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Abstract

Introduction Choroid plexus tumors are uncommon intraventricular tumors that develop from the choroid plexus of the central
nervous system. Choroid plexus papillomas arising from the cerebellopontine angle have been reported to almost exclusively
occur in adults and are rarely found in children.

Methods We report a systematic review conducted in accordance with the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) guidelines of SCOPUS and PubMed databases for case reports and case series of choroid plexus
papillomas arising in the cerebellopontine angle in the pediatric population and discuss clinical presentation, imaging features,
management options, and outcomes. We also report a case managed at our center.

Results Ten cases of pediatric choroid plexus papillomas arising in the cerebellopontine angle were identified from the systematic
review in addition to the case reported here, resulting in a total of eleven cases. The patients’ median age was 8 years with a slight
female sex predilection (1.2:1). Patients most commonly presented with headache, cerebellar signs, and cranial nerve palsies with
median duration of symptoms at 4 months. All patients underwent surgical treatment with majority achieving gross total excision.
No deaths were reported at median follow-up of 12 months. Complete neurologic recovery was attained in seven cases while
partial recovery was seen in two cases.

Conclusion Choroid plexus papillomas found in the cerebellopontine angle in the pediatric population are extremely rare but they
should be considered in the differential diagnosis. Complete surgical resection is the mainstay of treatment with excellent
outcomes achievable in majority of patients.
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Introduction

Choroid plexus tumors are uncommon intraventricular tumors
that develop from the choroid plexus of the central nervous
system [1]. They account for 0.3-0.8% of all brain tumors
overall and 2-5% of all pediatric brain tumors [2, 3].
According to the World Health Organization classification
of central nervous system tumors, they are classified either
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into choroid plexus papilloma (CPP) (WHO Grade 1), atypi-
cal choroid plexus papilloma (WHO Grade 2), or choroid
plexus carcinoma (WHO Grade 3) [2]. They are frequently
located in the lateral ventricles of children, while they are
found more commonly at the fourth ventricles of adults [1,
2, 4, 5]. CPPs arising from the cerebellopontine angle (CPA)
have been reported to almost exclusively occur in adults and
are rarely found in children [1, 6, 7].

We thus performed a systematic review of the literature for
case reports and case series of choroid plexus papillomas aris-
ing in the cerebellopontine angle in the pediatric population
and discuss clinical presentation, imaging features, manage-
ment options, and outcomes. We also report a case managed at
our center.
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Case report

A previously well 11-year old right-handed female adolescent
presented with a 1-month history of progressive gait ataxia
and intermittent headache. On physical examination, she
was awake, alert, and able to follow commands. Cranial nerve
exam revealed a visual acuity of 20/25 with grade I
papilledema on both eyes and bilateral lateral rectus palsy.
Sensory and motor testing were normal. Left-sided dysmetria,
dysdiadochokinesia, and vertical nystagmus were also

Fig. 1 a Axial T1. b Axial T1
with contrast. ¢ Sagittal T1. d
Coronal T1. e Axial T2 sequences
showing the predominantly cystic
mass containing internal
septations with the T1
hypointense contrast enhancing
T2 hypo- to isointense solid
nodule
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observed. A cranial magnetic resonance imaging showed a
5.4 x3.7x4.1-cm predominantly cystic mass at the left
cerebellopontine angle with a 1.4 x 1.5 x 1.5-cm contrast en-
hancing nodule along with hydrocephalus (Fig. 1).

The tumor was completely excised through a suboccipital
retrosigmoid approach. Intraoperatively, clear fluid was seen
after opening the cyst. The tumor was well circumscribed, red,
multilobulated and vascular with multiple feeding arteries
from the cerebellar parenchyma and from the AICA. It had a
fair interface with the surrounding structures.
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Microscopic examination on routine stain showed a single
layer of cuboidal to columnar epithelial cells surrounding a
fibrovascular core resembling choroid plexus (Fig. 2).
Immunohistochemistry stains were done; GFAP and S100
were positive for the cells of interest, while CK7, CK20,
EMA, and TTF-1 were negative, confirming the diagnosis
of choroid plexus papilloma.

Postoperatively the patient had complete neurologic recov-
ery. Imaging done 3 months after the surgery showed com-
plete excision of the tumor with resolution of the hydroceph-
alus and remained shunt free 12 months postresection (Fig. 3).

Materials and methods

A systematic search, conducted in accordance with PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-
Analyses) guidelines, of the PubMed and SCOPUS databases
was performed using the keywords “choroid plexus papilloma”

2
¥
¥

Fig.2 Hematoxylin and eosin staining showing a single layer of cuboidal
to columnar epithelial cells surrounding a fibrovascular core. a x 10. b x
40

AND “cerebellopontine angle.” The reference lists of the
assessed articles were also searched for relevant studies. All
English case reports and case series on patients with choroid
plexus papillomas in the choroid plexus were collected.
Articles were included if (1) studies were described as either
a case report or a case series with individual breakdown of
cases; (2) subjects were aged 18 years or less; and (3) the
diagnosis of choroid plexus papilloma was confirmed by his-
topathologic analysis. Articles were excluded if (1) the choroid
plexus papillomas were supratentontorial or in the brainstem;
and (2) there was no breakdown of individual cases to allow
analysis. Data collected included age, sex, clinical features,
imaging results, treatment, and outcomes on follow-up.

A total of 112 records were identified through a database
search. Of these, 45 articles were excluded after screening the
titles and abstracts for relevance to the study. The full text of
63 articles were assessed; of which, 55 articles were excluded
for the reasons stated above. Eight studies were included in the
qualitative analysis (Fig. 4).

Results

A total of eleven cases of pediatric choroid plexus papillomas
arising in the cerebellopontine angle were identified from the
systematic review (Table 1). The patients’ age ranged from
9 months to 14 years, with a median age of 8 years. There was
a slight female predilection (1.2:1).

The most common neurologic manifestations were head-
ache (100%), cerebellar signs (dysmetria, nystagmus, ataxia)
(82%), and cranial nerve palsies (VI-IX) (45%). The duration
of symptoms ranged from 1 day to 44 months, with a median of
4 months. One patient presented with rapid deterioration due to
tumor bleed which presented as subarachnoid hemorrhage.

Imaging showed evidence of hydrocephalus in 73% of pa-
tients. On CT, majority of the lesions were hyperdense and
almost all exhibited contrast enhancement. On MRI, the le-
sions appear as lobulated well-defined masses T1 hypo- to
isointense with homogenous contrast enhancement while on
T2 the lesions appear predominantly hyperintense. The cur-
rent case presented as a cystic mass with a solid nodule which
was not seen in the previous cases.

All patients had surgical treatment and 27% underwent
cerebrospinal fluid (CSF) diversion. Two patients had preop-
erative ventriculoperitoneal shunt (VPS) done due to persis-
tently increased intracranial pressure. External ventricular
drainage (EVD) or endoscopic third ventriculostomy (ETV)
was not done. Of the eleven excisions, a gross total excision
was achieved in nine while the extent of resection was not
specified in the remaining two. The approach was
retrosigmoid suboccipital in five, far lateral suboccipital in
two, while the remaining approaches (lateral suboccipital,
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Fig. 3 Postresection contrast
enhanced CT showing no residual
tumor and resolution of the
hydrocephalus

midline suboccipital) were each done once. The approach
used for two cases was not specified.

Outcome was generally favorable in all cases with no
deaths reported at median follow-up of 12 months. Only one
case had persistence of hydrocephalus after definitive tumor
resection. For this case, postresection shunting was done
3 weeks after due to posthemorrhagic hydrocephalus.
Complete neurologic recovery was achieved in seven cases
while partial neurologic recovery was reported in two cases.

Discussion

Given the rarity of CPA tumors in children, the differential
diagnosis is poorly defined in this population [14]. Different
types of tumors can arise in the CPA and can originate from
the neuroglia, the neural sheath, the embryonic remnants or
the meninges [13, 15]. In the pediatric age group, tumors
located in the CPA are frequently as a result of tumor extend-
ing from nearby structures such as the brainstem, the cerebral
peduncle, the cerebellum, or the fourth ventricle [13].
However, there are tumors that can intrinsically originate in
this location which include vestibular schwannomas, menin-
giomas, epidermoid cysts, arachnoid cysts, lipomas, atypical
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rhabdoid-teratoid tumors, and gangliogliomas in decreasing
order of frequency [13—-16]. Lesions in the CPA mostly pres-
ent with signs and symptoms of increased intracranial pres-
sure, and similarly the most common presentation in this re-
view was headache [1, 7, 17-19]. Also these lesions can also
present with mass effect causing compression of the surround-
ing structures which then manifests as cerebellar signs
(dysmetria, dysdiadochokinesia, nystagmus, ataxia) and cra-
nial nerve palsies (VI-IX) [1, 7-9, 11, 12]. Although there can
be some prominent symptoms with a particular tumor type
such as hearing loss for vestibular schwannomas and acute
facial palsy for atypical rhabdoid-teratoid tumors, they can
be difficult to differentiate clinically [13, 20]. Hydrocephalus
can also be present in patients with CPA tumors due to ob-
struction of CSF flow, but for choroid plexus papillomas spe-
cifically, it can also be as a result of either overproduction of
CSF or impaired absorption [3, 17, 21]. In some studies, this
was the most common presentation for choroid plexus papil-
lomas; however, this was not the case in this review where
only 63% had hydrocephalus [3, 21]. One reason behind this
was thought to be that the obstruction of the CSF pathway by a
CPP in the cerebellopontine angle was not as severe when
compared with an intraventricular CPP. Also, there may be
decreased vascular supply at the cerebellopontine angle



Childs Nerv Syst (2021) 37:799-807

803

)

Fig. 4 PRISMA diagram of the
systematic review c
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resulting in the inability of the tumor to overproduce CSF [7,
22, 23]. Median duration of symptoms was 4 months in this
review which was longer compared with some studies which
ranged from 1 to 4 months [6, 17, 21]. This could be explained
by a lower proportion of patients having hydrocephalus in this
review. There have been reported cases of incidental discov-
ery of these types of tumors, highlighting its possible indolent
nature in some cases [8, 17]. The presentation of pediatric
choroid plexus papillomas is usually seen in patients less than
10 years of age [1, 8, 17, 24]. They are especially seen in those
less than 5 years of age, but it has been found that
infratentorial lesions are present more in older children com-
pared with those found supratentorially [1, 8, 17, 25]. This
matches our review where in the median age of cases was at
8 years of age. Majority of studies have shown that choroid
plexus papillomas show a male predilection; however, some
studies show that lesions located in the cerebellopontine angle
are more common in the female population which was simi-
larly observed in this study [1, 2, 4-8, 11, 18, 26, 27].

The imaging findings of choroid plexus papillomas have
been well described in literature. On CT, they appear as iso- or
hyperdense lesions that enhance with contrast administration
similar to what was found in this review. On MRI, they can
present as T1 hypo- or isointense or T2 iso- or hyperintense

lesions that enhance with gadolinium [1, 7, 11, 21, 22].
Calcifications can also be found in up to 20% of these lesions
but none was found in the patients included in this review [1,
6, 7,21, 22, 24]. Choroid plexus papillomas can present with
cysts in 20% of cases [7, 11, 22]. Similar to the illustrated
case, they can appear either as pure cystic tumors or as cystic
tumors with solitary or multiple mural nodules [28-32]. Cyst
formation was postulated to either be from CSF production of
the tumor or hemorrhages in the tumor [7, 11] although there
was only one radiographically documented case of a choroid
plexus papilloma with hemorrhage [10]. Listed in Table 2 are
the imaging features of the more common primary tumors of
the cerebellopontine angle in children that may help differen-
tiate them from choroid plexus papillomas [14].

The suboccipital retrosigmoid approach is the workhorse
approach for tumors in the cerebellopontine angle. This corri-
dor provides a wider field of view to safely dissect any adhe-
sions to the brainstem and the cranial nerves [7]. Similar to our
case, the suboccipital retrosigmoid approach was chosen for
the above reasons. Those that protrude toward the foramen
magnum and are expected to encroach on the lower cranial
nerves may benefit from a suboccipital far lateral approach.
Doing so would increase the chance of successfully preserv-
ing neurologic function and achieving gross total resection [7,
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Table 2 Radiologic findings of common differential diagnosis for primary tumors of the cerebellopontine angle in children

Lesion CT MRI Other findings

Schwannoma Isodense T1 isointense contrast enhancing Widening of the internal auditory canal
T2 hyperintense

Meningioma Iso- to hyperdense T1 hypo- to isointense avidly contrast enhancing Petrous hyperostosis

T2 iso- to hyperintense

Epidermoid cyst Hypodense T1 isointense with possible thin rim enhancement
T2 hyperintense
Arachnoid cyst Hypodense T1 isointense non contrast enhancing

T2 hyperintense

Dural tail sign

Heterogeneous FLAIR hyperintensity
Restricted diffusion in DWI

CSF signal in FLAIR and DWI sequences

CT computed tomography, DWI diffusion-weighted imaging, FLAIR fluid-attenuated inversion recovery, MRl magnetic resonance imaging

11]. Some have argued that a midline suboccipital approach
through the cerebellomedullary fissure is the ideal corridor for
resection since it allows early interruption of the vascular sup-
ply making tumor debulking much safer [11]. However, this
approach is much more suited for tumors located mainly in the
fourth ventricle and not for those that are found in the
cerebellopontine angle [7]. In this review, 73% of patients
presented with hydrocephalus but only 18% of patients
underwent preoperative ventriculoperitoneal shunt insertion.
Managing hydrocephalus can be challenging since there is no
clear consensus in treating this feature of the disease. The
decision in which option to choose for managing hydroceph-
alus preoperatively (EVD vs VPS vs ETV) rests on the clinical
picture of the patient coupled with the available resources of
the treating institution [1, 17, 25]. If the patient presents in
extremis due to severe hydrocephalus, external ventricular
drainage may be done to arrest herniation. As opposed to
endoscopic third ventriculostomy, EVD is preferred in our
institution since its placement is expedient, intracranial pres-
sure can be monitored, and CSF drainage can be controlled
perioperatively. Furthermore, it can allow the egress of
postresection blood and protein products reducing the risk of
posthemorrhagic hydrocephalus [33]. Following EVD place-
ment, the tumor resection can then be done once the patient
stabilizes. Otherwise, electing to proceed directly with tumor
resection in a patient who is not in extremis is a reasonable
option given that the hydrocephalus will most likely resolve
after complete removal obviating the need for permanent CSF
diversion [7, 16, 17, 34]. In this series, only one patient had
postresection shunting done due to posthemorrhagic hydro-
cephalus while the rest of the patients have remained shunt
free on 1-year median follow-up. Hydrocephalus should
therefore be managed expectantly with close observation
and CSF diversion should only be done if clinically necessary
[33]. In the event that CSF diversion is needed, it is recom-
mended that endoscopic third ventriculostomy be tried first, as
long as the origin of the hydrocephalus is not posthemorrhagic
or postinfectious in nature, so that shunt dependency and its
complications can be avoided as much as possible [34, 35].

Gross total excision of the tumor (GTR) is the current stan-
dard of care for choroid plexus papillomas which was
achieved in all of the reviewed cases with the majority achiev-
ing complete neurologic recovery [1, 3, 7, 8, 25, 36, 37].
Studies have shown that GTR is the most important variable
that can influence the long-term survival of patients with cho-
roid plexus papillomas and that it offers the best likelihood for
successful treatment [3, 5, 38]. Some studies have reported
10-year survival rates close to 100% [1, 3, 21]. Currently there
is no evidence to support the use of adjuvant therapy to im-
prove survival after GTR and its use has been restricted to
recurrent or malignant disease [1, 5, 36]. A “wait and see”
approach has been recommended for patients who underwent
gross total resection [5, 7]. We have adapted this approach for
our patient and at 1-year follow-up, the patient is still asymp-
tomatic and free from disease and free from CSF diversion.

Limitations

The study is a systematic review of case reports and small case
series, owing to the rarity of this condition. As such, it is subject
to selection bias. For instance, choroid plexus papillomas which
do not present acutely and were not surgically managed may be
under-reported in the literature. Data we wanted to collect was
also incomplete in some reported cases, limiting the analysis.

Conclusion

Choroid plexus papillomas found in the cerebellopontine an-
gle in the pediatric population are extremely rare but they
should be considered in the differential diagnosis. Complete
surgical resection is the mainstay of treatment with excellent
outcomes achievable in majority of patients.
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