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Abstract The significance of surgery for choroid plexus
tumors is well established, but surgical resection of those in
the fourth ventricle has not been evaluated. This study
reviewed five consecutive patients with choroid plexus
tumors in the fourth ventricle treated in our institute between
1996 and 2005, focusing on the factors that hindered total
extirpation. Two cases were choroid plexus papillomas, and
three cases were choroid plexus carcinomas. Preoperative
T2-weighted magnetic resonance imaging showed a diffuse
high-intensity lesion in the brain stem in four patients.
Infiltration into the fourth ventricle floor was apparent in all
five patients during surgery, which hindered total resection
of the tumors without neurological deterioration. Intraoper-
ative bleeding was well controlled in all five patients by
cauterizing the feeding arteries at the early stage of surgery
through the telovelar approach. Performance status was
improved in all patients postoperatively. All patients with
choroid plexus carcinomas underwent radiation therapy after
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the surgical removal. No patient suffered tumor progression
within the follow-up of 24—129 months (mean 64 months).
Total resection of choroid plexus tumors in the fourth
ventricle is difficult because of invasion into the fourth
ventricle floor. Adjuvant therapy for choroid plexus tumors
with brain stem infiltration must be established.
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Introduction

Choroid plexus tumors (CPTs) are rare intraventricular tumors
accounting for about 0.4% of brain tumors according to the
Brain Tumor Registry of Japan [19]. Choroid plexus papilloma
(CPP) was as rare as 0.3% (147 cases), and malignant plexus
papilloma (choroid plexus carcinoma; CPC) was even rarer
with only 0.1% (29 cases) among 52,196 cases of brain tumor
[19]. Only a few reports have described the treatment for this
entity [1-3, 6, 812, 14-17, 20].

The extent of the surgical resection is widely accepted as
the most important prognostic factor in patients with CPTs
and particularly in patients with CPCs [3, 8, 9, 16, 17, 20].
However, total removal of CPC is achieved in as few as 36—
64% of cases because of problems including intraoperative
bleeding and infiltration of the normal brain structure [3, 8§,
14-16]. More than 70% of patients with CPTs were under
the age of 2 years [4, 6]. CPT is more common in the lateral
ventricle in children but is more common in the fourth
ventricle among adult patients [5, 19]. Surgical treatment for
supratentorial CPTs has been discussed elsewhere [8, 14,
17], but that for fourth-ventricle CPTs has not been
established.
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The present study reviewed our surgical experience with
CPTs in the fourth ventricle, especially focusing on the
problems regarding surgical resection.

Materials and methods

The present study included five consecutive patients, three
male and two female aged 3 to 37 years, treated for CPTs in
the fourth ventricle in our institute between 1996 and 2005.
Two cases were CPPs, and three cases were CPCs. All
patients with CPCs underwent radiation therapy after the
surgical removal. A retrospective review of the case notes that
pre- and postoperative magnetic resonance (MR) imaging,
operation reports, and pathology was performed.

Surgical technique

All patients were operated on in the prone position. After
suboccipital osteoplastic craniotomy and C-1 laminectomy,

Fig. 1 Case 1, a 28-year-old

man with choroid plexus papil- a
loma. Axial T2-weighted mag-

netic resonance (MR) image

showing the lesion associated

with a high-intensity lesion in

the adjacent neural tissue, in-

cluding the brain stem (a).

Sagittal T1-weighted MR image

with gadolinium showing an

enhanced mass with a cyst in the

fourth ventricle (b). The tumor

was removed subtotally, and the b
residual tumor was observed as

an enhanced spot (¢, arrow).
Schematic drawing indicating

invasion of the tumor into the

fourth ventricle floor as the

shaded area (d)

the dura was opened with a Y-shaped incision. The telovelar
approach (transcerebellomedullary fissure approach) de-
scribed previously [5, 7, 13] was applied to all cases. Any
tumor protruding through the obex and/or the foramina of
Luschka was initially removed using an Ultrasonic Surgical
Aspirator (Sonopet; Miwatec, Tokyo, Japan) to expose
and preserve the medulla oblongata, lower cranial nerves,
and vascular structures including the vertebral arteries and
posterior inferior cerebellar arteries (PICAs). The tela
choroidea and inferior medullary velum were involved with
the tumor in most of our cases. The concept of the surgery
was as follows. The tela choroidea was incised along the
taeniae choroidea with coagulation of the feeding arteries
from the PICA to the tumor, to avoid damage to the branches
to the brain stem. The inferior medullary velum was also
incised. These procedures could reduce almost all of the
blood supply to the tumor. Tumor debulking was then
performed using the Ultrasonic Surgical Aspirator to expose
and trace the normal fourth ventricle floor. Considerable care
was taken to avoid injury to the fourth ventricle floor.

taeniae
choroidea

striae
medullaris
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Results

Table 1 summarizes the clinical history, findings of MR
imaging, and treatment of our five patients. Pre- and post-
operative MR imaging and intraoperative findings are shown
in Figs. 1,2, 3,4, and 5.

All patients except for case 3 (Fig. 3) had preoperative
neurological deficits. Case 2 suffered severe dysphagia and
respiratory disturbance because of infiltration of the tumor
into the brain stem (Fig. 2). Three patients showed signs of
high intracranial pressure because of obstructive hydroceph-
alus (Figs. 1, 4, and 5).

Preoperative T1-weighted MR imaging of all five patients
demonstrated relatively well-demarcated lesions in the fourth
ventricle enhanced by contrast material, whereas T2-weight-
ed MR imaging showed a diffuse high-intensity lesion in the
brain stem in four of the five cases (Figs. 1, 2, 4, and 5).
Marked infiltration into the fourth ventricle floor was
identified during surgery in these four cases, which hindered

Fig. 2 Case 2, a 3-year-old boy
with choroid plexus carcinoma.
Axial T2-weighted magnetic
resonance (MR) image disclos-
ing the lesion associated with a
high-intensity lesion in the
adjacent neural tissue, including
the brain stem (a). Sagittal
T1-weighted MR image with
gadolinium showing a dorsally
exophytic enhanced mass within
the medulla oblongata (b). The
tumor was removed totally (c).
Schematic drawing indicating
invasion of the tumor into the b
hypoglossal and vagal trigone
(d, shaded area)

@ Springer

total resection of the tumors at the site of invasion. Brain
stem invasion was also evident, to a lesser extent, in case 3
without high-intensity lesion in the brain stem on preoper-
ative T2-weighted MR imaging (Fig. 3). The tumor had not
always infiltrated into the brain stem at the site of taeniae
choroidea, as brain stem infiltration occurred at the midline
portion of the fourth ventricle floor in cases 1, 3, and 5
(Figs. 1, 3, and 5).

Total removal of the tumor was performed only in case
2 with CPC, who had already developed severe dysphagia
and respiratory disturbance. Total resection of the tumor
was planned preoperatively in this patient. Cases 1, 3, and
4 underwent subtotal removal, and case 5 underwent
partial removal with maximum preservation of the normal
brain stem structure. Postoperative MR imaging detected
residual tumor in case 5 (Fig. 5) and small spot-enhanced
nodules on the fourth ventricle floor in cases 1 and 4
(Figs. 1 and 4). Postoperative MR imaging showed no
residual tumor in case 3, although the small amount of

taeniae
choroidea
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Fig. 3 Case 3, a 37-year-old

man with choroid plexus papil-

loma. Axial T2-weighted mag- a
netic resonance (MR) image

showing the lesion but no asso-

ciated high-intensity lesion in

the adjacent neural tissue (a).

Sagittal T1-weighted MR image

with gadolinium showing an

enhanced mass in the fourth

ventricle (b). The tumor was

removed almost totally, and no
residual tumor was observed (c).
However, intraoperative find-

ings disclosed residual tumor on b
the fourth ventricle floor. Sche-

matic drawing indicating tumor
invasion into the fourth ventricle

floor as the shaded area (d)

invasive tumor was left on the fourth ventricle floor
(Fig. 3).

Intraoperative bleeding was well controlled in all five
patients by cauterizing the tumor-feeding arteries at the early
stage of surgery through the telovelar approach.

Performance status was improved in all patients postopera-
tively, and no patient had suffered tumor progression by May

2007, with a follow-up of 24 to 129 months (mean 64 months).

lustrative case (case 5)

A 34-year-old woman in the 25th week of pregnancy was
restricted to bed rest because of vertigo and nausea on admis-
sion. Preoperative T1-weighted MR imaging with contrast
material demonstrated a well-delineated tumor with cystic
formation in the fourth ventricle causing obstructive hydro-
cephalus and distortion of the brain stem (Fig. 5a and c). T2-
weighted MR imaging disclosed the high-intensity lesion in
the adjacent neural tissue, including the dorsal aspect of the

taeniae
choroidea

striae

brain stem (Fig. 5b). The patient initially underwent endo-
scopic third ventriculostomy for obstructive hydrocephalus,
followed by successful cesarean section at the 30th week of
pregnancy. Then, she underwent tumor removal by craniotomy.
Surgical removal was extremely difficult because of the wide
infiltration of the tumor into the fourth ventricle floor (Figs. 5f
and g). The upper part of the tumor could not be resected
because the normal fourth ventricle floor could not be traced
above the striac medullaris (Fig. 5d). Adjuvant therapy using
extended local irradiation and gamma knife stereotactic
radiosurgery resulted in marked regression of the residual
tumor (Fig. Se). She was independent at the last follow-up,
2 years after the surgery. Her child is also doing well.

Discussion

The telovelar approach (transcerebellomedullary fissure
approach) is one of the optimal surgical approaches for
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Fig. 4 Case 4, a 25-year-old

woman with choroid plexus a
carcinoma. Axial T2-weighted
magnetic resonance (MR) image
disclosing the lesion associated

with a high-intensity lesion in

the medulla oblongata (a).

Sagittal T1-weighted MR image

with gadolinium showing an

enhanced mass filling the fourth
ventricle with extension into the
cerebellomedullary fissure (b).

The tumor was removed subto-

tally, and the residual tumor was
observed as an enhanced lesion b
(e, arrow). Schematic drawing
indicating tumor invasion into

the fourth ventricle floor as the
shaded area (d)

fourth-ventricle tumor [5, 7, 13]. This approach without
splitting of the inferior vermis can avoid the development
of cerebellar mutism syndrome. Because the blood supply
to the choroid plexus in the fourth ventricle derives from
the branch of PICA, the telovelar approach allows us to
cauterize the feeding artery to the CPTs at the early stage of
surgery. The advantage of this approach and the smaller
size of CPTs in the fourth ventricle may together contribute
to less intraoperative bleeding compared to CPTs in the
lateral ventricle or the third ventricle. In the present series,
intraoperative bleeding was well controlled in all five cases
using this approach.

Infiltration into the fourth ventricle floor was apparent in all
five cases during surgery. Anatomically, the attachment of the
choroid plexus in the fourth ventricle is located at the side of
ventricular wall and runs longitudinally along the midline,
then passes laterally toward the bilateral lateral recesses [18],
forming an inverted T-shape. The lateral parts of the choroid
plexus extend to the bilateral cerebellopontine angles through

@ Springer

taeniae
choroidea

striae
medullaris

the foramina of Luschka. Based on this anatomy, CPTs
would not infiltrate the brain stem at the very beginning of
the tumorigenesis. CPTs in the fourth ventricle may later
infiltrate to the brain stem via the taeniae choroidea laterally
or infiltrate directly through the fourth ventricle floor after a
period of tumor adherence. CPCs are considered to be highly
infiltrative, and this characteristic is a diagnostic indicator of
CPCs. The present series demonstrated that both CPCs and
CPPs may present with apparent infiltration into the fourth
ventricle floor, which hinders total extirpation of the tumor
during surgery. Tumor adherence to the floor of the fourth
ventricle was encountered in one child with fourth ventricular
papilloma, which necessitated subtotal removal [17]. Evi-
dence of stromal invasion and/or focal brain invasion with-
out other cellular changes may be clinically consistent with
benign CPPs [12].

Therefore, we recommend preoperative evaluation of
possible brain stem invasion by MR imaging in patients
with suspected CPTs. Careful evaluation of the anatomical
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Fig. 5 Case 5, a 34-year-old
woman with choroid plexus
carcinoma. Axial (a) and sagittal
(¢) T1-weighted magnetic reso-
nance (MR) images with gado-
linium showing an enhanced
mass with cystic formations
filling the fourth ventricle. Axial
T2-weighted MR image dis-
closing the lesion associated
with a high-intensity lesion in
the adjacent neural tissue, in-
cluding the brain stem (b). The
tumor was removed partially,
and residual tumor was observed
(d). Sagittal T1-weighted MR
image with gadolinium obtained
1 year after extended local
radiation and gamma knife ste-
reotactic radiosurgery demon-
strating shrinkage of the tumor
(e). Intraoperative photograph
after debulking of the tumor
demonstrating the residual tu-
mor invading the fourth ventri-
cle floor (f). Schematic drawing
indicating tumor invasion into
the fourth ventricle floor as the
shaded area (g)

striae
medullaris

relationship between the normal brain structure and the
tumor, as well as the detection of the high-intensity lesion in
the brain stem by T2-weighted MR imaging, may indicate
the extent of brain stem invasion preoperatively.

The extent of surgical resection is generally accepted to be
the most significant prognostic factor for CPCs [3, 8, 9, 16,
17, 20], but accurate histological diagnosis and evaluation
of malignancy during surgery is not always possible to
obtain. Such difficulties do not allow us to perform complete
removal of the tumor, which may result in significant post-
operative morbidity caused by destruction of the fourth

ventricle floor. Therefore, we recommend removal of CPTs in
the fourth ventricle as far as possible without affecting the
normal brain stem structure. Complete surgical resection may
be necessary for survival, and “second-look” procedures
should be considered for patients who undergo subtotal
resection [3, 8, 14]. If the lesion is localized and the patient’s
condition permits, most primary tumors of the choroid
plexus should be removed completely via as many proce-
dures as required, regardless of the size, site, and histological
features [8]. However, total resection of CPTs in the fourth
ventricle may be hindered by invasion into the fourth ven-
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tricle floor, not by the excessive blood loss during surgery.
Second-look surgery has the same risk of damage to the
brain stem functions as the first surgery. Therefore, after the
definitive histological diagnosis was established, we per-
formed adjuvant radiochemotherapy for CPCs after discus-
sion with a multidisciplinary team and also with the patients
and family. We currently await the results of long-term
follow-up of the patients with CPPs. The optimal postoper-
ative treatment for the residual tumor in the fourth ventricle
floor, including adjuvant radiochemotherapy or radiological
follow-up without adjuvant therapy, is undetermined because
of the limited number of patients with CPTs. The establish-
ment of a worldwide registry for CPTs [9] would allow the
development of a growing database of treatment strategies to
address this critical issue.

Conclusion

The telovelar approach (transcerebellomedullary fissure ap-
proach) for CPTs in the fourth ventricle can control intra-
operative bleeding by cauterizing the feeding arteries at the
early stage of surgery. However, total resection is difficult
because of infiltration into the brain stem. Future establish-
ment of adjuvant therapy for CPTs with the brain stem
infiltration is necessary to improve the prognosis.
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Comments

Veit Rohde, Gottingen, Germany

The authors report five cases of CPT in the fourth ventricle. Only
few larger series have been published so far, including patients with
CPTs in the lateral and the third ventricles. The authors confirm again
that papillomas as well as carcinomas invade brain tissue, here the
floor of the fourth ventricle. Therefore, the authors did not try to
remove the tumor completely to avoid neurological deficits. There was
a progression-free survival after 64 months (mean), which supports the
author’s concept of a less aggressive surgical strategy. Using the
telovelar approach, brisk bleeding could be controlled effectively.
Even before this report, many neurosurgeons were reluctant to proceed
to complete CPT removal in cases of infiltration of the fourth
ventricular floor. Now, the neurosurgeons have the scientific justifi-
cation for this strategy.
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