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Abstract
Introduction

Endoscopic third ventriculostomy (ETV) for obstructive hydrocephalus and endoscopic biopsy (EB) for
intra- and paraventricular tumors are recognized as standard therapies because of their minimal
invasiveness. Although EB-associated hemorrhagic risk has been well documented, reports on the ETV-
associated hemorrhagic risk are only few. Therefore, we conducted this retrospective study to review the
incidence of hemorrhage due to EB and/or ETV in a single institution.

Material and Methods

We retrospectively reviewed data, including patient characteristics, procedure, pathological �ndings, and
complications, including hemorrhage, of 100 patients with intra- and paraventricular tumors who
underwent EB and/or ETV at our institution from 2000 to 2020.

Results

EB and ETV combined surgery (combined group), EB-alone surgery (EB-alone group), and ETV-alone
surgery (ETV-alone group) were performed in 44 (44%), 24 (24%), and 32 (32%) patients, respectively, and
all procedures were successful. The rates of de�nitive and suggestive diagnoses in EB were 76.5% and
23.5%, respectively. Adverse events were observed in six patients. An acute obstruction of the ETV stoma
and a transient double vision were observed in the combined group. Two transient aqueductal
stenosis/obstructions were recognized in the EB-alone group. Hemorrhage was observed in two patients
in the ETV-alone group; these patients developed intratumoral hemorrhage despite ETV-alone surgery.
Subsequently, these two patients underwent tumor removal, and the histopathological diagnosis was
atypical teratoid/rhabdoid tumor (AT/RT) in both.

Conclusions

For obstructive hydrocephalus with AT/RTs, physicians must be aware of the risk of postoperative
intratumoral hemorrhage after performing ETV.

Trial registration number

E-2385 (2021/3/11)

Introduction
Endoscopic biopsy (EB) for intra- and paraventricular tumors and endoscopic third ventriculostomy (ETV)
for tumor-associated obstructive hydrocephalus are well known as useful therapies. Although these
endoscopic surgeries are less invasive and would provide several bene�ts to patients, surgeons must be
aware of their associated risks/bene�ts. EB is commonly used to treat intra- and paraventricular tumors
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and is superior to stereotactic needle biopsy from the viewpoint of direct visualization [4]. The overall risk
of developing hemorrhagic sequelae due to EB for brain tumors is 3.5%, the risk per endoscopic procedure
is 2.4%, and the risk for permanent morbidity is 1.2% [22]. The most frequent complications of ETV are
predominantly meningitis/ventriculitis, cerebrospinal �uid (CSF) leaks, and brain or blood vessel injury
during surgery [4, 23, 28]. As ETV does not have direct effects against intra- and paraventricular tumors,
the hemorrhagic complications due to ETV have been generally reported to be due to damage to
surrounding structures [4], and no study has focused on hemorrhagic complications directly caused by
ETV.

In the present study, we retrospectively reviewed the data of patients who underwent ETV and/or EB for
intra- and paraventricular tumors. We evaluated the incidence of ETV- and EB-related complications and
found that two patients developed intratumoral hemorrhage after ETV-alone surgery. Histopathological
examination disclosed these tumors as atypical teratoid/rhabdoid tumor (AT/RT) in both patients. We
discuss the risk of hemorrhagic complications due to AT/RT and review the difference between AT/RT
and other brain tumors.

Materials And Methods
This retrospective study was approved by our institutional review board (E-2385), and the requirement for
written informed consent was waived off.

Patients

We enrolled the data of 100 patients with intra- and paraventricular tumors who underwent ETV for
obstructive hydrocephalus and/or EB for diagnosis at our institution between January 2000 and
December 2020. We excluded cases in which the procedure was performed after tumor resection,
consecutive craniotomies immediately performed after the procedure, and cases involving procedure for
arachnoid cyst. Details regarding age at procedure, sex, ETV and/or EB, time of procedure, pathological
�ndings, and perioperative complications were obtained from medical records. Patients were classi�ed
into the ETV and EB combined group (combined group), EB-alone group, and ETV-alone group.

The decision to perform ETV before tumor resection was made on the basis of the clinical state of the
patient, �ndings of the magnetic resonance imaging (MRI) that include the severity of hydrocephalus
and/or prepontine CSF space, and response to medical treatment (glucocorticosteroids and diuretics).
Patients with obstructive hydrocephalus with tumors at the third ventricle �oor underwent EB and extra
ventricular drainage (EVD) as they were not suitable for ETV. Such patients were classi�ed into the EB-
alone group. Craniotomy was performed in all patients in the ETV-alone group within 1–2 weeks after
ETV.

Radiological �ndings
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All patients were evaluated using MRI within 1 week before surgery. The tumor volume was calculated as
follows: volume (cm3) = width × height × depth/2, where the three parameters were measured using 1.5
(until June 2006) or 3.0 (after July 2006) Tesla MRI unit.

Surgical technique

A single burr hole was pierced near the front of the left or right coronal suture. A 17.5-Fr sheath (Medikit
Peel-Off Introducer, Medikit, Tokyo, Japan) and an endoscope (Olympus, Tokyo, Japan) or a �berscope
(Machida, Chiba, Japan) were inserted. In the combined group, EB was performed �rst, followed by ETV
using a Fogarty balloon catheter or an Expansor balloon catheter (Fuji Systems Corporation, Tokyo,
Japan). After ETV, the endoscope was removed, and a piece of absorbable gelatin sponge (Spongel, LTL
Pharma, Tokyo, Japan) was placed in the route of the sheath. ETV failure was de�ned as the need of �ow
restoration or further unplanned shunt placement.

Pathological diagnosis

Histopathological diagnosis was de�ned based on the World Health Organization (WHO) 2016 update.
AT/RT was de�ned based on alterations of either SMARCB1/INI-1 or very rarely SMARCA4/BRG1 [1, 12].

Statistical analysis

Data were statistically represented in terms of frequencies (number of patients) and percentages. Data
that were not normally distributed were presented as median and interquartile range (IQR). Statistical
analyses were performed using SPSS pro ver. 21.0. Comparison between AT/RTs and medulloblastomas
in the ETV-alone group was performed using Fisher’s exact test. P < 0.05 was considered to be
statistically signi�cant.

Results
Table 1 summarizes the clinical characteristics of patients. All ETV/EB surgeries were successfully
performed; however, there was a case of ETV failure in a patient with thalamic glioma who underwent a
repeat ETV the next day, which con�rmed that the leachate from the biopsied tumor was blocking the
stoma. The median age of patients was 20 years (IQR, 10–47 years), and the male/female ratio was
65:35. There were 32 patients (32%) in the ETV-alone group, 24 patients (24%) in the EB-alone group, and
44 patients (44%) in the combined group. The proportion of initial surgeries was 84% (84 patients), and
procedures involving EVD, planned ventriculoperitoneal shunt (VPS) placement, and ventricular access
device (VAD) comprised 7% (7 patients), 2% (2 patients), and 2% (2 patients), respectively. In the EB-alone
group, simultaneously, EVD was performed in four patients (one germinoma and three malignant
lymphomas), planned VPS placement was performed in two patients (anaplastic astrocytoma and
�brillary astrocytoma), and VAD was placed in one patient (malignant lymphoma). The median duration
of operation was 106 min (IQR, 87–130 min). The median tumor volume (cm3) was 4.9 (IQR, 1.8–15.1).
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EB was performed in 68 patients. The de�nitive and suggestive diagnostic rates were 76.5% (52 patients)
and 23.5% (16 patients), respectively.

Table 2 summarizes details of adverse events in this case series. Overall, adverse events developed in �ve
patients (5%). In the combined group, one patient (2.3%) who developed transient double vision had an
adverse event of tectal glioma. In the EB-alone group, adverse events developed in two patients (8.3%),
each with malignant lymphoma and germinoma. The lesion in these patients was near the aqueduct, and
it was speculated that the tumor debris from the biopsied lesion had blocked the aqueduct. Both patients
underwent transient EVD but did not need ETV or VPS placement during their clinical course. In the ETV-
alone group, adverse events developed in two patients (6.3%). Both these patients developed CTCAE 5.0
grade 2 intratumoral hemorrhage the day after surgery. Craniotomy and tumor resection were performed,
and the pathological diagnosis of both tumors was AT/RT.

Table 3 summarizes the pathological �ndings of patients. Nine patients who underwent EB without
subsequent craniotomy remained with suggestive diagnoses. They were diagnosed as low-grade or high-
grade gliomas, which could not reach the de�nitive subtypes of glioma, based on the WHO 2016 update.
Total numbers of glioma were 28% (28 patients) and 39.3% (11 patients) cases of glioma were high-
grade. Germinoma was the most common in this case series (34%). Among patients with
medulloblastoma, most of them underwent ETV alone, and only one patient underwent EB alone for the
diagnosis of disseminated recurrent medulloblastoma.

Table 4 summarizes the results of the comparison between AT/RT and medulloblastoma in the ETV-
alone group. Age tended to be higher in the medulloblastoma group. The duration of operation was
longer in the AT/RT group. The tumor volume was comparable. The incidence of intratumoral
hemorrhage was found to be statistically high in patients with AT/RT (P < 0.05, Fisher’s exact test). We
illustrate the representative hemorrhagic cases in Figures 1 and 2.

There were no other adverse event including infection, and the rate of both morbidity and mortality rate
was 0%.

Discussion
In this study, the overall rate of complications due to EB and/or ETV was 5% (5 patients), which is
consistent with previous reports, indicating the safety of EB and/or ETV [4, 22, 23, 28]. However,
intratumoral hemorrhage was observed in two patients; both of these patients were in the ETV-alone
group and were diagnosed with AT/RT. There was no other tumors developed intratumoral hemorrhage
after ETV. To our knowledge, this is the �rst report to demonstrate the risk of intratumoral hemorrhage
due to AT/RT after ETV for obstructive hydrocephalus. Considering that ETV did not directly damage the
tumors, AT/RTs may themselves pose a high risk for intratumoral hemorrhage.

E�cacy of ETV as CSF �ow diversion followed by tumor resection
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Several authors have reported that the CSF �ow-diverting procedure through EVD or shunt surgery for
hydrocephalus makes the subsequent tumor excision more di�cult and hazardous [11, 36]. Ideally,
performing emergency surgery for hydrocephalus and tumor removal at the same time would be better.
However, in the clinical setting, performing early tumor removal via craniotomy may not be possible. For
such cases, performing CSF �ow-diverting surgery before craniotomy would be a better choice.
Furthermore, treating hydrocephalus by ETV could improve the general condition of patients.
Corticosteroid therapy, EVD, and VPS placement have been performed as useful treatments for
intracranial hypertension [27, 29]. Although corticosteroids may help reduce the posterior fossa swelling,
EVD is required, and there remain severe risks due to the increased ICP, such as deterioration in the level
of consciousness or visual affection due to papilledema [6]. EVD is commonly used to control ICP for
obstructive hydrocephalus, but in the case of pediatric patients, maintaining them in the supine position
is often di�cult, which may cause di�culty in management until surgery. Precraniotomy VPS placement
has several problems, such as upward herniation, infection, shunt malfunction, and abdominal
complication [2, 8, 9, 15, 25]. Therefore, there have been increasing reports on the e�cacy of ETV
performed as preoperative CSF �ow diversion followed by tumor resection [5, 10, 32, 34, 35].

Intratumoral hemorrhage due to preoperative CSF �ow diversion followed by tumor resection

There are few reports on intratumoral hemorrhage after EVD, and the actual frequency remains unknown.
To the best of our knowledge, the literature reports three cases of medulloblastoma, one case of germ cell
tumor, and one case of astrocytoma [7, 13, 33, 36].

On the other hand, El-Gaidi MA et al. reported that 1 (1.1%) of 87 patients and 4 (1.9%) of 214 patients
developed intratumoral hemorrhage of posterior fossa tumors after ETV and VPS placement, respectively
[6]. Two patients died before tumor resection, and no information on pathology was available. One
patient who underwent ETV was a 1.5-year-old boy in whom the subsequent craniotomy revealed
astrocytoma. Two patients who underwent VPS placement were a 10-month-old boy and an 8-year-old
girl in whom the subsequent craniotomy revealed ependymoma and medulloblastoma, respectively [6].

Kasilwal MK et al. also reported a case of a patient with postoperative (VPS) intratumoral hemorrhage
who had hydrocephalus with a basal ganglionic tumor [16]. The cause of the intratumoral hemorrhage
was described as a sudden decrease in ICP due to ventricular tapping, resulting in the disturbance of the
dynamic balance between the various intracranial contents and causing an increase in cerebral blood
�ow and vascular congestion [16]. Moreover, the immaturity, fragility, and structural abnormality of tumor
vessels were reported as causes of the hemorrhage [6]. In other words, intracranial hemorrhage is induced
when the changes in ICP act on vulnerable blood vessels in the tumor.

In the present study, we detected intratumoral hemorrhage only in patients with AT/RT. Hence, AT/RT-
speci�c properties were believed to be the cause.

AT/RT
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AT/RTs are rare malignant intracranial tumors, representing only 1.3% of primary central nervous system
(CNS) tumors in the pediatric population and 6.7% of CNS tumors in children younger than 2 years of
age. These tumors have been categorized into grade 4 of the WHO classi�cation of nervous system
tumors published in 2000 [17, 30]. Loss of INI-1 expression is a characteristic feature of AT/RTs.5 Loss of
BRG-1, the product of SMACA4 gene, is rarely observed in patients with AT/RTs [12]. According to the
WHO classi�cation of nervous system tumors published in 2016, the diagnosis of AT/RTs requires
con�rmation of such characteristic molecular defects [21].

Regarding the imaging characteristics of AT/RTs, studies have reported heterogeneity of lesions,
intratumoral hemorrhage, hyperintensity on DWI, lower ADC values, presence of a tumor with off-midline
location, and peripheral cystic components [14, 15, 18, 26, 37]. Chan et al. reported that the areas of
hemorrhage suggest a vascular tumor, and AT/RTs are hypervascular tumors [3]. Hypervascular tumors
have been demonstrated to have massive hemorrhage, and gross total resection is sometimes di�cult
[24]. A study reported a case of partial resection due to di�culty in reaching the edge of the tumor within
the left lateral ventricle and the vascular nature of the tumor, which later developed an uncontrollable
postoperative hemorrhage [3]. We preoperatively diagnosed two patients with AT/RT based on brain MRI
�ndings. As the tumors were expected to be easily hemorrhagic, we decided to perform craniotomy at a
later date and performed ETV alone for the treatment of hydrocephalus. During the procedure, extreme
caution was taken to avoid touching the tumor. Unfortunately, intratumoral hemorrhage postoperatively
developed.

Comparison between AT/RTs and medulloblastomas

There are some previous reports of medulloblastoma or glioma with intratumoral hemorrhage after ETV,
but there are no reports of AT/RTs [6]. The majority of AT/RTs exhibit a complex histological pattern, such
as choroid plexus carcinoma, germ cell tumor, ependymoma, glioblastoma, or embryonal tumor [1].
Before 2016, positive staining of rhabdoid cells with antibodies to epithelial membrane antigen was used
to distinguish AT/RTs from other embryonal tumors [31]. Therefore, patients with AT/RTs may have been
included in the category of those with postoperative intratumoral hemorrhage diagnosed with
medulloblastoma or high-grade glioma among infant patients in previous reports. In the present study,
INI-1 expression was con�rmed in all the previous cases of medulloblastoma to clearly distinguish them
from those with AT/RTs. Table 3 shows the results of comparison between these cases. The longer
duration of operation was in�uenced by the longer duration until endoscopic introduction in the AT/RT
group because of the patients being infants. Although the number of patients was small because of the
rarity of the tumor, the incidence of intratumoral hemorrhage after ETV was higher in patients with
AT/RTs than in those with medulloblastomas. As there were no patients with intratumoral hemorrhage
among patients with any other malignant tumors, we would like to emphasize that ETV for AT/RTs is
associated with a higher risk for intratumoral hemorrhage than that for other tumors.

Preventing intratumoral hemorrhage
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To summarize, intratumoral hemorrhage may be caused by a sudden decrease in ICP, and it is more likely
to be observed in cases of AT/RTs than in cases of other brain tumors.

In endoscopic procedures, ICP decreases to the same level as that of atmospheric pressure when sheath
is inserted, which may pose a risk of developing intratumoral hemorrhage [38]. In contrast, in EVD, a
sudden decrease in ICP could be prevented by taking precaution during ventricular tapping. Moreover, the
one-way ball valve (Acty valve II, Kaneka Medix, Japan) set at high pressure can release pediatric patients
from constraint during ventricular drainage [20]. Therefore, in patients with suspected AT/RTs in
preoperative examination, EVD at high pressure may be preferable for ICP control.

Limitation

There were very few patients with AT/RTs to be statistically examined. We were unable to examine INI-1
expression before 2010 in tumors other than embryonal tumors. Moreover, previous studies have
demonstrated intratumoral hemorrhage in not only medulloblastomas but also other high-grade gliomas.
The difference between the �ndings of the present study and those of previous research is unclear
because of the lack of detailed description. However, to our knowledge, this is the �rst report to describe
the risk of hemorrhage due to ETV in patients with AT/RTs.

Conclusions
Intratumoral hemorrhage may be caused by a sudden decrease in ICP and be more likely to be observed
in patients with AT/RTs than in those with other brain tumors. In patients with obstructive hydrocephalus
with AT/RTs, physicians must be aware of the risk of postoperative intratumoral hemorrhage after
performing ETV.
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Figure 1

A 0-year-old female patient with supratentorial atypical teratoid/rhabdoid tumor (AT/RT). Aqueduct
obstruction due to a large thalamic tumor with intratumoral hemorrhage resulted in ventricular
enlargement (A–E). T1- (A) and T2-weighted images (B) show the �uid-�uid level inside the tumor that
indicates intratumoral hemorrhage (arrows). Diffusion-weighted image (b = 4000) (C) shows the tumor
with high cellularity. Contrast-enhanced T1-weighted image depicts the intense but heterogeneous mass
(D). Axial computed tomography (CT) image illustrates isodense mass in the thalamus, with a
hyperdensity portion suggestive of intratumoral hemorrhage (E). At age 81 days, endoscopic third
ventriculostomy (ETV) without tumor biopsy was performed to improve the general condition of the
patient. Extraventricular drainage was inserted for prophylaxis against development with recurrent
hydrocephalus through unexpected closure of the ETV stoma. During the surgical procedure, the
appearance of the tumor did not change. The CT image on the next day after ETV revealed an increase in
tumor volume due to an increase in intratumoral hemorrhage with intraventricular hemorrhage (F). The
tumor exhibited the histological features of AT/RT with multiple foci of rhabdoid cell proliferations
(original magni�cation, ×400; bar, 50 µm) (G), and immunohistochemical study shows loss of INI-1
expression (original magni�cation, ×400; bar, 50 µm) (H).
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Figure 2

A 2-year-old female patient with infratentorial atypical teratoid/rhabdoid tumor. The patient presented
with a marked dilation of ventricles due to obstruction of the aqueduct as observed on brain magnetic
resonance imaging (A–C). Sagittal T2- (A) and contrast-enhanced T1-weighted images (B) show the
heterogeneous tumor. Diffusion-weighted image (b = 4000) (C) shows the tumor with high cellularity.
During endoscopic third ventriculostomy, we did not observe tumor appearance. The next morning, the
patient started vomiting, and T2-weighted image revealed intratumoral hemorrhage (arrow). Specimens
show histological evidence of rhabdoid cells (H&E; original magni�cation, ×200; bar, 100 µm) (E). INI-1
reactivity is negative for tumor cells (original magni�cation, ×200; bar, 100 µm) (F).
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