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Background: Choroid plexus papilloma (CPP) is rare and even rarer in infants and

young children, and it usually occurs in the ventricles. Due to the physical

peculiarities of infants, tumor removal by microscopic or endoscopic surgery

alone is difficult.

Case Presentation: A 3-month-old patient was found to have an abnormally

enlarged head circumference for 7 days. Cranial magnetic resonance imaging

(MRI) examination revealed a lesion in the third ventricle. The patient underwent

combined microscopic and endoscopic “chopstick” technique to remove the

tumor. He recovered well after the surgery. Postoperative pathological

examination revealed CPP. Postoperative MRI suggested total resection of the

tumor. Follow-up for 1 month showed no recurrence or distant metastasis.

Conclusions: Combined microscopic and endoscopic “chopstick” technique

may be a suitable approach to remove tumors in infant ventricles.
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Introduction

Choroid plexus papilloma (CPP) is a neuroectodermal tumor

that accounts for less than 1% of intracranial tumors (1). CPP is

even less frequent in infants. CPP is most often located in the lateral

ventricles, with few reported cases in the third and fourth ventricles

(2). Typical clinical manifestations of CPP include hydrocephalus,

macrocephaly, and growth retardation (3, 4). The most common

treatment for CPP is surgery. Transcallosal or transcortical

approach are used to remove CPP located in the lateral ventricles.

The corpus callosum approach is usually used to remove CPP

located in the third ventricle. The blood supply of CPP is rich, and

CPP is poorly demarcated from the surrounding tissues, which

makes it difficult to remove the tumor with gross total resection. In

particular, low tolerance to blood loss in infants makes surgical

removal of CPP more difficult. With the advances in neurosurgical

microscopy and improvement in endoscopic techniques, it has

become possible for neurosurgeons to remove huge tumors from

the ventricles minimally-invasively and completely. The resection of

ventricular tumor was performed using microscopy or traditional

endoscopic techniques. Here, we report a case of a 3-month-old

infant with CPP in the third ventricle that was treated by combined

microscopic and “chopstick” technique. We also conducted a

systematic review of cases with CPP in infants reported after 2010.
Case presentation

A 3-month-old patient presented with an abnormally large head

circumference for 7 days. He was born vaginally at full term,

without asphyxia or birth injuries, and was breastfed after birth.

Growth and intelligence were appropriate for his age. On

examination, the fontanelle pressure was high, the head

circumference was 45 cm, and the eyes were gazing downward.

Ultrasound examination performed at other hospitals suggested

hydrocephalus. Cranial magnetic resonance imaging (MRI) showed

the presence of a space-occupying lesion in the third ventricle,

about 3.8×4.6×3.1 cm (3) in size, isosignal at T1 and mild high

signal at T2-weighted images, accompanied with severe

hydrocephalus (Figures 1A, B). Contrast-enhanced lesions showed

“cauliflower-like” appearance on MRI (Figures 1C, D). Right frontal

cortical fistula was performed to remove a part of the tumor under

the microscope, and the tumor in the blind area of the microscope’s

visual field was removed by the endoscopic “chopstick” technique

(Figures 2A-C, E, F). The child recovered well after surgery

(Figure 2D).Histopathological examination of the resected tumor

papillary-like architecture that has fibrovascular cores, resulting in a

diagnosis of CPP (WHO Grade 1) (Figure 3C). After 1 month of

follow-up, MRI indicated no residual tumor (Figures 3A, B).
Systematic review of literature

Our literature search was based on the Preferred Reporting Items

for Systematic Evaluation and Meta-Analysis (PRISMA) (5). We

systematically searched reports in the English language from PubMed
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and EMBASE databases since 2010 using the Boolean operators with

the following keywords: “Choroid plexus papilloma,” “infant,”

“baby,” “neonatal,” and “young.” Articles with sufficient

information for postoperative pathological diagnosis of CPP in

individuals under the age of 12 months were included. Articles that

replicated, reviewed, or lacked detailed clinical data were excluded.

Cases with postoperative pathological diagnoses of atypical CPP

(aCPP) and choroid plexus carcinoma (CPC) were excluded. All

identified articles were first screened by title and abstract, and then

the full text was downloaded and assessed for eligibility. This process

was carried out independently by three investigators. Any

disagreements were resolved by consensus.
Results

Sixteen duplicate records were removed by database search. A

total of 197 records were left for title and abstract checking. Forty

full-text articles were evaluated. Eighteen articles were finally

included for analysis (Table 1; Figure 4) (1, 3, 4, 6–20). The

majority of the articles were case reports, and included a total of

30 cases with a pathological diagnosis of CPP. There were 18 males

and nine females among the 30 patients, and sex was unknown in

three cases. The minimum age was 3 days. The clinical

manifestations of CPP were mainly enlarged head circumference

(n=13) and high intracranial pressure (n=10). Twenty-two CPP

cases were located in the lateral ventricle, while eight cases were

located in the third ventricle. All 30 children were treated surgically,

including 21 with microscopic resection alone, three with

endoscopic resection alone, two with interventional embolization

followed by microscopic resection, one with combined traditional

endoscopic and microscopic treatment followed by cerebrospinal

fluid shunt, and three with unspecified surgical modalities. The use

of microscopy combined with the endoscopic “chopstick” technique

had not been reported.
Discussion

CPP is a rare intracranial tumor that is classified as grade I by

the WHO tumor classification. In pediatric patients, CPP usually

occurs within 1 year of birth and is most commonly located in the

lateral ventricle (64%) (21). According to our literature review,

under the age of 1 year, CPP was located in the lateral ventricle in

73.3% of cases. Given that the location of CPP affects the

cerebrospinal fluid circulation, hydrocephalus is often

complicated in imaging. On computed tomography (CT) scans,

CPP usually appears as isodense or hyperdense. MRI shows equal or

low T1 signal and high T2 signal (2). In addition to surgical removal

of the tumor, cerebrospinal fluid shunts or interventional

embolization can be performed preoperatively (10). The most

common surgical treatment for CPP is transcortical approach by

a microscope (22). The survival rate after surgical resection of CPP

is high, and it has been reported that the long-term survival rate

ranges from 90% to 100% with gross total resection (11). For infant

patients with a high surgical risk, preoperative tumor interventional
frontiersin.org
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TABLE 1 Summary of the included studies.

Author
and
Year

No. of
Patients

Age/
Average
Age(m)

Sex Study
Design

Symptoms Tumor
Site

Conclusions

Zhou
et al., 2022
(1)

1 5 F Case Report Seizures Lateral
ventricle

Epileptic spasm syndrome as an initial clinical
manifestation of CPP in pediatric patients without
hydrocephalus is extremely rare.

Mangham
et al., 2022
(4)

1 3 NA Case Report Lethargy Third
ventricle

CPP embolization may represent a curative strategy or
facilitate delayed surgical resection in cases.

Puerta
Roldán
et al., 2019
(6)

1 4 M Case Report Increasing head size Lateral
ventricle

Diffuse enhanced pia may resolve spontaneously after
CPP is removed.
Many aspects should be considered in the treatment of
CPP to avoid unnecessary treatment.

Misiolek
et al., 2019
(3)

1 3 F Case Report Seizures Lateral
ventricle

The presence of multifocal CPP in children suggests a
genetic predisposition.
Rapid progression does not necessarily indicate a
malignant tumor.

Dash
et al., 2019
(7)

7 6.7 F
(n=2),
M
(n=5)

Retrospective
Case Series

Increasing head size
(n=2), high intracranial
pressure (n=5)

Lateral
ventricle

CPP is associated with lesser blood loss and favorable
outcome compared with aCPP and CPC.

Cao et al.,
2018 (8)

1 4 F Case Report Increasing head size Lateral
ventricle

Total surgical removal is a valid curative method for
CPP.

Laarakker
et al., 2017
(9)

1 11 F Case Report Accidental discovery Lateral
ventricle

Asymptomatic CPP patients are uncommon, and
treatment plans need to be tailored on a case-by-case
basis.

Aljared
et al., 2016
(10)

1 0.1 M Case Report High intracranial
pressure

Lateral
ventricle

Preoperative embolization of CPP allows complete
resection and survival of this potentially curable disease.

Pandey
et al., 2016
(11)

1 9 F Case Report Seizures Lateral
ventricle

Timely surgical intervention and complete resection of
CPP with efforts to reduce intraoperative bleeding is the
best treatment strategy.

Sufianov
et al., 2015
(12)

1 5 M Case Report Increasing head size third
ventricle

Neuroendoscopy seems to be very promising in the
treatment of children with intraventricular lesions.

Santos
et al., 2015
(13)

1 2.5 M Case Report Increasing head size Third
ventricle

Endoscopic surgery can be an additional tool to
consider when planning a choroid plexus tumor
treatment approach.

Kennedy
et al., 2015
(14)

5 4.2 F
(n=2),
M
(n=3)

Retrospective
Case Series

Increasing head size
(n=2), high intracranial
pressure (n=2), prenatal
diagnosis (n=1)

Lateral
ventricle

The superior parietal lobule approach is safe and
effective for young children with CPP in the lateral
ventricle.
Preoperative embolization is not essential to avoid
transfusion or achieve overall good outcomes.

Mizowaki
et al., 2014
(15)

2 6.5 M Case Report Increasing head size,
personality change

Third
ventricle

Preservation of the venous system and ligation of the
supplying arteries are critical before removal of CPP in
young children.

Phi et al.,
2014 (16)

2 3.5 NA Case Report Increasing head size Lateral
ventricle

Tranexamic acid may reduce intraoperative blood loss
in infants with CPP.

Gupta
et al., 2013
(17)

1 1.75 M Case Report Increasing head size Third
ventricle

CPP in the third ventricle is a rare infantile brain
tumor.

Lysyy
et al., 2012
(18)

1 6 M Case Report Increasing head size Lateral
ventricle

In newborns and young children, ultrasound is usually
the first choice for the evaluation of bulging fontanelle
or abnormal head circumference.

(Continued)
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FIGURE 1

The cranial MRI of the head revealed a massive mass in the third ventricle. (A) The lesion was isointense on T1-weighted image. (B) The lesion was
hyperintense on T2-weighted image. (C) After enhancement injection, the lesion in the third ventricle was significantly enhanced. (D) Sagittal view
showed a “cauliflower-shaped” lesion after enhancement.
TABLE 1 Continued

Author
and
Year

No. of
Patients

Age/
Average
Age(m)

Sex Study
Design

Symptoms Tumor
Site

Conclusions

Reddy
et al., 2011
(19)

1 1.5 M Case Report High intracranial
pressure

Third
ventricle

Third ventricular CPP in an infant was successfully
resected using staged endoscopic and microsurgical
approach.

Phi et al.,
2011 (20)

1 7 M Case Report High intracranial
pressure

Third
ventricle

Excessive drainage of CSF combined with infusion of
hypotonic saline with a physiologic potassium
supplement can cause a catastrophic electrolyte
imbalance in small infants with CPP.
F
rontiers in On
cology
 04
CPP, Choroid plexus papilloma; F, female; M, male; m, month; aCPP, atypical choroid plexus papilloma; CPC, choroid plexus carcinoma; CSF, Cerebrospinal fluid.
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FIGURE 2

Intraoperative and postoperative conditions. (A) Appearance of the head during the surgical treatment. (B) Microscopic resection of the tumor by right frontal
cortex fistula. (C) Exposure of optic nerve revealed after the tumor resection by microscope and endoscopic “chopstick” technique. (D) The recovery of the
infant before discharge from the hospital. (E) Front view of the endoscopic “chopstick” technique. (F) Behind view of the endoscopic “chopstick” technique.
FIGURE 3

(A, B) Postoperative cranial MRI scan indicates total tumor resection. (C) Micrograph shows tumor papillary-like architecture that has fibrovascular
cores (H and E, ×200).
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embolization has been proposed (4, 10). Preparation of

cerebrospinal fluid shunt alone may also complement CPP

treatment (19). Because lesions are often located within the

ventricle, microscope alone has a limited field of vision, so

endoscopy can be used as a surgical supplement. Simple

endoscopic resection of ventricular lesions alone is commonly

used for tumors of smaller size. The endoscopic system is

demanding for the operator and often requires skilled

coordination and cooperation between the primary surgeon and

assistant, and poor coordination may even increase the risk of

additional procedures for the patient. Manickavasagam proposed

the “chopstick” technique in 2010 (23). Labidi further elaborated

the application of “chopstick” technique in 2018, in which the

operator holds the endoscope and a suction device in one hand,

while the other hand holds the instrument to perform various

operations (24). This technique reduces the space required for

surgery, alleviates the disadvantages of unstable holding of the

mirror by the assistant for complex surgery, and avoids

uncoordinated operation between the operator and assistant (24).

In our report, the lesion was first resected using the microscopic

access through the frontal cortex, and then the tumor in the blind

area of the microscope’s visual field was removed by endoscopic

“chopstick” technique to achieve complete resection. In the

“chopstick” technique, the endoscope and suction device are held

in the left hand. The light source connector of the endoscope is placed

between the thumb and ring fingers, and the direction can be changed

as required during the operation. The suction device is placed

between the index and middle fingers. A 0° or 30° endoscope can

be used depending on the location of the lesion. This provides a new

method for total resection of ventricle tumors with minimal trauma.

Clearly, as this is a case report only, more studies with appropriate

design and larger size are needed to provide stronger evidence level.
Frontiers in Oncology 06
Conclusions

Microscope combined with endoscopic “chopstick” technique

may be a new way to remove the tumors in the ventricle.
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