Neurosurgical Review (2021) 44:1417-1427
https://doi.org/10.1007/510143-020-01323-1

ORIGINAL ARTICLE

®

Check for
updates

Management of pineal region tumors in a pediatric case series

Matthias Schulz’ - Melissa Afshar-Bakshloo' - Arend Koch? - David Capper? - Pablo Hernaiz Driever? - Anna Tietze* -
Arne Griin® - Ulrich-Wilhelm Thomale’

Received: 24 March 2020 /Revised: 23 April 2020 / Accepted: 20 May 2020 / Published online: 6 June 2020
© The Author(s) 2020

Abstract

Pineal region tumors commonly present with non-communicating hydrocephalus. These heterogeneous histological entities require
different therapeutic regimens. We evaluated our surgical experience concerning procurance of a histological diagnosis, management
of hydrocephalus, and choice of antitumoral treatment. We analyzed the efficacy of neuroendoscopic biopsy and endoscopic third
ventriculocisternostomy (ETV) in patients with pineal region tumors between 2006 and 2019 in a single-center retrospective cross-
sectional study with regard to diagnostic yield, hydrocephalus treatment, as well as impact on further antitumoral management. Out of
28 identified patients, 23 patients presented with untreated hydrocephalus and 25 without histological diagnosis. One patient underwent
open biopsy, and 24 received a neuroendoscopic biopsy with concomitant hydrocephalus treatment if necessary. Eighteen primary
ETVs, 2 secondary ETVs, and 2 ventriculoperitoneal shunts (VPSs) were performed. Endoscopic biopsy had a diagnostic yield of
95.8% (23/24) and complication rates of 12.5% (transient) and 4.2% (permanent), respectively. ETV for hydrocephalus management
was successful in 89.5% (17/19) with a median follow-up of more than 3 years. Following histological diagnosis, 8 patients (28.6%)
underwent primary resection of their tumor. Another 9 patients underwent later-stage resection after either adjuvant treatment (n = 5) or
for progressive disease during observation (n = 4). Eventually, 20 patients received adjuvant treatment and 7 were observed after
primary management. One patient was lost to follow-up. Heterogeneity of pineal region tumor requires histological confirmation.
Primary biopsy of pineal lesions should precede surgical resection since less than a third of patients needed primary surgical resection
according to the German pediatric brain tumor protocols. Interdisciplinary decision making upfront any treatment is warranted in order
to adequately guide treatment.
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Tumors of the pineal region constitute only 2.8-11% of all
brain tumors in children and adolescents and yet represent a
challenge in terms of diagnosis and treatment [24]. This is not
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only due to the high diversity of tumor entities including pi-
neal parenchymal tumors, germ cell tumors (GCTs), and tu-
mors arising from neuroectodermal tissue as major subgroups
but also due to the deep-seated anatomical location and prox-
imity to eloquent structures [22, 32, 35]. Moreover, the ana-
tomical relation of the pineal gland to the aqueduct and the
risk of obstruction by a space-occupying mass dispose pa-
tients to non-communicating hydrocephalus as a presenting
clinical sign, which needs to be considered for the surgical
strategy. Depending on the histological diagnosis, not all pa-
tients may require surgical resection as first-line treatment.
Thus, as a first therapeutic step, treatment of the non-
communicating hydrocephalus may be performed along with
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an establishment of the histological diagnosis to guide further
management. Surgical options for biopsy are a stereotactic,
endoscopic, or open microsurgical approach, while only the
latter two options enable concomitant hydrocephalus treat-
ment. Moreover, the combination of a typical tumorous lesion
of the pineal region and the laboratory findings of elevated
alpha fetoprotein (AFP) and beta human choriogonadotropin
(B-HCG) in either serum or cerebrospinal fluid establishes the
diagnosis of a secreting germ cell tumor. In this situation,
according to the respective guidelines, no further histological
confirmation is necessary [5]. Nevertheless, secreting mixed
germ cell tumors do represent complex neoplasms which may
warrant surgical therapy during the course of treatment.

Of the possible options, the neuroendoscopic approach
may be advantageous to simultaneously obtain a histological
diagnosis and to treat non-communicating hydrocephalus if
present and has evolved to be our preferred approach to a
newly diagnosed pineal region tumor. The aim of the current
retrospective study was to evaluate (a) the efficacy of the
selected neuroendoscopic biopsy with regard to its diagnostic
yield and accuracy and (b) the course of the subsequent ther-
apeutic management (surgical resection vs. observation vs.
chemotherapy/radiation therapy) once the histology of the pi-
neal region tumor was confirmed.

Patients and methods

We performed a retrospective cross-sectional analysis of our
database of the pediatric neurosurgical department to identify
all patients with tumors located in the pineal region and those
who underwent surgical treatment between January 2006 and
January 2019. The medical records, surgical notes, and all
available radiological imaging were reviewed to identify pre-
senting symptoms, type of surgical procedure, possible com-
plications, histological findings, and further surgeries during
follow-up. Furthermore, all available information about adju-
vant chemotherapy and/or radiation therapy and patients’ clin-
ical condition at the time of final analysis was collected.
Retrospective data collection was approved by the local ethics
committee.

Technique of biopsy

Specifically, the techniques for initial biopsy as well as the
type and success of hydrocephalus treatment were evaluated.
If an endoscopic treatment for hydrocephalus was indicated, it
was mainly aimed to acquire a biopsy in the same procedure
as well. Since mostly endoscopic biopsy was performed si-
multaneously to an endoscopic third ventriculostomy (ETV)
via a single burr hole, the surgical technique is briefly de-
scribed. To define the burr hole localization to reach both
targets without major manipulation at the level of the foramen
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of Monro, the mean entry point between both optimal entries
for the floor of the third ventricle and the tumor within the
third ventricles was calculated. Therefore, the targets were
connected through the foramen of Monro and the resulting
trajectory was elongated towards the skull convexity. Thus,
an anterior entry point was defined to reach the tumor and a
posterior, pericoronal entry point was defined to be optimal to
reach the floor of the third ventricle. Calculating the exact
midpoint between both entry points on the convexity results
in the optimal single-burr hole localization to reach both tar-
gets with a rigid endoscope [8, 16]. Navigated endoscopy
enabled accurate planning as well as accurate execution of
the procedure. Since the endoscope (Minop, Aesculap,
Germany) includes the working channel anterior to the optic,
it was introduced in the third ventricle in opposite orientation
in order to bring the working channel as close as possible
towards the target, respectively (Fig. 1).

Treatment protocol

All patients were registered and treated along treatment pro-
tocols that included chemotherapy and/or irradiation and were
approved by the German Society of Pediatric Oncology and
Hematology (GPOH) and the German “Hirntumornetzwerk
fiir Kinder und Jugendliche” (HIT). The respective treatment
protocols are given as indicated. The indication for surgical
resection was determined by a multidisciplinary team decision
depending on the specific histological diagnosis according to
its respective treatment protocol as either primary treatment
(teratoma, low-grade glioma), before chemotherapy (high-
grade glioma), or after neoadjuvant chemotherapy (malignant
or mixed germ cell tumor, malignant pineal parenchymal tu-
mor). No surgical resection is indicated in pure germinoma.

The extent of resection was graded as gross total resection
(GTR, no obvious residual on postoperative magnetic reso-
nance imaging (MRI)), subtotal resection (STR, maximal re-
sidual tumor less than 1.5 crnz), partial resection (PR, residual
tumor larger than 1.5 cm?), and extended biopsy (no signifi-
cant change in tumor size).

The stage of treatment outcome at the time of last follow-up
was evaluated as complete remission (CR), stable disease
(SD), progressive disease (PD), or death.

Results

We identified a total of 28 pediatric patients (13 females) with
a pineal region tumor that were surgically treated at the pedi-
atric neurosurgical department at Charité-Universitdtsmedizin
Berlin. The median age at diagnosis was 12 years and 4
months (range 5 months to 17 years and 5 months) with a
median follow-up of 4 years and 1 month (range 1 month to
12 years).
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Fig. 1 Neuroendoscopic biopsy and third ventriculostomy. a Planning of
two ideal trajectories, both through the foramen of Monro to the floor of
the third ventricle and the pineal region tumor. The bisecting trajectory is
the resulting trajectory into the ventricular system. b Intraoperative view
of the right foramen of Monro with the superimposed trajectories to the

At the time of first referral to our department, the histolog-
ical diagnosis was established in 3 patients (10.7%; one
pilocytic astrocytoma (PA), one mixed malignant germ cell
tumor, and one choriocarcinoma) via stereotactic, open, and
endoscopic biopsy procedures at the referring hospital, respec-
tively. For the remaining 25 patients (89.3%), no previous
diagnostic intervention was performed. At the time of first
presentation, 23 patients (82.1%) had clinical and radiological
signs of non-communicating hydrocephalus. At referral, two
patients were already treated with implantation of a
ventriculoperitoneal shunt (VPS). Of those, one patient re-
ceived the VP shunt previously during infancy due to post-
hemorrhagic hydrocephalus; the pineal region tumor was
identified during routine MRI. The other patient was treated
acutely with significant symptoms of non-communicating hy-
drocephalus caused by the pineal region mass. All other pa-
tients underwent a diagnostic MRI because of newly devel-
oped symptoms that finally led to the diagnosis of a pineal
lesion. Clinical symptoms consisted of headaches in 19 of 25
(76.0%), nausea and vomiting in 18 of 25 (72.0%), gaze palsy

floor and the pineal region. ¢ Performing of an endoscopic third
ventriculostomy. d Intraoperative view of the pineal region tumor
(histology: germinoma) with superimposed preplanned target area
(augmented reality—SCOPIS Neuro Navigation, Stryker)

in 12 of 25 (48.0%), impaired visual acuity 7 of 25 (28.0%),
and motor symptoms or ataxia 5 of 15 (20.0%).

Primary surgical intervention

All patients without preexisting histological diagnosis (n =25)
underwent primarily a biopsy of their lesion, which was per-
formed along with concomitant treatment of the non-
communicating hydrocephalus if present. For 12 patients, pre-
operative serum and CSF levels of pineal tumor markers (AFP
and 3-HCG) were collected. Of those, 10 were negative, but
elevated in 2 patients. In 6 patients, only serum levels of AFP
and 3-HCG were available, which were within the normal
range, while in 7 patients, no preoperative tumor markers were
available. Out of 25 patients, two patients without hydroceph-
alus were AFP and (3-HCG negative in serum and CSF but
confirmed to have a germinoma by biopsy. All other patients
presented with non-communicating hydrocephalus in whom a
surgical intervention was indicated. Of those, two patients
with elevated CSF levels of AFP and 3-HCG were
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histologically diagnosed as malignant teratoma and mixed
malignant germ cell tumor, respectively.

An initial ETV together with endoscopic biopsy was per-
formed in 14 patients, an ETV with placement of a stent
through the floor of the third ventricle into the prepontine
cistern (stented ETV (sETV)) [34] and endoscopic biopsy in
4 patients, while the placement of an external ventricular drain
(EVD) and endoscopic biopsy were done in 2 patients. The
placement of a VPS and endoscopic biopsy were performed in
2 patients (one infant and one tumor occluding the third ven-
tricle), an endoscopic biopsy alone was performed in 2 pa-
tients, and a parietal craniotomy with transventricular ap-
proach led to open biopsy in 1 patient. The latter patient was
the first patient of this series.

Diagnostic and accuracy rate of biopsy

Biopsies of the pineal lesion were successful to establish a
histological diagnosis in 24 of 25 patients (96.0%).
Excluding the open biopsy via craniotomy, the success rate
of endoscopic biopsy to yield a histological result was 23 of
24 (95.8%). For one patient (4.2%) with non-diagnostic endo-
scopic biopsy but successfully treated hydrocephalus, a ste-
reotactic biopsy was needed, which established a histological
diagnosis.

For the newly biopsied pineal lesions, histological diagno-
ses according to the WHO classification of central nervous
system tumors were as follows: 4 pineal parenchymal tumors
(1 papillary tumor of the pineal region, 1 pineal anlage tumor,
2 pineoblastoma), 8 GCTs (4 germinoma, 3 mixed malignant
germ cell tumor, 1 malignant teratoma), 12 glial tumors (2
ganglioglioma, 2 pilocytic astrocytoma, 2 low-grade astroglial
tumor, 1 diffuse astrocytoma, 3 anaplastic astrocytoma, 1
H3K27-mutated midline glioma, 1 glioblastoma multiforme),
and 1 ependymal cyst (Table 1).

The initial endoscopic biopsy was followed by a subsequent
tumor resection in 13 of 24 patients (54.2%) during the whole
follow-up, thereby giving the opportunity for a second tissue
sample to reconfirm or adjust the result of the first endoscopic
biopsy. The second histological diagnosis matched the result of
the first in 12 out of 13 cases which results in a 92.3% accuracy
rate of the primary neuroendoscopic biopsy. In one patient, the
diagnosis “malignant tumor without specification™ after endo-
scopic biopsy was eventually specified towards a WHO grade
III anaplastic astrocytoma after microsurgical resection.

Complications of primary surgical intervention to
establish a diagnosis

The endoscopic biopsy procedures led to complications in 4 of 24
patients. Three transient events occurred (minor morbidity, 12%):
deranged sodium levels necessitating medical treatment in two
cases and temporary, postoperative strabism in one case. A
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permanent postoperative morbidity rate of 4% after the primary
intervention (major morbidity) was observed in one patient with a
postoperative strabism requiring a later operative correction.

Subsequent tumor treatment (Fig. 2)

After initial histological confirmation, 8 patients (7 newly diag-
nosed entities and 1 known entity) underwent craniotomy and
tumor resection either via a supracerebellar-infratentorial (n =
2), a frontal transcallosal-transchoroidal (n = 2), or a parietal-
transventricular (n = 4) approach after a median of 11 days
(range 3 to 39 days) after biopsy, because surgery was decided
to be the primary and best treatment option (1 papillary tumor
of the pineal region, 1 pineoblastoma, 1 mixed malignant germ
cell tumor, 1 malignant teratoma, 1 pilocytic astrocytoma, 2
anaplastic astrocytoma, and 1 H3K27-mutated midline glioma).
The primary resected mixed germ cell tumor was one of the
referred patients with an initial, externally established diagnosis
of a teratoma. Only after the gross total resection, the final
neuropathological diagnosis of a mixed malignant germ cell
tumor was made. For the patient with pilocytic astrocytoma, a
spontaneous hemorrhage into the tumor necessitated resection
39 days after initial biopsy. One patient with an anaplastic as-
trocytoma underwent 2 further resections via altering ap-
proaches. Following surgery, the patient with the pilocytic as-
trocytoma was only observed, while all others received chemo-
therapy and radiation according to the respective treatment pro-
tocol (for malignant teratoma, CWS/MAKEI; for anaplastic
astrocytoma, HIT-GBM-D; for pineal anlage tumor, [-HIT-
MED Guidance; for papillary tumor of the pineal region,
SIOP LGG 2004; for mixed malignant germ cell tumor, SIOP
CNS-GCT 1D).

Five patients (one pineal anlage tumor, one choriocarcino-
ma, and three mixed malignant GCTs) received neoadjuvant
chemotherapy after biopsy and underwent later-stage resection
via craniotomy after a median of 2 months (range 2 to 3
months) in accordance with the respective treatment protocol.
The surgical resection was followed by continuation of chemo-
therapy and radiation according to the protocol (SIOP CNS-
GCT II or I-HIT-MED Guidance). Six patients (4 with
germinoma and 2 patients with malignant gliomas—not suit-
able for resection) started chemotherapy and radiation accord-
ing to the respective protocol (SIOP CNS-GCT II and HIT
HGG 2007). One patient with a disseminated pineoblastoma
after primary bilateral retinoblastoma received individualized
chemotherapy, i.e., 6 cycles of systemic neuroblastoma proto-
col cycles (vindesine, cisplatin, etoposide) plus intrathecal
etoposide followed by craniospinal irradiation and local boost.
The following maintenance therapy consisting of oral
trofosfamide, etoposide, and idarubicin was terminated early
as the patient suffered from a second local and disseminated
relapse 13 months after diagnosis of relapse, treated with tem-
ozolomide, irinotecan, sirolimus, and dasatinib.
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Table 1 Tumor histology, biopsy, and patient outcome

Group Entity Biopsy ETV Outcome

Pineal Parenchymal Tumors [n=4, 14%] papillary tumor of the pineal region 1 1 SD n=1
pinealisanlagentumor 1 - SD n=1
pineoblastoma 2 2 [1 shunted] SD n=1; dead n=1

Germ Cell Tumors (GCT) [n=10, 36%] germinoma 4 2 CR n=3; SD n=1
mixed malignant GCT 3[+leb] 3 SD n=3; CR n=1
chorioncarcinoma [leb] - CR n=1
malignant teratoma 1 1 SD n=1

Glial Tumors [n=13, 46%] ganglioglioma 2 1 SD n=2
pilocytic astrocytoma 2 [+leb] 3 SD n=2; PD n=1
low grade astroglial tumor 2 2 SD n=1; PD n=1
diffuse astrocytoma 1 1 SD n=1
anaplastic astrocytoma 3 1 [1 shunted] CR n=1; dead n=2
H3K27 mutated midline glioma 1 1 dead n=1
glioblastoma multiforme 1 1 dead n=1

Ependymal Cyst [n=1, 4%] 1 1 Lost to follow-up

total 25 20 successful ETV: 17/19 (89.5%)

Abbreviations: eb — external biopsy, SD — stable disease, PD — progressive disease, CR — complete remission, £7V — endoscopic third ventriculostomy

Eight patients did not require any immediate surgical treat-
ment but were recommended to be followed with serial MRIs.
One patient with an ependymal cyst was lost to follow-up.
Two patients did not require any intervention during an

Fig. 2 Flow chart of patient
treatment regimen. Of the 28
patients with pineal region tumors
and confirmed histological
diagnosis, only 8 patients (28.6%)
underwent a primary resection.
Due to the heterogeneity of pineal
region tumors, the appropriate
treatment should be determined in
a multidisciplinary approach
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open biopsy
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(n=3)

observation
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after 2, 3, 55, and 61 months. Two of these patients did not
receive any additional treatment after tumor resection. Two
patients underwent a second craniotomy and tumor resection
because of progressive disease 20 and 44 months after first
surgical resection. One patient with a first progression of a
low-grade glioma eventually received chemotherapy (SIOP
LGG protocol) after 6 months of observation. For exemplary
MRIs, see Fig. 3.

Overall resection rate

Overall, 17 patients of the cohort (13 after endoscopic biopsy,
1 after open biopsy, and 3 after biopsy at a referring hospital)
underwent surgical tumor resection during their course of dis-
ease: 8 patients as the first intervention after establishing a
diagnosis, 5 patients as a staged procedure after neoadjuvant
chemotherapy, and 4 patients due to tumor growth on follow-
up MRI after observation strategy. As described above, in 3
patients, more than one surgical resection were performed
(two patients with 2 resections and one patient with 3 resec-
tions) equaling a total number of # = 21 surgical tumor resec-
tion procedures during the observation period. The surgical
approaches for microsurgical resection were parietal-
transventricular (n = 10), supracerebellar-infratentorial (n =
4), and transcallosal-transchoroidal (n = 3), as well as a frontal
transventricular approach for endoscopic resection. The extent
of resection as assessed by postoperative MRI was GTR after
3 procedures, STR after 4 procedures, PR after 9 procedures,
and extended biopsy (EB) only after 5 procedures (of those 3
patients after endoscopic approach).

There was no mortality after surgical resection, but 3 pa-
tients experienced postoperative gaze palsy (immediate com-
plication rate of 14.3%). In 2 of those patients, the postoper-
ative deficit resolved during follow-up, and in the other pa-
tient, it remained unchanged until the patient’s death after 4
months due to rapidly disseminating disease (4.8% permanent
complication rate).

Hydrocephalus treatment during follow-up

Overall, an accompanying non-communicating hydrocepha-
lus was treated with ETV or sETV in 20 patients. Two ETVs
failed and necessitated a VP shunt insertion as mentioned
above, and one patient was lost to follow-up. The ETV suc-
cess rate was thereby 89.5% (17 of 19) after a median obser-
vation of 3 years and 2 months (range 1 month to 8 years and
11 months).

For two patients who were initially treated with endo-
scopic biopsy and EVD, a VP shunt was required for
permanent CSF diversion. One patient who received an
ETV initially needed a VP shunt after resection of an
anaplastic astrocytoma. In one patient, a stented ETV
needed to be advanced in a VP shunt after 1 year and
1 month. Considering 2 patients who received a VP
shunt along with their endoscopic biopsy and two with
previously implanted VP shunts, 8 VP shunts (28.6%)
were implanted in the entire cohort. Of those patients
with a VP shunt, 2 needed additional shunt revisions
during a median follow-up of 3 years (range 3 months
to 12 years).

Fig.3 Representative MR images. a Papillary tumor of the pineal region,
treated with ETV and biopsy, microsurgical supracerebellar infratentorial
resection, radiation, and chemotherapy (outcome: stable disease). b
Disseminated pineoblastoma with involvement of the anterior third
ventricular floor, treated with stented ETV and biopsy (right image
demonstrating the stent in place though the floor of the third ventricle),
radiation, and individualized poly-chemotherapy (outcome: death). ¢
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Pineoblastoma, treated with ETV and biopsy, neoadjuvant chemothera-
py, and transcallosal microsurgical resection, followed by radiation and
chemotherapy (outcome: stable disease). d Mixed malignant germ cell
tumor, transferred after primary biopsy (external hospital), treated by
transcortical, transventricular microsurgical resection; radiation; and che-
motherapy (outcome: complete remission)
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Other neurosurgical procedures during follow-up

One patient with choriocarcinoma who was treated in a
multimodal fashion with chemotherapy and radiation ther-
apy developed multiple cavernomas during surveillance
and underwent craniotomy for a hemorrhagic cavernoma
5 years and 1 month after initial tumor diagnosis.

Overall outcome

The median follow-up for all patients was 4.1 years (range 0.1
to 12 years). One patient with a non-tumorous histology
(ependymal cyst) was lost to follow-up. The latest clinical
status of the remaining 27 patients was CR in 6, SD in 14,
PD in 2, and death in 5 patients (Table 1). Death occurred after
a median of 13 months (range 3 months to 3 years and 11
months) due to tumor progression.

Discussion

Pineal tumors account of approximately 2.8—11% of pediatric
brain tumors [24]. These tumors display a remarkable diver-
sity and histological heterogeneity. According to the tissue of
origin, they are classified as pineal parenchymal tumors (e.g.,
pineocytoma, pineoblastoma), germ cell tumors, and tumors
arising from neuroepithelial tissue [13]. Furthermore, other
non-neoplastic lesions like simple cysts or dysplastic lesions
(e.g., midline lipoma) can be found in the pineal region. This
heterogeneity was again confirmed in our reported pediatric
cohort.

The retrospective review of the cohort revealed the fol-
lowing relevant observations with regard to the introduc-
torily formulated questions: (a) neuroendoscopic biopsy of
pineal region tumors was an efficient and safe procedure to
obtain a histological diagnosis with a diagnostic yield of
95.8% and an accuracy rate of 92.3% and to treat concom-
itant hydrocephalus, and (b) only a minority of patients
(28.6%) underwent primary surgical resection of the pineal
lesion once histology was confirmed; the majority of pa-
tients was referred for observation or for primary chemo-
therapy and radiation therapy.

Neuroendoscopic biopsy and concomitant endoscopic
hydrocephalus treatment

The initial presentation of a child with a newly diagnosed
pineal lesion remains to be a challenging situation. This is
due to the anatomic location in close proximity of various
delicate structures like the deep venous drainage system, the
structures of the midbrain, the posterior third ventricle, and
aqueduct, which accounts for potential surgical morbidity as
well as for the common presentation with non-communicating

hydrocephalus. Furthermore, the histological variety accounts
for the diversity of treatment protocols which may involve a
variable combination of surgical resection, chemotherapy, and
radiation [6, 21, 25].

Therefore, the therapeutic goals for a child with newly
diagnosed pineal region tumors are threefold: treatment of
the accompanying hydrocephalus, establishing a histological
diagnosis, and finally deciding on the optimal treatment pro-
tocol for the pineal tumor. Treatment of hydrocephalus and
the associated elevated intracranial pressure can consist of
extracranial CSF diversion or establishing an internal commu-
nication by an ETV [9, 20]. The confirmation of a histological
diagnosis can also be obtained by an endoscopic procedure,
while stereotactic biopsy represents the possible alternative.
However, a stereotactic biopsy does not resolve any
coexisting hydrocephalus, thus requiring additionally either
an EVD, insertion of a VP shunt, or an ETV in a second
surgical intervention [18, 31]. The success rates of stereotactic
biopsy are reported to be high with a diagnostic yield of 93.7
to 100% [3, 18, 31].

In contrast, an endoscopic approach allows procurance of a
tissue sample and treatment of hydrocephalus during one sur-
gical procedure. The diagnostic yield of an endoscopic biopsy
was reported to be at 81.1 to 100% [2, 3, 28, 33, 37]. In
addition to this diagnostic yield rate, the rate of accordance
of the first histological result after biopsy with the second
histological results after a later resection (or repeated biopsy)
represents the diagnostic accuracy rate [4]. The accuracy rate
is especially of importance in pineal tumors because of their
known heterogeneity with differing histological entities, but
also known heterogeneity within one pineal lesion. A biopsy
taken from one region might not necessarily display all tumor
characteristics, and areas with a more aggressive behavior
might be missed, resulting in selection of a non-appropriate
treatment protocol. The reported diagnostic accuracy for en-
doscopic biopsies is in the range of 50-78.6% [2, 14].
Especially, the subgroup of germ cell tumors includes mixed
pathologies with areas of differing biological behavior.
Accordingly, a low diagnostic accuracy of 50% (3 of 6) after
endoscopic biopsy was reported for this entity [14]. Therefore,
a risk remains that the most malignant portion might be
missed by first biopsy and either repeated biopsy or surgical
resection of residual tumor after initial non-surgical therapy
might become necessary. This option is addressed in the mul-
timodal treatment protocol for germ cell tumors [6].

The diagnostic accuracy for stereotactic biopsy is reported to
be 100% in one series [ 18]. Two analyses comparing endoscop-
ic vs. stereotactic biopsies stated that the stereotactic technique
is “safer and more effective” than the endoscopic approach and
recommended therefore a combination of an endoscopic proce-
dure for hydrocephalus treatment and a stereotactic biopsy to
obtain tissue for diagnosis [3, 4]. However, the analysis of our
series with a 95.8% diagnostic yield, a 92.3% accuracy rate, and
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only 4.2% permanent morbidity does not support this conclu-
sion. This is in keeping with a review of key data of recently
published studies comparing endoscopic and stereotactic biop-
sies of pineal lesions (Table 2). The advantage of the endoscop-
ic approach avoiding a second surgical procedure to treat hy-
drocephalus undoubtedly favors the endoscopic approach. The
89.5% patency rate of the performed ETVs after a median of 3
years and 2 months in our series underlines the potential of this
procedure to efficiently treat the non-communicating hydro-
cephalus during the same surgical intervention. Increasing ex-
perience in endoscopic procedures makes this approach ex-
tremely compelling, as both surgical targets, namely the hydro-
cephalus and the procurement of tissue, are addressed in one
intervention through the same frontal entry point. A crucial
prerequisite for the combined biopsy and third ventriculostomy
via an endoscopic approach with a rigid endoscope is the me-
ticulous planning of the burr hole according to the trajectories to
the floor of the third ventricle and the pineal region tumor. In
this cohort, we determined the angle bisector of the ideal trajec-
tories to both regions of interest in order to identify the ideal
point of entry at the skull surface [15, 16], a method that has
been validated in later studies [8]. The use of a flexible endo-
scope for biopsy and ETV or a combination of flexible and rigid
endoscopes could possibly minimize the tissue manipulation at
the level of the foramen of Monro [33]. However, in the pre-
sented series, no adverse effects or relevant complications at-
tributable to damaged neuronal structures at the foramen of
Monro were seen. In general, the complication rate of this series
is considerably low. The transient derangement of sodium
levels in two patients, both with bilocular germ cell tumors
who presented initially with hydrocephalus and were affecting
the infundibulum and the pituitary stalk, is likely to be caused
by the involvement of the hypothalamus-pituitary axis. Two
patients experienced disturbed gaze and strabismus, which
was temporary in one, but persisting in the other (glial tumor
in subependymal location), resulting in a permanent complica-
tion rate of 4.2%. This is in line with previously reported com-
plication rates (Table 2). In view of the presented patient series
and the reviewed literature, simultaneous ETV and endoscopic
tissue sampling has evolved to be our intervention of first
choice. Stereotactic biopsy is reserved for patients with already
treated hydrocephalus and non-diagnostic endoscopic biopsy
(4.2% in this series).

Biopsy vs. primary resection without biopsy

If a child presents with a newly diagnosed pineal tumor, a
decision has to be made whether to obtain a biopsy first or
to plan a surgical resection via a craniotomy. As an excep-
tion, in the clinical setting of elevated CSF concentration
of AFP and/or 3-HCG in the combination with a typical
radiological appearance of a germ cell tumor on MRI, his-
tological confirmation can be omitted and treatment
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initiated without biopsy. Ongoing progress in the field of
microsurgery has subsequently lowered complication rates
of these complex interventions. There are recent reports
about primary microsurgical resection of pineal tumors
with low experienced complications and improved func-
tion without prior biopsy [10, 12, 17, 29]. In some of those
series, no tumor of the germ cell type group was specifi-
cally mentioned [10, 17]. Still, permanent “minor”
morbidity—double vision, hypacusis, and cerebellar
symptoms—was reported for 13% of patients [10]. The
low prevalence of germ cell tumors in this presumably
adult patient series is in contrast to the 10 of 28 tumors
(35.7%) from this subgroup in our presented series. After
establishing a histological diagnosis, only 28.6% (8 of 28)
of our patient cohort had to undergo primary surgical re-
section as the best possible treatment option as guided by
the German pediatric neuro-oncological network (HIT)
recommendations [11]. For the remaining 71.4%, either
initiation of chemotherapy + radiation or observation is
currently recommended depending on the tumor type.
Thus, a majority of patients would have been exposed to
an inadequate risk of an invasive procedure if the tumor
had been primarily resected. Even after a median observa-
tion of 4 years and 1 month, only 60.1% (17 of 28) of our
patient cohort needed surgical resection. This is in line
with reported rates of necessary surgical resection after
primary endoscopic or stereotactic biopsy with 21-60%
[2, 14, 23, 31, 33]. Based on the data of this presented
pediatric series and on the reviewed publications, primary
resection, without preceding biopsy, cannot be recom-
mended in children. As general guideline, the German
HIT-based indication for resection is given in low-grade
gliomas, teratoma, resectable high-grade glioma, and pap-
illary tumor of the pineal region. The more recent
established neoadjuvant chemotherapy concept is followed
by secondary resection and would be suitable in mixed cell
or malignant germ cell tumors, pineoblastoma, and tumors
of the pineal region in infancy in order to limit surgical
morbidity. No surgical indication would be given in pure
germinoma and non-resectable-high grade or H3K27M gli-
oma. Apart from this guideline, indication for pineal tumor
surgery is also based on the local mass effect and clinical
condition of the patient, respectively.

The surgical resection achieved a combined gross total or
subtotal resection rate of 33% and a partial resection rate of
43% in this cohort. The complication rate of 14.3% for surgi-
cal resection procedures is comparable to recently published
series with rates between 9.7 and 24% [1, 10, 19, 30, 38].
Thereby, long-term morbidity for the patients could be
avoided in order to preserve long-term quality of life. Thus,
resection strategy and its applied risk in this cohort are based
on the feasibility of resection mainly defined by the tissue
texture and its bleeding characteristic, which was set in the
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context to the availability and application of the described
multimodal therapeutic approach. For a few patients, a pure
endoscopic resection of tumor parts has been applied in this
series, mainly for patients with residual disease after neoadju-
vant therapy and for intraventricular parts of intrinsic gliomas.
Although currently the achievable degree of resection with a
purely endoscopic technique may still be limited, significant
improvement with advancement of endoscopic ultrasound as-
pirators and guiding technology have been described and are
further developed to minimize the surgical approach and pos-
sibly the risk of a procedure [7, 26, 27, 36].

Limitation

The analysis of our presented patient series might be less
representative due to the relatively limited group size because
of the low incidence of pineal region tumors even in a large
volume pediatric neurosurgical unit. Furthermore, the hetero-
geneity of the treated pineal region tumors and small numbers
of each histological entity will not allow significant conclu-
sions about the long-term prognosis and survival.

Conclusions

The presented data constitute a series of pediatric patients with
different subtypes of pineal region tumors presenting with
non-communicating hydrocephalus in the majority of cases.
We have shown that endoscopic tumor biopsies are safe and
yield high diagnostic accuracy rates that are comparable to
previously reported results of stereotactic biopsy. The endo-
scopic approach offers, however, the simultaneous treatment
of the non-communicating hydrocephalus. Considering the
fact that less than a third of patients needed primary surgical
resection once the histological diagnosis was confirmed, our
results suggest that a primary biopsy of pineal lesions should
precede attempted surgical resection in children. Primary sur-
gical resection without biopsy would expose a significant pro-
portion of patients of this series (71.4%) to an unnecessary
risk.

It will be necessary to perform prospective multicenter col-
lection focusing on surgical strategies of these tumors in order
to acquire more solid data.

Funding Information Open Access funding provided by Projekt DEAL.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Ethical approval For this retrospective study, an approval was given by
the institutional ethics committee (EA2/132/17).

@ Springer

Informed consent A consent for clinical data analysis in the context of
German HIT network research was given by the patients and family. No
individual consent is applicable due to the retrospective design of this
study.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing, adap-
tation, distribution and reproduction in any medium or format, as long as
you give appropriate credit to the original author(s) and the source, pro-
vide a link to the Creative Commons licence, and indicate if changes were
made. The images or other third party material in this article are included
in the article's Creative Commons licence, unless indicated otherwise in a
credit line to the material. If material is not included in the article's
Creative Commons licence and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Abecassis 1J, Hanak B, Barber J, Mortazavi M, Ellenbogen RG
(2017) A single-institution experience with pineal region tumors:
50 tumors over 1 decade. Oper Neurosurg (Hagerstown) 13:566—
575. https://doi.org/10.1093/ons/opx038

2. Ahmed Al, Zaben MJ, Mathad NV, Sparrow OC (2015)
Endoscopic biopsy and third ventriculostomy for the management
of pineal region tumors. World Neurosurg 83:543-547. https://doi.
org/10.1016/j.wneu.2014.11.013

3. Balossier A, Blond S, Touzet G, Lefranc M, de Saint-Denis T,
Maurage CA, Reyns N (2015) Endoscopic versus stereotactic pro-
cedure for pineal tumour biopsies: comparative review of the liter-
ature and learning from a 25-year experience. Neurochirurgie 61:
146—154. https://doi.org/10.1016/j.neuchi.2014.06.002

4. Balossier A, Blond S, Reyns N (2016) Endoscopic versus stereo-
tactic procedure for pineal tumor biopsies: focus on overall efficacy
rate. World Neurosurg 92:223-228. https://doi.org/10.1016/j.wneu.
2016.03.088

5. Calaminus G, Andreussi L, Garre ML, Kortmann RD, Schober R,
Gobel U (1997) Secreting germ cell tumors of the central nervous
system (CNS). First results of the cooperative German/Italian pilot
study (CNS sGCT). Klin Padiatr 209:222-227. https://doi.org/10.
1055/5-2008-1043954

6. Calaminus G, Frappaz D, Kortmann RD, Krefeld B, Saran F,
Pietsch T, Vasiljevic A, Garre ML, Ricardi U, Mann JR, Gobel
U, Alapetite C, Murray MJ, Nicholson JC (2017) Outcome of pa-
tients with intracranial non-germinomatous germ cell tumors-
lessons from the SIOP-CNS-GCT-96 trial. Neuro Oncol 19:
1661-1672. https://doi.org/10.1093/neuonc/nox122

7. Cinalli G, Imperato A, Mirone G, Di Martino G, Nicosia G,
Ruggiero C, Aliberti F, Spennato P (2017) Initial experience with
endoscopic ultrasonic aspirator in purely neuroendoscopic removal
of intraventricular tumors. Journal of Neurosurgery Pediatrics 19:
325-332. https://doi.org/10.3171/2016.10.PEDS16352

8. Eastwood KW, Bodani VP, Drake JM (2016) Three-dimensional
simulation of collision-free paths for combined endoscopic third
ventriculostomy and pineal region tumor biopsy: implications for
the design specifications of future flexible endoscopic instruments.
Oper Neurosurg (Hagerstown) 12:231-238. https://doi.org/10.
1227/NEU.0000000000001177

9. El-Ghandour NM (2011) Endoscopic third ventriculostomy versus
ventriculoperitoneal shunt in the treatment of obstructive hydro-
cephalus due to posterior fossa tumors in children. Childs Nerv
Syst 27:117-126. https://doi.org/10.1007/s00381-010-1263-2


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1093/ons/opx038
https://doi.org/10.1016/j.wneu.2014.11.013
https://doi.org/10.1016/j.wneu.2014.11.013
https://doi.org/10.1016/j.neuchi.2014.06.002
https://doi.org/10.1016/j.wneu.2016.03.088
https://doi.org/10.1016/j.wneu.2016.03.088
https://doi.org/10.1055/s-2008-1043954
https://doi.org/10.1055/s-2008-1043954
https://doi.org/10.1093/neuonc/nox122
https://doi.org/10.3171/2016.10.PEDS16352
https://doi.org/10.1227/NEU.0000000000001177
https://doi.org/10.1227/NEU.0000000000001177
http://creativecommons.org/licenses/by/4.0/

Neurosurg Rev (2021) 44:1417-1427

1427

10.

11.

12.

13.

16.

18.

20.

21.

22.

23.

24.

Fedorko S, Zweckberger K, Unterberg AW (2018) Quality of life
following surgical treatment of lesions within the pineal region. J
Neurosurg 130:28-37. https://doi.org/10.3171/2017.7.INS17260
Fruhwald MC, Rutkowski S (2011) Tumors of the central nervous
system in children and adolescents. Dtsch Arztebl Int 108:390-397.
https://doi.org/10.3238/arztebl.2011.0390

Hernesniemi J, Romani R, Albayrak BS, Lehto H, Dashti R,
Ramsey C 3rd, Karatas A, Cardia A, Navratil O, Piippo A, Fujiki
M, Toninelli S, Niemela M (2008) Microsurgical management of
pineal region lesions: personal experience with 119 patients. Surg
Neurol 70:576-583. https://doi.org/10.1016/j.surneu.2008.07.019
Hirato J, Nakazato Y (2001) Pathology of pineal region tumors. J
Neurooncol 54:239-249. https:/doi.org/10.1023/a:1012721723387
Kinoshita Y, Yamasaki F, Tominaga A, Saito T, Sakoguchi T,
Takayasu T, Usui S, Sugiyama K, Arita K, Kurisu K (2017)
Pitfalls of neuroendoscopic biopsy of intraventricular germ cell
tumors. World Neurosurg 106:430-434. https://doi.org/10.1016/j.
wneu.2017.07.013

Knaus H, Abbushi A, Hoffimann KT, Schwarz K, Haberl H, Thomale
UW (2009) Measurements of burr-hole localization for endoscopic
procedures in the third ventricle in children. Childs Nerv Syst 25:
293-299. https://doi.org/10.1007/s00381-008-0712-7

Knaus H, Matthias S, Koch A, Thomale UW (2011) Single burr
hole endoscopic biopsy with third ventriculostomy-measurements
and computer-assisted planning. Childs Nerv Syst 27:1233-1241.
https://doi.org/10.1007/s00381-011-1405-1

Kodera T, Bozinov O, Surucu O, Ulrich NH, Burkhardt JK,
Bertalanffy H (2011) Neurosurgical venous considerations for tu-
mors of the pineal region resected using the infratentorial
supracerebellar approach. J Clin Neurosci 18:1481-1485. https://
doi.org/10.1016/j.jocn.2011.02.035

Lefranc M, Touzet G, Caron S, Maurage CA, Assaker R, Blond S
(2011) Are stereotactic sample biopsies still of value in the modern
management of pineal region tumours? Lessons from a single-de-
partment, retrospective series. Acta Neurochir (Wien) 153:1111—
1121; discussion 1121-1112. https://doi.org/10.1007/s00701-010-
0936-7

Li D, Wen R, Gao Y, Xu Y, Xiong B, Gong F, Wang W (2020)
Pineal region gliomas: a single-center experience with 25 cases.
World Neurosurg 133:e6—¢17. https://doi.org/10.1016/j.wneu.
2019.06.189

Lu L, Chen H, Weng S, Xu Y (2019) Endoscopic third
ventriculostomy versus ventriculoperitoneal shunt in patients with
obstructive hydrocephalus: meta-analysis of randomized controlled
trials. World Neurosurg 129:334-340. https://doi.org/10.1016/j.
wneu.2019.04.255

Magrini S, Feletti A, Marton E, Longatti P (2013) Gliomas of the
pineal region. J Neurooncol 115:103—111. https://doi.org/10.1007/
s11060-013-1200-9

Matsuo S, Baydin S, Gungor A, Miki K, Komune N, Kurogi R,
lihara K, Rhoton AL Jr (2017) Midline and off-midline
infratentorial supracerebellar approaches to the pineal gland. J
Neurosurg 126:1984-1994. https://doi.org/10.3171/2016.7.
INS16277

Morgenstern PF, Osbun N, Schwartz TH, Greenfield JP, Tsiouris
AlJ, Souweidane MM (2011) Pineal region tumors: an optimal ap-
proach for simultaneous endoscopic third ventriculostomy and bi-
opsy. Neurosurg Focus 30:E3. https://doi.org/10.3171/2011.2.
FOCUS10301

Mottolese C, Szathmari A, Beuriat PA (2015) Incidence of pineal
tumours. A review of the literature. Neurochirurgie 61:65—69.
https://doi.org/10.1016/j.neuchi.2014.01.005

25.

26.

217.

28.

29.

30.

31

32.

33.

34.

3s.

36.

37.

38.

Mynarek M, Pizer B, Dufour C, van Vuurden D, Garami M,
Massimino M, Fangusaro J, Davidson T, Gil-da-Costa MJ, Sterba
J, Benesch M, Gerber N, Juhnke BO, Kwiecien R, Pietsch T, Kool
M, Clifford S, Ellison DW, Giangaspero F, Wesseling P, Gilles F,
Gottardo N, Finlay JL, Rutkowski S, von Hoff K (2017) Evaluation
of age-dependent treatment strategies for children and young adults
with pineoblastoma: analysis of pooled European Society for
Paediatric Oncology (SIOP-E) and US Head Start data. Neuro
Oncol 19:576-585. https://doi.org/10.1093/neuonc/now234
Niccolini M, Castelli V, Diversi C, Kang B, Mussa F, Sinibaldi E
(2016) Development and preliminary assessment of a robotic plat-
form for neuroendoscopy based on a lightweight robot. Int ] Med
Robot 12:4-17. https://doi.org/10.1002/rcs.1638

Oertel J, Krauss JK, Gaab MR (2008) Ultrasonic aspiration in
neuroendoscopy: first results with a new tool. J Neurosurg 109:
908-911. https://doi.org/10.3171/INS/2008/109/11/0908

Oertel J, Linsler S, Emmerich C, Keiner D, Gaab M, Schroeder H,
Senger S (2017) Results of combined intraventricular
neuroendoscopic procedures in 130 cases with special focus on
fornix contusions. World Neurosurg 108:817-825. https:/doi.org/
10.1016/j.wneu.2017.09.045

Oliveira J, Cerejo A, Silva PS, Polonia P, Pereira J, Vaz R (2013)
The infratentorial supracerebellar approach in surgery of lesions of
the pineal region. Surg Neurol Int 4:154. https://doi.org/10.4103/
2152-7806.122504

Pettorini BL, Al-Mahfoud R, Jenkinson MD, Avula S, Pizer B,
Mallucci C (2013) Surgical pathway and management of pineal
region tumours in children. Childs Nerv Syst 29:433-439. https://
doi.org/10.1007/s00381-012-1954-y

Quick-Weller J, Lescher S, Baumgarten P, Dinc N, Bruder M,
Weise L, Seifert V, Marquardt G (2016) Stereotactic biopsy of
pineal lesions. World Neurosurg 96:124—128. https://doi.org/10.
1016/j.wneu.2016.04.130

Rhoton AL Jr (2000) Tentorial incisura. Neurosurgery 47:S131—
S153. https://doi.org/10.1097/00006123-200009001-00015

Roth J, Constantini S (2015) Combined rigid and flexible endosco-
py for tumors in the posterior third ventricle. J Neurosurg 122:
1341-1346. https://doi.org/10.3171/2014.9.JNS141397

Schulz M, Spors B, Thomale UW (2015) Stented endoscopic third
ventriculostomy-indications and results. Childs Nerv Syst 31:
1499-1507. https://doi.org/10.1007/s00381-015-2787-2

Simon E, Afif A, M’Baye M, Mertens P (2015) Anatomy of the
pineal region applied to its surgical approach. Neurochirurgie 61:
70-76. https://doi.org/10.1016/j.neuchi.2013.11.008

Spennato P, Aliberti F, Colaleo F, Mirone G, Di Martino G, Cinalli
G (2018) Endoscopic ultrasonic aspiration of brain abscess. Childs
Nerv Syst 34:1579—1582. https://doi.org/10.1007/s00381-018-
3861-3

Torres-Corzo JG, Islas-Aguilar MA, Cerecedo-Lopez CD (2018)
Flexible neuroendoscopic diagnosis and management of ventricular
tumors: a retrospective cohort study. World Neurosurg 118:¢707—
¢712. https://doi.org/10.1016/j.wneu.2018.07.023

Xin C, Xiong Z, Yan X, Zolfaghari S, Cai Y, Ma Z, Zhang T, Zhang J,
Li Z, Liu K, Chen J (2020) Endoscopic-assisted surgery versus micro-
surgery for pineal region tumors: a single-center retrospective study.
Neurosurg Rev. https://doi.org/10.1007/s10143-020-01283-6

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.3171/2017.7.JNS17260
https://doi.org/10.3238/arztebl.2011.0390
https://doi.org/10.1016/j.surneu.2008.07.019
https://doi.org/10.1023/a:1012721723387
https://doi.org/10.1016/j.wneu.2017.07.013
https://doi.org/10.1016/j.wneu.2017.07.013
https://doi.org/10.1007/s00381-008-0712-7
https://doi.org/10.1007/s00381-011-1405-1
https://doi.org/10.1016/j.jocn.2011.02.035
https://doi.org/10.1016/j.jocn.2011.02.035
https://doi.org/10.1007/s00701-010-0936-7
https://doi.org/10.1007/s00701-010-0936-7
https://doi.org/10.1016/j.wneu.2019.06.189
https://doi.org/10.1016/j.wneu.2019.06.189
https://doi.org/10.1016/j.wneu.2019.04.255
https://doi.org/10.1016/j.wneu.2019.04.255
https://doi.org/10.1007/s11060-013-1200-9
https://doi.org/10.1007/s11060-013-1200-9
https://doi.org/10.3171/2016.7.JNS16277
https://doi.org/10.3171/2016.7.JNS16277
https://doi.org/10.3171/2011.2.FOCUS10301
https://doi.org/10.3171/2011.2.FOCUS10301
https://doi.org/10.1016/j.neuchi.2014.01.005
https://doi.org/10.1093/neuonc/now234
https://doi.org/10.1002/rcs.1638
https://doi.org/10.3171/JNS/2008/109/11/0908
https://doi.org/10.1016/j.wneu.2017.09.045
https://doi.org/10.1016/j.wneu.2017.09.045
https://doi.org/10.4103/2152-7806.122504
https://doi.org/10.4103/2152-7806.122504
https://doi.org/10.1007/s00381-012-1954-y
https://doi.org/10.1007/s00381-012-1954-y
https://doi.org/10.1016/j.wneu.2016.04.130
https://doi.org/10.1016/j.wneu.2016.04.130
https://doi.org/10.1097/00006123-200009001-00015
https://doi.org/10.3171/2014.9.JNS141397
https://doi.org/10.1007/s00381-015-2787-2
https://doi.org/10.1016/j.neuchi.2013.11.008
https://doi.org/10.1007/s00381-018-3861-3
https://doi.org/10.1007/s00381-018-3861-3
https://doi.org/10.1016/j.wneu.2018.07.023
https://doi.org/10.1007/s10143-020-01283-6

	Management of pineal region tumors in a pediatric case series
	Abstract
	Introduction
	Patients and methods
	Technique of biopsy
	Treatment protocol

	Results
	Primary surgical intervention
	Diagnostic and accuracy rate of biopsy
	Complications of primary surgical intervention to establish a diagnosis
	Subsequent tumor treatment (Fig. 2)
	Overall resection rate
	Hydrocephalus treatment during follow-up
	Other neurosurgical procedures during follow-up
	Overall outcome

	Discussion
	Neuroendoscopic biopsy and concomitant endoscopic hydrocephalus treatment
	Biopsy vs. primary resection without biopsy
	Limitation

	Conclusions
	References


