ventricle for endoscopic third
ventriculostomy (ETV) planning, and patency of
ETVs. These techniques can also be used to iden-
tify the trochlear nerve (Blitz et al. 2014a, b).
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While imaging alone cannot predict the exact
histology of tumors, there are imaging patterns of
particular tumors that can aid in narrowing differ-
ential diagnoses. Key features of the lesions are
presented below, with tumors grouped into pineal
origin tumors, germ cell tumors, and other
entities.

Pineal Origin Tumors

Pineoblastoma. Pineoblastoma is a high-grade
tumor that can grow to be large (sometimes in
excess of 5 cm) and is diffusely enhancing with
some internal cystic areas. There are often calcifi-
cations that are spread throughout the lesion,
sometimes referred to as “exploded” calcifica-
tions. This pattern of calcifications, as opposed
to a focal area of peripherally displaced calcifica-
tions, suggests the tumor is of pineal cell origin.
These tumors are highly cellular, often have mito-
ses, and therefore have a restricted diffusion.
Pineoblastomas have a propensity for CSF dis-
semination, and careful evaluation of the entire
neuraxis for possible metastatic disease is
warranted. These lesions tend to have diffusivity
of less than 800� 10�6 mm2/sec. In patients with
germline mutations in the retinoblastoma gene
(Rb, chromosome 13), a pineal tumor histologi-
cally related to pineoblastoma can occur. This is
presumably due to primitive light-detecting fea-
tures of the pineal gland, and when present, it is
referred to as “trilateral” retinoblastoma (Fig. 2).

Pineocytoma. Pineocytoma is a low-grade
pineal cell tumor that typically appears to be an
enlarged pineal gland and is more circumscribed
than a pineoblastoma. These lesions will rarely
hemorrhage, are less cellular than pineobla-
stomas, and therefore have greater diffusivity, in
the 1200 � 10�6 mm2/sec range. At times it can
be difficult to identify this definitively as a tumor
and not an enlarged pineal gland, and follow-up
with thin-section imaging may be required to
evaluate for subtle changes over time.

Pineal parenchymal tumor of indeterminate
differentiation (PPTID). As the name suggests,
PPTID is an intermediate-grade tumor that has
features of both pineoblastoma and pineocytoma.

These lesions may be more heterogeneous and
multilobulated than pineocytomas; however,
they will be less likely to have internal hemor-
rhage or a very large size, like pineoblastomas.
Specific imaging prediction of this histologic
diagnosis is not typically possible, because it can
overlap with a large pineocytoma and also with a
small pineoblastoma.

Papillary tumor of the pineal region
(PTPR). PTPR is a rare tumor of the pineal
gland that tends to have multiple internal cysts,
with post-contrast enhancement of the solid por-
tions and the cyst walls. There are few imaging
features that can offer specific prediction of this
histologic diagnosis. While histologically distinct
entities, the imaging features can be similar to that
of PPTID.

Germ Cell Tumors

Germinoma. Germinomas tend to be predomi-
nantly solid tumors of the pineal region that can
have some internal cystic areas. There is often a
focal displaced or engulfed pineal calcification.
The solid portions of the lesion tend to be high
density on CT and enhance on post-contrast
T1-weighted imaging. Pineal region germinomas
do not typically restrict diffusion and have a mean
diffusivity of approximately 1500 � 10�6 mm2/
sec (Dumrongpisutikul et al. 2012; Choudhri et al.
2015). Germinomas of the pineal region are much
more common in males than females, unlike
suprasellar germinomas, which are seen slightly
more commonly in females (Fig. 3).

Non-germinomatous germ cell tumors. This
group of rare lesions, including embryonal carci-
nomas, yolk sac tumors, and choriocarcinomas,
has a wide variety of imaging presentations. Sus-
picion of this class of lesions is typically known
based upon germ cell marker analysis.

Teratoma. Teratomas tend to be mixed solid
and cystic, with areas of calcification occurring as
often as internal macroscopic areas of fat. Fat will
be hyperintense on T1-weighted imaging and can
be differentiated from methemoglobin by
employing T1-weighted imaging with fat sup-
pression and also by performing a CT scan and
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looking for material with a density of less than
0 HU (Fig. 4).

Mixed germ cell tumors. Mixed germ cell
tumors can have a variety of imaging appearances
and do not have any specific features that define
them without other indicators, such as germ cell

markers or biopsy. Fat within the lesion is likely to
be an indication of a teratoma component. A
mixed germ cell tumor leaves behind a teratoma
component that may subsequently start growing
after treatment with chemotherapy (for
non-germinomatous tumors) or radiation (for

Fig. 2 Pineoblastoma. (a) Sagittal CT image in a 3-year-
old female shows a large pineal region mass with hetero-
geneous internal areas of calcification throughout the
lesion. (b) Sagittal T1-weighted with contrast image
shows post-contrast enhancement within the mass, which
effaces the aqueduct of Sylvius. (c) Axial apparent

diffusion coefficient (ADC) map showing hypointense sig-
nal within this lesion, with quantitative analysis confirming
restricted diffusion with a diffusivity of approximately
480 � 10–6 mm2/sec. This was confirmed to be a
pineoblastoma
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germinoma). This posttreatment growth of the
teratoma component is referred to as the “growing
teratoma syndrome,” which will be discussed fur-
ther below (O’Callaghan et al. 1997).

Other Lesions

Tectal glioma. Gliomas of the tectal plate can be
confused for a pineal tumor; however, after care-
ful analysis, the upwardly displaced pineal gland
is easy to identify, which will typically be intrin-
sically normal. Accurately differentiating this
type of tumor from a pineal origin tumor is critical
because tectal gliomas are rarely resected due to
resultant morbidity. These lesions are often histo-
logically pilocytic astrocytomas and have a vari-
ety of imaging appearances, including T2
hyperintense non-enhancing enlargement of the
tectum and a focal heterogeneously enhancing
lesion with internal microcystic changes (Fig. 5).

Thalamic/habenular glioma. Similar to tectal
gliomas, focal tumors of the medial thalamus

and/or habenula can be mistaken for a pineal
tumor. Thalamic tumors will result in displace-
ment of the pineal gland, often either to the con-
tralateral side or posteriorly. Any pineal region
tumor that is off-midline should raise suspicion
for a thalamic tumor.

Mimicking Conditions

While CT and MRI are excellent at detecting and
characterizing pineal tumors, they can also detect
nonneoplastic mimicking conditions, such as
physiologic pineal calcifications and pineal
cysts. Calcifications are a physiologic finding
within the pineal gland, which is present in
approximately 50% of individuals by early ado-
lescence and nearly 100% of individuals by adult-
hood. With modern thin-section imaging,
calcifications have been identified in asymptom-
atic patients as young as 3 years of age, with an
incidence that increases throughout childhood.
Therefore, pineal calcifications alone – without

Fig. 3 Germinoma. (a) Axial CT image in an 11-year-old
male shows a large pineal mass with focal calcifications
within the anterior aspect of the lesion. (b) Axial
T1-weighted with contrast image shows mild diffuse

post-contrast enhancement within the mass, with focal
hypointense non-enhancing areas anteriorly corresponding
to the calcifications. This was confirmed by biopsy to
represent a germinoma
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signs of an associated mass – are doubtful to be
indicative of a pineal tumor, unless the patient is
younger than 3 years of age (Zimmerman and
Bilaniuk 1982; Whitehead et al. 2015; Galluzzi
et al. 2016).

Cysts of the pineal gland can also be a cause of
uncertainty; however, with modern high-
resolution imaging, pineal cysts have been

detected in greater than 50% of asymptomatic
patients with scans being performed for unrelated
issues (Whitehead et al. 2013; Sirin et al. 2016).
Cysts of the pineal gland are, therefore, typically a
physiologic finding also, even when larger than
10 mm. Without associated solid tissue and/or
mural irregularities, these are unlikely to be indic-
ative of a pineal tumor. Clinical and/or imaging

Fig. 4 Teratoma. (a) Axial T1-weighted with contrast
image in a 4-year-old male shows a multicystic pineal
lesion. (b) Axial apparent diffusion coefficient (ADC)
map showing hyperintense signal within this lesion, with

quantitative analysis confirming relative facilitated diffu-
sion with a diffusivity of approximately 1450 � 10–6
mm2/sec. This was confirmed to be a teratoma
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follow-up in the case of larger pineal cysts without
suspicious features is likely more relevant with
regard to mass effect than neoplastic potential.

Management of Hydrocephalus

For many children with a brain tumor and hydro-
cephalus, removal of the former can treat the
latter. Pineal tumors are unique because informa-
tion obtained from CSF or tissue analysis will
dictate further treatment, which may not necessar-
ily be resection of the mass. Thus, management of
hydrocephalus and determination of tumor type
are interrelated, but essentially different separate
objectives. Hydrocephalus in the setting of pineal
mass can be treated either by a temporary external
ventricular drain (EVD), a shunt, or ETV.

Patients who present in extremis from severe
hydrocephalus may require emergent placement
of an EVD. This gets the child out of immediate
danger of herniation and allows further evaluation
to proceed in a controlled setting. CSF can now be
sent for germ cell markers (see below) and

cytology. Eventually, the EVD will have to be
removed, if the child’s hydrocephalus has been
treated with resection of the mass or replaced by a
shunt or, if hydrocephalus persists, an ETV.

We generally avoid placing a shunt up front in a
child with a newly diagnosed pineal tumor, but we
will, if resection is not immediately indicated or the
ETV fails. The treatment of choice is ETV as it
allows the surgeon to achieve three goals: treat the
hydrocephalus, obtain CSF, and biopsy the tumor,
particularly if the tumor extends into the anterior
part of the third ventricle (see below) (Morgenstern
and Souweidane 2013; Pettorini et al. 2013). Of the
three goals, the first two are of higher priority than
the third. The third ventriculostomy is always
performed first before the biopsy because if bleed-
ing ensues from the biopsy, it will obscure visual-
ization for the third ventriculostomy. Because the
CSF germ cell marker results do not rapidly return,
ETVand tumor biopsy is typically done at the same
operation. Thus, the surgeon should approach the
biopsy portion of the procedure with some trepida-
tion, if there is intraoperative or radiographic evi-
dence of a hypervascular tumor. For these cases,

Fig. 5 Tectal glioma. (a) Sagittal T1-weighted image in
an 18-year-old female demonstrates a pineal region mass
(red arrow). Close evaluation confirms that the pineal
gland is separate from the lesion (red arrow) and the lesion
is centered in the tectum and tegmentum. There are also
signs of third ventricular distention (*), including anterior
bowing of the lamina terminalis, inferior bowing of the

floor of the third ventricle, and splaying of the chiasmatic
and infundibular recesses of the third ventricle, related to
obstruction of the aqueduct of Sylvius. (b) Axial
T1-weighted image shows a normal appearing pineal
gland (red arrow). There is also enlargement of the imaged
portions of the lateral and third ventricles, consistent with
triventricular obstructive hydrocephalus
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we consider neoadjuvant chemotherapy before
proceeding with a resection (see below). We rou-
tinely leave an Ommaya reservoir in place as a
safety (i.e., therapeutic) and diagnostic device, if
the ETV was to fail or one needed to know the
opening pressure or obtain CSF for analysis,
respectively.

The ETV Success Score was developed to help
surgeons determine the likelihood of ETV
succeeding in a particular child, taking into consid-
eration age, hydrocephalus etiology, and whether
or not the child currently has a shunt (Kulkarni
et al. 2009). Infants (<2 years) and children with
CSF dissemination are at high risk for ETV failure
and need careful monitoring. There are a number of
clinical and radiographic findings that indicate the
ETV has not worked. These include recurrence or
persistence of the child’s hydrocephalus symp-
toms, increasing ventricular size, development
and expansion of a subdural hygroma, a pseudo-
meningocele (particularly with a CSF-cutaneous
fistula), and an elevated pressure with tapping of
an Ommaya, if present.

CSF Analysis and Need for Tissue

CSF analysis for germ cell markers is a critical
early step in the management of a newly diag-
nosed pineal tumor. Non-germinomatous germ
cell tumors may produce elevated levels of beta-
human chorionic gonadotropin (β-hCG, chorio-
carcinoma), alpha-fetoprotein (α-FP, endodermal
sinus, or yolk sac tumor), or both (embryonal cell
carcinoma). Elevated placental alkaline phospha-
tase (PLAP) is classically specific for germinoma,
but this test is often not available. Mature terato-
mas do not express tumor markers, but immature
teratomas may have mildly elevated β-hCG or
α-FP. Although we continue to routinely measure
β-hCG from both serum and CSF, a recent study
from our institution suggested that serum α-FP
may be sufficient in some cases, whereas β-hCG
requires both (Qaddoumi et al. 2012). As men-
tioned previously, CSF may be obtained from an
EVD or at the time of an ETV but also from a
lumbar puncture, if there is no obstructive
hydrocephalus.

Elevation of β-hCG or α-FP is diagnostic for a
non-germinomatous germ cell tumor, whether
pure or mixed with other germ cell tumor type.
In these cases, no tissue confirmation is required.
These patients may still require resection, if their
markers have normalized after chemotherapy, but
they have a persistent and possibly increasing
mass due to the teratomatous component of their
mixed tumor, a phenomenon known as growing
teratoma syndrome (Kim et al. 2011). The litera-
ture regarding treating non-germinomatous germ
cell tumor is diverse, whether sending the patient
for radical resection and then complete the treat-
ment with adjuvant chemotherapy or, like we
prefer, postponing the surgery for resection, at
least initially, and use chemotherapy as neo-
adjuvant or even as stand-alone treatment.

Lack of elevation of β-hCG or α-FP would
suggest a germinoma or other non-germ cell
tumor, such as a pineoblastoma or atypical teratoid
rhabdoid tumor (ATRT). In these patients, tissue
confirmation is necessary. In our practice, tissue
can be obtained endoscopically or through a crani-
otomy, but we generally do not perform stereotactic
needle biopsy because of the risk of bleeding –
either from the tumor or surrounding vasculature –
and sampling error. Sampling error is a notable
issue in the case of mixed germ cell tumors,
which comprise 30–40% of intracranial germ cell
tumors. Both sampling error and bleeding can cer-
tainly occur with an endoscopic biopsy, but the
surgeon has the advantage of selecting an area of
the tumor that is relatively avascular and having the
tactile and visual feedback to determine how much
tissue to grasp and remove with some abilities to
stop bleeding, if it occurs (Ahmed et al. 2015).
Furthermore, the surgeon can carefully inspect the
ependyma of the ventricle for “sugar coating”
tumor spread, which may not be evident on MRI
(Oi et al. 2000, 2001; Roth and Constantini 2015).
As endoscopic tumor biopsy is often done at the
same time as the third ventriculostomy, technical
nuances have been proposed to achieve both. We
prefer the use of a rigid endoscope placed through a
single burr hole approximately 3 cm off-midline
and 1–2 cm anterior to the coronal suture for both
procedures. Others have advocated for a 2-burr-
hole approach, with a standard burr hole for the
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ETV followed by a second anterior burr hole,
which allows for a more posteriorly directed trajec-
tory to the posterior third ventricle and pineal
region (Veto et al. 1997; Oi et al. 2001; Oppido
et al. 2011). More recently, Roth and Constantini
have merged the two techniques by using a flexible
and rigid scope through the same burr hole. The
rigid endoscope, with its superior optics, is used to
make the third ventriculostomy, whereas the flexi-
ble scope is used to reach posteriorly for the biopsy
(Roth and Constantini 2015).

A recent report showed improved diagnostic
accuracy with stereotactic biopsy with lowmorbid-
ity compared with endoscopy (Balossier et al.
2016). Balossier et al. compared an endoscopic
series with a stereotactic one and found that, with
endoscopy, the diagnostic rate was 81% with a
perioperative morbidity of 25%, whereas, with ste-
reotactic biopsy, the diagnostic rate was 99%with a
perioperative morbidity of 6.4%. Figure 6 is a flow
diagram algorithm that provides a step-by-step
workup and management of a newly diagnosed
pineal region mass, similar to one in a recent pub-
lication by Zaazoue and Goumnerova (2016).

Molecular subtyping harbors promise for bet-
ter tailoring the treatment options. Recent cellular
and molecular evidence in the molecular charac-
terization of intracranial germ cell tumors sug-
gests the roles of CCND2, RB1, and PRDM14
in their pathogenesis and identifies several cellular
pathways with potential therapeutic utilities, such
as KIT/RAS and AKT1/mTOR pathways
(Terashima et al. 2014; Huang et al. 2016). The
activation of the MAPK pathway by KIT or RAS
mutations plays a role in the pathogenesis of
germinomas (Sakuma et al. 2004; Fukushima
et al. 2014). This will potentially allow using
molecular targeting agents, such as imatinib, for
those specific tumors and avoid the well-known
long-term complications associated with radio-
therapy in the pediatric population.

Surgical Management

Surgical resection is indicated for all marker-
negative tumors, with one exception – germinoma.
Germinomas respond so readily and rapidly with

radiation that resection is not needed, and so the
surgeon’s objectives in these patients are to treat the
hydrocephalus and obtain tissue for diagnosis. A
diagnostic trial of chemotherapy or radiation for
suspected cases of germinoma with the hope of
sparing the patient surgery should be relegated to
history and has no role today (Choi et al. 1998).

For larger or vascular appearing pineal tumors,
which are typically pineoblastomas or ATRTs, we
have found neoadjuvant chemotherapy to be
invaluable in helping achieve a complete resection.
The chemotherapy regimen consists of two rounds
of carboplatin, cyclophosphamide, and etoposide,
each taking approximately 1 month from start to
full hematologic recovery (Van Poppel et al. 2011).
Chemotherapy converts the tumor from one that is
soft, friable, and easily aspirated but bloody to one
that is markedly less vascular, but more firm with a
well-developed tumor capsule. Sometimes there is
no significant decrease in the overall volume of the
tumor, but there may be cystic changes and
decreased enhancement. The tumor capsule now
helps with the dissection of the tumor away from
adjacent neurovascular structures.

Surgery of the pineal region and posterior third
ventricle remains one of the most challenging cases
for pediatric neurosurgeons. The history of pineal
and posterior third ventricular surgery is filled with
the names of well-known and familiar neurosur-
geons, including Dandy, Horrax, Poppen, Krause,
Stein, and Jamieson (Zülch 1981). Various opera-
tive approaches have been described, each with its
advantages and disadvantages (Hart et al. 2013;
Sonabend et al. 2016). Surgical approaches can
broadly be divided into supratentorial or
infratentorial. There are two primary supratentorial
approaches, both of which are midline and
interhemispheric approaches – posterior-
transcallosal and occipital-transtentorial. The clas-
sic infratentorial approach is the supracerebellar-
infratentorial, which is most commonly performed
as a midline approach but can also be done
off-midline (Kulwin et al. 2016). There are also
combined supra-infratentorial approaches for
large masses (Ziyal et al. 1998). The selection of
the operative approach is dependent on a number of
factors, including the goal of surgery (e.g., biopsy
only, reestablishment of CSF flow, or complete
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surgical extirpation), tumor size, location, displace-
ment or invasion of the surrounding neurovascular
structures by the lesion, and finally – but probably

most importantly – the surgeon’s experience and
comfort level with various approaches. There have
been recent publications on purely endoscopic or

Fig. 6 Flow diagram summarizing the workup and management of a newly diagnosed pineal region mass
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endoscopically assisted resection of pineal tumors.
This new technique is still in its infancy, but we
anticipate it gaining more traction in the coming
years (Shahinian and Ra 2013; Zaidi et al. 2015;
Felbaum et al. 2016; Gu et al. 2016; Liu 2016).

The technical aspects of each open approach
are beyond the scope of this chapter, but we
provide a discussion on some of the advantages
and disadvantages of the three main approaches –
supracerebellar-infratentorial, occipital-trans-
tentorial, and posterior-transcallosal. The supra-
cerebellar-infratentorial approach allows a
midline approach to pineal region pathology, but
it may be difficult to reach tumors that have sig-
nificant components laterally, anteriorly into the
third ventricle, or above the tentorial incisura
(Kalani et al. 2016). The angle of the approach is
dictated by the angle of the tentorium, thereby
making this approach difficult, if the torcula is
low with a steep tentorium. At least one or more
bridging cerebellar veins (i.e., precentral) need to
be sacrificed, and the cerebellum may need to be
retracted, but retraction can be limited if the child
is in a seated position. Ergonomically, it can be a
long and uncomfortable reach for the surgeon,
with the internal cerebral veins often being at the
farthest point along the operative corridor.
Although the sitting position helps with cerebellar
retraction, there are a number of disadvantages,
most notably venous air embolism, and it is not
commonly used in children.

The occipital-transtentorial approach is best
suited for midline pineal pathology directed pre-
dominantly in the anteroposterior axis – particu-
larly tumors with significant subsplenial or
retrosplenial portions – and does not require sac-
rifice of any bridging veins. However, the initial
operative window is small and often requires
sectioning of the tentorium (which may harbor
venous lakes), contralateral access may be limited
by the falx cerebri, and homonymous hemia-
nopsia may occur as a result of brain retraction
(Clark and Spetzler 2013). Gravity may assist in
brain retraction, if the patient is positioned later-
ally or in the ¾ prone position, but this may make
it more difficult for an assistant to participate
compared with the prone position where the pri-
mary surgeon and assistant can work across from

each other (180�) using “four-hand technique”
(Ausman et al. 1988; Brotchi et al. 1991;
Sonabend et al. 2016).

The posterior-transcallosal approach is the
least well-known of the three approaches. It
allows wide access to all three dimensions
(anterior-posterior, superior-inferior, lateral)
while gaining early identification and control of
the internal cerebral veins, which are always
displaced superiorly with pineal pathology.
These factors are especially important for fibrous
tumors (i.e., teratomas) and vascular tumors that
require more expanded operative working angles.
The patient is positioned supine with the head
flexed so the drawbacks of the prone position are
avoided. However, disadvantages include the
possible need to sacrifice one or more bridging
cortical veins in order to gain access to the
interhemispheric corridor, retraction of eloquent
cortex (supplementary motor cortex or primary
motor cortex), disconnection syndrome as a result
of incising the posterior corpus callosum, and
short-term memory deficit due to the interfor-
niceal working corridor.

Adjuvant Therapy

The main chemotherapy agents used for
pineoblastoma and germ cell tumors – both pure
germinoma and mixed germ cell tumors – are
cisplatin, carboplatin, etoposide (VP 16), ifos-
famide, cyclophosphamide, and bleomycin, the
latter falling out of favor due to pulmonary toxic-
ity. In general, the patient undergoes four to six
cycles of chemotherapy.

Tumors originating from the pineal region
have varied propensities for recurrence and
patterns of dissemination and as such require cus-
tomized application of radiotherapy dose, vol-
ume, and treatment techniques to maximize the
therapeutic ratio in children and adolescents.
While pineoblastoma and mixed germ cell tumors
uniformly require craniospinal radiotherapy,
germinomas require more customized treatment
strategies that may include regional (whole ven-
tricular radiotherapy) or craniospinal radiotherapy
in combination with focal radiation (Parikh et al.
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2017; Chintagumpala et al. 2009; Merchant et al.
1998; Merchant et al. 2000; Aoyama et al. 2002).
PPTID has varied metastatic potential, and as such
decision-making surrounding the use of
craniospinal versus focal radiotherapy is often
made after taking into account complete staging
information and thorough review of tumor grade.
PTPR may require conformal radiotherapy, but
the optimal clinical conditions remain poorly
defined for achieving the best clinical outcomes
given the rarity of this disease (Fauchon et al.
2013). Tectal gliomas are frequently candidates
for observation given the low risk for progression,
and radiotherapy is infrequently applied only after
recurrence following other therapy (Kershenovich
et al. 2016).

Outcome

The outcomes of all the potential tumors within
the pineal region are beyond the scope of this
chapter, but here we provide some generalizations
for the more common pediatric pathologies.
Pathology, age, and extent of disease are the
main determinants of survival. As previously
mentioned, patients with germinoma – even met-
astatic germinoma – have excellent long-term sur-
vival but less so with non-germinomatous germ
cell tumors.Mature teratomas, whether alone or as
part of a growing teratoma syndrome, are purely a
surgical disease, and therefore all efforts should be
directed at achieving a gross total resection.
Immature teratomas require multimodal therapy,
of which maximal resection is integral. Embryo-
nal tumors (i.e., ATRT, pineoblastoma, and
embryonal tumor with multilayered rosettes)
should also be approached with the goal being
complete resection, particularly in nonmetastatic
cases, but will also require further therapy.

Conclusion

Pineal tumors remain a very challenging entity for
pediatric neurosurgeons. The three main tasks
before the neurosurgeon are to manage hydro-
cephalus, make a diagnosis, and resect the

tumor, if necessary. There is a wide spectrum of
pineal tumors, which can be categorized as germ
cell, pineal parenchymal, embryonal, and all
others. ETV is the initial treatment of choice as it
allows treatment of hydrocephalus, CSF for germ
cell markers, and possible tumor biopsy.
Non-germinomatous germ cell tumors and
germinomas are nonsurgical neoplasms, but all
others will require resection. Each surgical
approach has advantages and disadvantages and
needs to be carefully selected based on the goal of
surgery and one of the features of the tumor and
surrounding neurovascular structures.
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