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Background: Choroid plexus tumors are rare intraventricular tumors. Most of these tumors are benign choroid
plexus papillomas. Choroid plexus carcinoma is the most malignant choroid plexus tumor and constitutes a small
percentage of these tumors. The most common location of these tumors is the lateral ventricle and fourth
ventricle in pediatric and adult patients respectively. Rare locations such as the third ventricle are reported in
the literature with 55 reports of choroid plexus papilloma and just 3 cases of carcinoma located in the third
ventricle.

Case description: We present an extremely rare case of choroid plexus carcinoma of the third ventricle in a
9 months old boy which was resected successfully through transcortical-transforaminal approach along with a
review of literature available around different aspects of these tumors.

Conclusion: Choroid plexus carcinomas even in rare locations such as the third ventricle can be effectively re-
sected through the transcortical-transforaminal approach, although post-operative subdural effusion can be a
potential complication.

1. Background carcinoma till now. So, we present a case of CPC in anterior third

ventricle which was successfully excised through a transcortical-trans-

Third ventricular tumors are uncommon and account for about
0.6-0.9% of all brain tumors [1]. Choroid plexus tumors (CPTs) are rare
CNS tumors and comprise 0.5%-0.6% of intracranial neoplasms in all
ages [2,3]. These tumors are classified as WHO grade I choroid plexus
papilloma (CPP), WHO grade II atypical choroid plexus papilloma
(aCPP), and WHO grade III choroid plexus carcinoma (CPC) [4]. Ten
percent of CPTs are seen in children younger than 5 years [5]. Its
common location is in the lateral ventricle and fourth ventricle in
children and adults respectively [6-8]. The third ventricle is an un-
common location for CPTs beside other rare locations such as the cer-
ebellopontine angle, the Luschka foramen, or brain parenchyma
[9-12]. aCPP and CPC together comprise about 25 percent of all CPTs
[13]. To our knowledge, there are 55 cases of CPP and just 3 cases of
CPC [14-16] reported in the third ventricle in the literature to date and
this is the 4th report of an extremely rare third ventricle choroid plexus

foraminal approach.
2. Case report
2.1. History and physical examination

A 9 months old male infant was referred to our institute with
symptoms of a rise in intracranial pressure (ICP) such as macrocephaly
(head circumference: 47 cm — 90th percentile) and sunset eyes since a
couple of weeks before admission. Upon detailed examination, the
patient was conscious but lethargic and without crying response to the
stimulus. Bulging and tension of anterior fontanelle were evident. The
infant’s muscle tones were significantly diminished without noticeable
paresis. Upon funduscopic examination, bilateral papilledema was en-
countered.

Abbreviations: CPT, Choroid Plexus Tumor; CPP, Choroid Plexus Papilloma; aCPP, Atypical Choroid Plexus Papilloma; CPC, Choroid Plexus Carcinoma; CNS, Central
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Fig. 1. Pre-operative non-contrast brain CT scan of the infant showing a lobulated hyperdense lesion within the third ventricle along with significant hydrocephalus.

2.2. Imaging findings

In non-contrast computed tomographic (CT) scanning, a large lo-
bulated relatively hyperdense mass lesion was evident in anterior third
ventricle causing significant hydrocephalus (Fig. 1). Following MRI
evaluation, the lesion appeared as isointense lobulated mass relative to
white matter on both non-contrast T1 and T2 with significant homo-
genous bright enhancement on contrast-enhanced T1 images. The le-
sion diameters measured approximately 26.5%33.2*28.4 mm and it was
located within the anterior two-thirds of the third ventricle causing
significant ventriculomegaly and periventricular edema (Fig. 2).

2.3. Management and surgical technique

Due to progressive drowsiness and unresponsiveness of the patient
during the course of admission and suboptimal situation for emergent
tumor resection, he was initially treated with an emergent ven-
triculoperitoneal shunting (VPS) procedure which led to significant
improvement in patient symptoms. As a result of the higher infection
rate of external ventricular drains, we preferred a shunt over ven-
triculostomy. Two days later, the patient has undergone an elective
total resection of the tumor through a right frontal transcortical-trans-
foraminal approach to the third ventricle. After general anesthesia, the
patient was positioned in a supine position on a horseshoe head holder
and with 20 degrees of head elevation (Fig. 3A). After the administra-
tion of local anesthetic, a horseshoe incision was made on the right side
centered 2 cm lateral to the midline and anterior to the coronal suture
(Fig. 3B). After performing a minor craniotomy mostly located anterior
to the coronal suture (Fig. 3C), the dura was opened and reflected.
Approach to the frontal horn of right lateral ventricle was made
through superior frontal sulcus and after placement of retractors, a
dilated Monroe foramen occupied by a cauliflower friable grayish-red
colored tumor was evident. Due to significant bleeding of these tumors,
microscopic circumferential dissection, coagulation, and disconnection
of tumor vascular supply from the third ventricle roof were performed
initially, and then the tumor was removed divided into a few large
segments without significant bleeding (Fig. 3F). Exact intraoperative
bleeding volume was measured as 180 cc by neuroanesthesia team
which did not exceed calculated maximal allowable blood loss (MABL)
of 200 cc and blood transfusion was not required during operation.

2.4. Post-operative course

The patient was totally alert and without any neurological deficit in

the immediate post-op period and also passed an uneventful post-op-
erative period. The infant was transferred from ICU and discharged
from hospital on postoperative days 1 and 3 respectively. Postoperative
MR imaging revealed total tumor removal with no residual enhance-
ment, no evidence of injury to the fornix, a significant decrease in
ventricular size, and a small right convexity hygroma (Fig. 4). The in-
fant was brought for a follow-up visit 2 weeks after discharge along
with a follow-up CT scan. Despite the lack of any signs and symptoms of
intracranial hypertension or neurological deficit, significant shunt
overdrainage and resultant hygroma were evident in the CT scan
(Fig. 5). So, the patient was admitted and shunt closure was done at the
level of the clavicle and after two days of monitoring the patient for
hydrocephalus, it was completely removed. We discussed the available
options for adjuvant therapy in a tumor board session in our institute
with the participation of two neurosurgeons, a pediatric oncologist, a
radiotherapist, a radiologist, and a pathologist and eventually, it led to
the unanimous choice of chemotherapy as optimal adjuvant therapy for
the patient. The patient was discharged free of any complaints or
symptoms and referred to an oncologist for adjuvant chemotherapy.
The patient received chemotherapy with Cisplatin, Etoposide, Vincris-
tine regimen, and it was well tolerated by the patient. Up to now, the
patient is followed for 11 months and there are no neurological or
imaging findings of recurrence or complications.

2.5. Pathological findings

Histological examination showed a papillary neoplasm with fi-
brovascular connective tissue covered by multiple layers of cubic to
columnar cells with significant hypercellularity. Multiple foci of ne-
crosis and pleomorphism were evident. Conspicuous mitoses were seen
and the measured Ki67/MIB-1 labeling index was 20%. So, the diag-
nosis of choroid plexus carcinoma (WHO grade 3) was reported (Fig. 6).

3. Discussion
3.1. Epidemiology

CPTs are rare CNS tumors and account for 0.5%-0.6% of all in-
tracranial neoplasms in all ages [2,3]. About 5% of all CPTs are located
in the third ventricle [17]. According to multiple reports, third ventricle
CPP comprises a very rare entity [11,18,19]. 14% of choroid plexus
tumors occur during infancy although there are reports of third ven-
tricle choroid plexus papilloma during the 5th decade of life [20,21]. In
the majority of reports, there is no reported sex predilection in CPTs
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Fig. 2. Pre-operative contrast-enhanced axial (A), sagittal (B), and coronal (C) brain MR imaging of infant showing lobulated homogenous brightly enhanced lesion
within the third ventricle. Axial T2 imaging (D) shows a lobulated mass with an isointense signal relative to white matter and significant periventricular edema.

Fig. 3. Intra-operative images. The patient
was positioned supine with slight neck
flexion and head elevation (A). After skin
flap reflection and shaving of the pericra-
nium, the anterior fontanelle (*) and the
coronal suture was a useful guide to de-
marcate the extents of craniotomy (B). A
3*2cm craniotomy was performed (C). After
complete tumor removal the tumor-free di-
lated third ventricle (*) can be seen through
the Monroe foramen (D). After dural clo-
sure, a layer of Gelfoam was placed over the
craniotomy site to prevent adhesion of bone
flap to the underlying dura and facilitate
future approaches in case of tumor recur-
rence (E). Excised tumor segments had
cauliflower appearance indicating choroid
plexus origin of the tumor (F).
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Fig. 4. Post-operative contrast-enhanced axial (A), sagittal (B), and coronal (C) brain MR imaging of patient showing total tumor removal without any residual

enhancement and a small right convexity hygroma.

[22,23]. CPCs are almost 4 fold more common in children than adults
[13]. In the literature, there are 55 cases of reported CPPs and just three
cases of CPC located in the third ventricle which elicits extreme rarity of
third ventricle CPC.

3.2. Clinical features

According to anatomic specifications of the third ventricle, CPTs in
this location tend to be symptomatic earlier in life than tumors located
in other common locations [24]. Common presentation in the pediatric
population is hydrocephalus manifested as macrocephaly, splaying of
cranial sutures, fontanel widening/bulging, and forced downward gaze,
also known as sunset eyes. Older patients suffer from headaches,
nausea, vomiting, and visual disturbances [25]. These tumors can in-
frequently manifest as bobbing head doll syndrome or endocrine ab-
normalities [25,26]. In our case, ICP rising manifestations such as
sunset eyes and sutural splaying were dominant regarding the patient’s
age.

3.3. Imaging characteristics

In CT and MR imaging, CPTs present as well-defined large lobulated
masses. They appear as hyperdense structures in CT images as a result
of micro-hemorrhages and micro-calcifications [27]. On MR imaging,
tumor signal usually seems to be isointense on T1 and isointense to
moderately hyperintense on T2 sequences. Due to the high vascularity

of structures derived from choroid plexus, these tumors enhance
brightly and homogenously after administration of contrast agent on
both CT and MRI. Calcifications are rare in children but may be seen in
14-25% of cases in all ages [26,28]. There are no specific imaging
criteria for CPCs, but parenchymal invasion or heterogeneous en-
hancement as a result of necrotic areas, calcifications, or micro-he-
morrhages may be a clue [29]. As can be seen, there were no such
imaging characteristics of carcinomas in our case which emphasize the
fact that CPCs can’t be diagnosed solely on radiological grounds. CPTs
are often accompanied by significant hydrocephalus. Pathophysiology
of hydrocephalus can be related to CSF overproduction, obstruction of
CSF pathways, hemorrhage from tumor leading to arachnoid villi dys-
function, and high CSF protein content [7,11,26]. Despite all these
imaging specifications, diagnosis may be challenging in uncommon
locations.

3.4. Histopathology

Microscopically, CPPs are composed of well-structured fi-
brovascular papillary formations lined by a single layer of columnar or
cuboidal epithelium without malignant features. In contrast, CPCs are
recognized with the presence of at least four of five malignant features
such as increased cellularity, high mitotic activity (more than 5 in 10
HPF), multiple areas of necrosis, highly pleomorphic nuclei and blur-
ring of papillary architecture [4]. Occasionally, CPTs show one or a few
of the aforementioned malignant parameters but not enough to classify

Fig. 5. Follow-up brain CT scan of patient 2 weeks after discharge showing significant shunt overdrainage and marked right convexity hygroma.
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Fig. 6. Histological examination of the resected tumor showing focal necrosis (A), hypercellularity and pleomorphism (B), and increased mitosis (C) leading to the

diagnosis of choroid plexus carcinoma (Hematoxylin-Eosin staining).

them as CPC. So, aCPP is recognized as an intermediate entity regarding
mitotic activity since the 2007 WHO classification. Clear diagnostic
criteria have not been established but high mitotic figures (more than 2
in 10 HPF) without other malignant features can lead to the diagnosis of
aCPP[13]. There is a direct relationship between Ki-67/MIB-1 staining
and tumor grade. Mean values of MIB-1 index in CPP, aCPP, and CPC
are reported as 1.3-4.5, 5.8-9.1, and 13.4-20.3 percent respectively
[30-32]. In the histological examination of tumor specimens in our
case, diffuse blurring of papillary structures, increased cellularity,
multiple areas of necrosis, and significant pleomorphism was leading to
the diagnosis of CPC. Measured MIB-1 index was 20% which is also in
favor of CPC.

3.5. Management

Surgical resection is the first-line treatment in all CPTs. Because of
small diameters and complex neuroanatomy of the third ventricle, re-
section of tumors in this area are challenging and highly demands ex-
pertise [33]. Due to the high vascularity of these tumors, significant
blood loss during resection should be anticipated and effectively man-
aged especially in the pediatric population [7,11,22,26]. Blood loss can
be limited by initial finding and securing of arterial feeders which are
branches of adjacent choroidal arteries and subsequent coagulation and
en-bloc or piecemeal removal of tumor bulk [7,10,25]. There are some
reports of preoperative embolization of the feeder artery, however, this
approach is challenging and has potential risks of vessel injury or stroke
[26,33,34]. Neoadjuvant chemotherapy can be considered as an alter-
native approach that reduces tumor size and vascularity and facilitates
total resection [35].

Optimal management of hydrocephalus in these patients is a matter
of debate. The majority of reports suggest emergent ventriculoper-
itoneal shunting (VPS) procedure in cases of neurological deterioration
and definite resection of tumor a few days later after patient stabili-
zation, when facilities for emergent total tumor resection is not acces-
sible. In patients with a stable neurological situation, semi-urgent ex-
ternal ventricular drainage (EVD) placement and tumor resection in one
session will be feasible. In these circumstances, EVD tapering and re-
moval or change to VPS should be considered as soon as possible given
the high risk of meningitis with EVD in place [11,36]. Pre-operative
endoscopic third ventriculostomy (ETV) is another option in patients
with non-communicating hydrocephalus with different reported success
rates [7]. In three previously reported CPCs of the third ventricle, only
one report mentioned preoperative VPS placement and two others did
not discuss hydrocephalus management or did not provide individual
patient data about this subject (Table 1). In our case, the patient
showed significant neurological deterioration as drowsiness and lack of
response to stimuli upon admission and severe hydrocephalus on ima-
ging. So, because facilities for emergent resection of the tumor were not
available, we decided to emergently place a VPS which resulted in a
dramatic clinical response. But, our patient experienced shunt related
over-drainage in the follow-up period which is a drawback of this

approach, and placement of programmable shunt systems instead of
fixed pressure valves can be possibly useful to avoid this complication.
As an uncommon complication, intraabdominal seeding of CPC tumor
cells through ventriculoperitoneal CSF diversion is reported in the lit-
erature and it should be kept in mind in the management of these pa-
tients [37]. But, it is a rare complication and can not be considered as a
contraindication for VPS placement in patients with CPC.

Although we resected the tumor through the transcortical-trans-
foraminal approach, there are different surgical approaches for dif-
ferent locations of CPTs. Specifically for third ventricle CPTs, trans-
callosal, transcortical-transforaminal, and endoscopic approaches can
be used for resection of tumors located in the anterior third ventricle
and infratentorial-supracerebellar, occipital-transtentorial and trans-
callosal approaches are among the described approaches to posterior
third ventricle tumors [10,11,38]. As can be seen in Table 1, among the
three previously reported CPCs of the third ventricle transcortical
transforaminal approach was used for tumor resection in one case si-
milar to our case, and in another report, the tumor was resected
through the transcallosal approach. The choice of surgical approach
varies based on location, anatomy, size, and blood supply of the tumor.
The transcortical-transforaminal approach is ideal for patients with
larger tumors and larger ventricles as in our case. Of the most frequent
complications of this approach are seizure and subdural collection, the
latter occurred in our case [39]. Although the aim of surgery is gross
total resection, it may be not possible as a result of significant bleeding
(especially in children) or invasion of critical structures. In the former
situation, reoperation at a later time is suggested but adjuvant therapy
can be used in the latter [11,36]. Neuroendoscopic biopsy followed by
chemoradiotherapy is the best treatment option in cases where the
tumor is not resectable [40]. Only in three out of four previously re-
ported cases, gross total resection was achieved (Table 1).

The role of adjuvant therapies in the management of CPTs is con-
troversial. As a consensus, completely removed CPP can be followed
without any adjuvant therapy. There are some reports of radiotherapy
or radiosurgery in CPTs but they all suggest that these modalities be
reserved for patients with the unresectable residual tumor or aggressive
subtypes [36,41,42]. Chemotherapy is suggested in cases of higher
grade tumors or recurrences, although it showed mixed results. The
most debate in this regard is about the role of adjuvant therapy in
aCPPs which is a relatively newer entity with few cases reported in the
literature [43,44]. The role of adjuvant therapy in CPC is more obvious
with some reports of a significant increase in overall survival following
adjuvant chemoradiotherapy or chemotherapy alone [29,44-46].

3.6. Outcome

The main prognostic factors in CPTs are the extent of resection and
tumor grade. The best outcome is expected for totally resected CPPs
with10 year survival of about 100% in different reports [6,25,47].
Whereas, the 5-year survival rate of CPC patients are approximately
58% and 20% after complete or partial resection respectively [29]. In
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three available reports of CPCs located within the third ventricle,
complete remission was achieved in one case after 12 months follow-up
but in another case, that gross total resection was not possible the

=
3 &%
= ©
%) =]
@ £
<] 1
L= °
G =
4
[@ % . - 3 partial remission was the eventual result (Table 1). Natural history and
v QO . .
G E|% E5T outcome of aCPPs fall somewhere in between, but is not well re-
R ==l - .
&gl 8 e cognized and needs to be elucidated.
© 3l = EEx
v v =]
o =| g S o w2 5
o & 3 S oo =
gg| Q| 222y 4. Conclusion
23
L8l 5
= E=] . . .
g S| E 93 As we presented, a highly malignant tumor such as CPC in a sur-
° ° i w68 ., gically challenging location such as the third ventricle can be managed
e % ; g g :‘i’g effectively and safely through the transcortical-transforaminal ap-
AR : g g g proach. A well-known drawback of this approach is post-operative
[=) N — . . P . .
g8 E|mz2ZR subdural effusion that can be managed on an individualized basis.
§ é g 5 The practical take-home messages of this report can be summarized
2 7 =N bel .
= £ 5384 as below:
o £
= £ @2 g
< 9 SEE¢
=5 E=} g . . .
SOl gl fs52¢8 1. As previously reported, CPC cannot be differentiated from CPP
2 § S| E & g g based on radiological characteristics and this pathology should be in
- = (=] . . . . . .
g 18| S52&S mind in approaching any lesion with suspected choroid plexus
k=] 2 origin even in rare locations such as the third ventricle.
%= . .
é 2| £ - BB 2. The transcortical transforaminal approach can be safely and effec-
2 ac s . . . . . .
= G ﬁ § So3 tively implemented for resection of third ventricle CPC if the tumor
= =R . . .
® g § 28 g blood supply can be found and terminated early in the circumfer-
i © = . . .
2 ] :E:? 2 E é é ential dissection of the tumor.
o - . . -
£ = 3. Pre-operative ventriculoperitoneal shunting, although reported as
§ % : § w7 § an option for management of hydrocephalus in patients with dete-
E5|8|gssy riorating conditions, can lead to post-operative overdrainage-related
=2 g E=R= = = . . . . .
; cc s complications. Therefore, if a pre-operative shunting procedure was
Y« > 5 0 05 4
> o = () () . . . . .
252 § EE § planned, these complications can be effectively avoided by the im-
ceeé - - .
g g Slazz4k plementation of a shunt system with a programmable valve design.
& .8
2=l §
a8 al S .
23| g Statement of ethics
23| 3
< T =
= 5| u
% ;E ° This case report is conducted in accordance with the world medical
| & . . . .
T 2| EExE association declaration of Helsinki. Parents of the presented patient (as
@ - . - . - .
s E| " Lowno their legal guardians) have given their written informed consent for
g & T F publication of data and images of this patient, although all information
Ly g E revealing subject’s identity is avoided in this manuscript.
5 3 £ g
= o o =]
5T F-
£8% E_E Funding sources
v @ 2 —_ = O =
Sd| 8| 8588 . . . o .
c Al S %g = This research did not receive any specific grant from funding
—ou © 5] . . . . 3
23| % 22 E ¢z agencies in the public, commercial, or not-for-profit sectors.
s+ | 5| £E£8 €&
S | A | EEZE
§§ v o o o Author contributions
S g chicichc
@ EEEE
g2 g EEE¢E . . . . . s -
8 % g § § § § Amin Tavallaii: Conception and design, Drafting, Critical revising,
o 2 5| EEEZ Final approval. Ehsan Keykhosravi: Data acquisition, Drafting, Final
g § T: 885838 approval. Hamid Rezaee: Data acquisition, Drafting, Final approval.
2 S EEE . - . .
5B g g % g % Mohsen Khamoushi: Data acquisition, Drafting, Final approval.
L E| & <
Qs
£3 Sl vt oo Declaration of Competing Interest
L s =1 —_ E —_—
> N b < CRG]
IS S8 ==
hol~ O 53
';E: 2w The authors declare that they have no known competing financial
5 u% ¢ interests or personal relationships that could have appeared to influ-
g 2 g 22 2 ence the work reported in this paper.
< = g g
=S| 5| 5828
= [9)
£ gl 2| 2zyg E Acknowledgment
(=]
a2
o W %
. ] We would like to express pour sincere gratitude to Dr. Paria
[y = < g (=) . . . . .1
P2l S| 8320 Dehghanian M.D, A.P, C.P for her precious cooperation in providing
~EE| 5|22 i f hi hological sli her valuabl hi
ES| 8| v as images of histopathological slides and her valuable comments on his-
_% 5 g g g é _é E topathological findings. We also appreciate the support and assistance
E<? of the Clinical Research Development Unit of Akbar Hospital.



A. Tavallaii, et al.

References:

[1]

[2]

[3]

[4

=

[5]

[6

—

[7

—

[8]
[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

S. Chibbaro, F. Di Rocco, O. Makiese, A. Reiss, P. Poczos, G. Mirone, F. Servadei, B.
George, P. Crafa, M. Polivka, A. Romano, Neuroendoscopic management of pos-
terior third ventricle and pineal region tumors: technique, limitation, and possible
complication avoidance, Neurosurgical Rev. 35(3) (2012) 331-338; discussion
338-340.

L. Felix, S. Phudhichareonrat, W.C. Halliday, L.E. Becker, Choroid plexus tumors in
children: immunohistochemical and scanning-electron-microscopic features,
Pediatric Neurosci. 13 (5) (1987) 263-269.

N. Gupta, Choroid plexus tumors in children, Neurosurg. Clin. N. Am. 14 (4) (2003)
621-631.

S. Chhabda, O. Carney, F. D'Arco, T.S. Jacques, K. Mankad, The 2016 world health
organization classification of tumours of the central nervous system: what the
paediatric neuroradiologist needs to know, Quantitative Imag. Med. Surgery 6 (5)
(2016) 486-489.

D.Y. Suh, T. Mapstone, Pediatric supratentorial intraventricular tumors, FOC 10 (6)
(2001) 1-14.

C. Bettegowda, O. Adogwa, V. Mehta, K.L. Chaichana, J. Weingart, B.S. Carson,
G.L Jallo, E.S. Ahn, Treatment of choroid plexus tumors: a 20-year single institu-
tional experience, J. Neurosurgery. Pediatrics 10 (5) (2012) 398-405.

AK. Jaiswal, S. Jaiswal, R.N. Sahu, K.B. Das, V.K. Jain, S. Behari, Choroid plexus
papilloma in children: diagnostic and surgical considerations, J. Pediatric Neurosci.
4 (1) (2009) 10-16.

H. Ogiwara, A.J. Dipatri Jr, T.D. Alden, R.M. Bowman, T. Tomita, Choroid plexus
tumors in pediatric patients, Br. J. Neurosurg. 26 (1) (2012) 32-37.

R. Kumar, G. Achari, D. Benerji, V.K. Jain, D.K. Chhabra, Choroid plexus papillomas
of the cerebellopontine angle, Neurology India 50 (3) (2002) 352-358.

A. Mishra, B.K. Ojha, A. Chandra, S.K. Singh, N. Chandra, C. Srivastava, Choroid
plexus papilloma of posterior third ventricle: a case report and review of literature,
Asian J. Neurosurgery 9 (4) (2014) 238.

S.J. Pawar, R.R. Sharma, A.K. Mahapatra, S.D. Lad, M.M. Musa, Choroid plexus
papilloma of the posterior third ventricle during infancy & childhood: report of two
cases with management morbidities, Neurology India 51 (3) (2003) 379-382.

A. Tavallaii, E. Keykhosravi, H. Rezaee, Telovelar approach for microsurgical re-
section of an unusually located choroid plexus papilloma in the luschka foramen of
an infant — case report and review of literature, Interdisciplinary Neurosurgery 20
(2020) 100693.

D.N. Louis, H. Ohgaki, O.D. Wiestler, W.K. Cavenee, P.C. Burger, A. Jouvet,

B.W. Scheithauer, P. Kleihues, The 2007 WHO classification of tumours of the
central nervous system, Acta Neuropathol. 114 (2) (2007) 97-109.

W.-J.-L. Zhou, X.i. Wang, J.-Y. Peng, S.-C. Ma, D.-N. Zhang, X.-D. Guan, J.-F. Diao,
J.-X. Niu, C.-D. Li, W. Jia, Clinical features and prognostic risk factors of choroid
plexus tumors in children, Chin. Med. J. 131 (24) (2018) 2938-2946.

K. Sato, M. Hayashi, T. Kubota, H. Kawano, [A case of large malignant choroid
plexus papilloma in the third ventricle-immunohistochemical and ultrastructural
studies], No to shinkei =Brain Nerve 41 (10) (1989) 973-978.

R.W. Broad, P.B.R. Allen, Third ventricle choroid plexus carcinoma, Can. J. Neurol.
Sci. 11 (4) (1984) 461-465.

M.L. Levy, A. Goldfarb, D.J. Hyder, I. Gonzales-Gomez, M. Nelson, F.H. Gilles,
J.G. McComb, Choroid plexus tumors in children: significance of stromal invasion,
Neurosurgery 48 (2) (2001) 303-309.

A.A. Razzaq, K.N. Chishti, Giant choroid plexus papilloma of the third ventricle,
JPMA. J. Pak. Med. Assoc. 53 (11) (2003) 573-575.

E. Schijman, J. Monges, A.J. Raimondi, T. Tomita, Choroid plexus papillomas of the
III ventricle in childhood. Their diagnosis and surgical management, Child's nervous
system : ChNS : official journal of the International Society for Pediatric
Neurosurgery 6 (6) (1990) 331-334.

1. Nakano, A. Kondo, K. Iwasaki, Choroid plexus papilloma in the posterior third
ventricle: case report, Neurosurgery 40 (6) (1997) 1279-1282.

F. Tomasello, V. Albanese, F.P. Bernini, P. Picozzi, Choroid plexus papilloma of the
third ventricle, Surg. Neurol. 16 (1) (1981) 69-71.

M. Safaee, A.J. Clark, O. Bloch, M.C. Oh, A. Singh, K.I. Auguste, N. Gupta,

M.W. McDermott, M.K. Aghi, M.S. Berger, A.T. Parsa, Surgical outcomes in choroid
plexus papillomas: an institutional experience, J. Neurooncol. 113 (1) (2013)
117-125.

J.H. Shin, H.K. Lee, A.K. Jeong, S.H. Park, C.G. Choi, D.C. Suh, Choroid plexus
papilloma in the posterior cranial fossa: MR, CT, and angiographic findings, Clinical
Imaging 25 (3) (2001) 154-162.

T. Tomita, D.G. McLone, A.M. Flannery, Choroid plexus papillomas of neonates,
infants and children, Pediatric Neurosci. 14 (1) (1988) 23-30.

G. Menon, S.N. Nair, S.S. Baldawa, R.B. Rao, K.P. Krishnakumar,

C.V. Gopalakrishnan, Choroid plexus tumors: an institutional series of 25 patients,
Neurology India 58 (3) (2010) 429-435.

K.K. Koeller, G.D. Sandberg, From the archives of the AFIP. Cerebral

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

Interdisciplinary Neurosurgery 22 (2020) 100873

intraventricular neoplasms: radiologic-pathologic correlation, Radiographics : a
review publication of the Radiological Society of North America, Inc 22 (6) (2002)
1473-1505.

T.L. Coates, D.B. Hinshaw Jr., N. Peckman, J.R. Thompson, A.N. Hasso,

B.A. Holshouser, D.S. Knierim, Pediatric choroid plexus neoplasms: MR, CT, and
pathologic correlation, Radiology 173 (1) (1989) 81-88.

A.W. McEvoy, B.N. Harding, K.P. Phipps, D.W. Ellison, A.J. Elsmore, D. Thompson,
W. Harkness, R.D. Hayward, Management of choroid plexus tumours in children: 20
years experience at a single neurosurgical centre, Pediatr. Neurosurg. 32 (4) (2000)
192-199.

M.Z. Sun, M.C. Oh, M.E. Ivan, G. Kaur, M. Safaee, J.M. Kim, J.J. Phillips,

K.I. Auguste, A.T. Parsa, Current management of choroid plexus carcinomas,
Neurosurg. Rev. 37 (2) (2014) 179-192.

B. Wrede, M. Hasselblatt, O. Peters, P.F. Thall, T. Kutluk, A. Moghrabi, A. Mahajan,
S. Rutkowski, B. Diez, X. Wang, T. Pietsch, R.D. Kortmann, W. Paulus, A. Jeibmann,
J.E.A. Wolff, Atypical choroid plexus papilloma: clinical experience in the CPT-
SIOP-2000 study, J. Neurooncol. 95 (3) (2009) 383-392.

C.G. Carlotti, B. Salhia, S. Weitzman, M. Greenberg, P.B. Dirks, W. Mason,

L.E. Becker, J.T. Rutka, Evaluation of proliferative index and cell cycle protein
expression in choroid plexus tumors in children, Acta Neuropathol. 103 (1) (2002)
1-10.

1. Vajtai, Z. Varga, A. Aguzzi, MIB-1 immunoreactivity reveals different labelling in
low-grade and in malignant epithelial neoplasms of the choroid plexus,
Histopathology 29 (2) (1996) 147-151.

H.M. Do, W.F. Marx, H. Khanam, M.E. Jensen, Choroid plexus papilloma of the
third ventricle: angiography, preoperative embolization, and histology,
Neuroradiology 43 (6) (2001) 503-506.

F.P. Trivelato, L.B. Manzato, M.T. Rezende, P.M. Barroso, R.M. Faleiro, A.C. Ulhoa,
Preoperative embolization of choroid plexus papilloma with Onyx via the anterior
choroidal artery: technical note, Child'sNervous System : ChNS : Official Journal of
the International Society for Pediatric Neurosurgery 28 (11) (2012) 1955-1958.
E.J. Koh, K.C. Wang, J.H. Phi, J.Y. Lee, J.W. Choi, S.H. Park, K.D. Park, L.H. Kim,
B.K. Cho, S.K. Kim, Clinical outcome of pediatric choroid plexus tumors: retro-
spective analysis from a single institute, Childs Nerv. Syst. 30 (2) (2014) 217-225.
A. Talacchi, E. De Micheli, C. Lombardo, S. Turazzi, A. Bricolo, Choroid plexus
papilloma of the cerebellopontine angle: a twelve patient series, Surg. Neurol. 51
(6) (1999) 621-629.

D.J. Donovan, R.D. Prauner, Shunt-related abdominal metastases in a child with
choroid plexus carcinoma: case report, Neurosurgery 56 (2) (2005) E412; discus-
sion E412.

M. Sasani, B. Solmaz, T. Oktenoglu, A.F. Ozer, An unusual location for a choroid
plexus papilloma: the pineal region, Child's nervous system : ChNS : official journal
of the International Society for Pediatr. Neurosurg. 30 (7) (2014) 1307-1311.
R.G. Ellenbogen, Transcortical surgery for lateral ventricular tumors, FOC 10 (6)
(2001) 1-13.

P.A. Oppido, A. Fiorindi, L. Benvenuti, F. Cattani, S. Cipri, M. Gangemi, U. Godano,
P. Longatti, C. Mascari, E. Morace, L. Tosatto, Neuroendoscopic biopsy of ven-
tricular tumors: a multicentric experience, FOC 30 (4) (2011) E2, https://doi.org/
10.3171/2011.1.FOCUS10326.

B.J. Duke, G.W. Kindt, R.E. Breeze, Pineal region choroid plexus papilloma treated
with stereotactic radiosurgery: a case study, Computer aided surgery : official
journal of the International Society for Computer Aided Surgery 2 (2) (1997)
135-138.

I.-Y. Kim, A. Niranjan, D. Kondziolka, J.C. Flickinger, L.D. Lunsford, Gamma knife
radiosurgery for treatment resistant choroid plexus papillomas, J. Neurooncol. 90
(1) (2008) 105-110.

F.G. Kamar, V.F. Kairouz, S.M. Nasser, S.G. Faddoul, I1.C. Saikali, Atypical choroid
plexus papilloma treated with single agent bevacizumab, Rare Tumors 6 (1) (2014)
33-35.

A. Passariello, M. Tufano, P. Spennato, L. Quaglietta, A. Verrico, R. Migliorati,

G. Cinalli, The role of chemotherapy and surgical removal in the treatment of
Choroid Plexus carcinomas and atypical papillomas, Childs Nerv. Syst. 31 (7)
(2015) 1079-1088.

M.Z. Sun, M.E. Ivan, M.C. Oh, A.R. Delance, A.J. Clark, M. Safaee, T. Oh, G. Kaur,
A. Molinaro, N. Gupta, A.T. Parsa, Effects of adjuvant chemotherapy and radiation
on overall survival in children with choroid plexus carcinoma, J. Neurooncol. 120
(2) (2014) 353-360.

L. Lafay-Cousin, D.J. Mabbott, W. Halliday, M.D. Taylor, U. Tabori, I.D. Kamaly-Asl,
A.V. Kulkarni, U. Bartels, M. Greenberg, E. Bouffet, Use of ifosfamide, carboplatin,
and etoposide chemotherapy in choroid plexus carcinoma: Clinical article, PED 5
(6) (2010) 615-621.

S.J. McGirr, M.J. Ebersold, B.W. Scheithauer, L.M. Quast, E.G. Shaw, Choroid
plexus papillomas: long-term follow-up results in a surgically treated series, J.
Neurosurg. 69 (6) (1988) 843-849.


http://refhub.elsevier.com/S2214-7519(20)30434-5/h0010
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0010
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0010
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0015
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0015
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0020
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0020
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0020
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0020
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0025
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0025
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0030
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0030
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0030
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0035
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0035
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0035
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0040
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0040
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0045
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0045
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0050
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0050
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0050
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0055
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0055
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0055
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0060
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0060
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0060
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0060
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0065
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0065
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0065
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0070
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0070
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0070
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0075
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0075
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0075
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0080
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0080
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0085
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0085
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0085
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0090
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0090
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0095
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0095
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0095
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0095
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0100
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0100
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0105
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0105
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0110
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0110
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0110
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0110
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0115
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0115
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0115
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0125
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0125
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0125
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0135
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0135
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0135
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0140
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0140
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0140
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0140
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0145
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0145
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0145
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0150
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0150
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0150
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0150
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0155
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0155
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0155
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0155
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0160
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0160
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0160
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0165
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0165
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0165
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0170
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0170
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0170
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0170
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0175
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0175
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0175
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0180
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0180
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0180
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0190
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0190
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0190
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0195
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0195
https://doi.org/10.3171/2011.1.FOCUS10326
https://doi.org/10.3171/2011.1.FOCUS10326
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0205
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0205
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0205
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0205
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0210
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0210
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0210
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0215
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0215
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0215
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0220
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0220
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0220
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0220
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0225
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0225
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0225
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0225
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0230
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0230
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0230
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0230
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0235
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0235
http://refhub.elsevier.com/S2214-7519(20)30434-5/h0235

	An extremely rare case of choroid plexus carcinoma in the third ventricle of an infant – Case report and review of the literature
	Background
	Case report
	History and physical examination
	Imaging findings
	Management and surgical technique
	Post-operative course
	Pathological findings

	Discussion
	Epidemiology
	Clinical features
	Imaging characteristics
	Histopathology
	Management
	Outcome

	Conclusion
	Statement of ethics
	Funding sources
	Author contributions
	Declaration of Competing Interest
	Acknowledgment
	References:




